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Description

This application relates to US 4 882 588 and WO
88/04837.

This invention relates to an antenna system and
a method of operating same in accordance with the
generic clauses of claims 1 and 14, especially for sat-
ellites to communicate with ground stations and, more
particularly, to an antenna system for satellites incor-
porating an antenna array for producing a communi-
cating beam which has improved side lobe character-
istics around the fringes of the ground area covered
by the antenna.

Satellites are now employed for providing com-
munication, such as land mobile telephone service,
between distant points on the surface of the earth.
One embodiment of such a system of considerable in-
terest is that in which the satellite travels in a geosta-
tionary orbit about the earth. The satellite may be lo-
cated at a fixed position above the United States and
carries an antenna having a sufficient beam width in
the north-south direction and in the east-west direc-
tion to permit the reception and transmission of com-
munication signals between any two points in the Uni-
ted States. The beam width in the north-south direc-
tion can be enlarged to include both United States and
Canada, if desired. A beam width of approximately
4.5° in the north-south direction is sufficient to cover
both Canada and the United States. The beam width
in the east-west direction should be approximately 80
to provide the desired coverage. A problem arises in
that the use of an antenna having the foregoing beam
width in the north-south and east-west directions has
less signal gain than is desired. This necessitates
larger power amplifiers for driving radiating elements
of the antenna.

In previous satellite communication systems,
such a wide beam width antenna has employed at
least two overlapping beams to provide the coverage.
The generation of such beams with a desired overlap
until very recently required the use of separate large
reflectors each having a diameter of about 16 feet. In
the construction of communication satellites, how-
ever, it is desirable to reduce physical sizes, weights,
and power requirements to facilitate the construction
and launching of such satellites.

In Application WO 87/02191, entitled
"STEERED-BEAM SATELLITE COMMUNICATION
SYSTEM," which is hereby incorporated by reference,
there is disclosed a system for communicating via sat-
ellite between ground stations. The system compris-
es a set of ground stations spaced apart along an arc
of the earth’s surface and a satellite positioned above
the earth in view of the arc. An array of radiating ele-
ments is deployed on the satellite, and a frequency
responsive beam former connected to the radiating
elements is provided for forming a beam of electro-
magnetic radiation. The beam is steerable in re-
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sponse to a carrier frequency of the radiation to inter-
cept individual ones of the stations in seriatim. The
frequencies of an uplink carrier and of a downlink car-
rier respectively associated with respective ones of
the ground stations vary monotonically with position
along the arc to permit automatic positioning of a
beam from the satellite to a ground station upon en-
ergization of a carrier frequency assigned to the
ground station.

So that the present invention may be better un-
derstood, the satellite communication system dis-
closed and claimed in the aforementioned application
will now be discussed in some detail by reference to
Figs. 1 through 5. As shown in Figs. 1 and 2, the sat-
ellite 24 employs a simplified antenna structure 30
comprised of two conf ocal parabolic reflectors, one
of which is a large main reflector 32 and one of which
is a small subreflector 34, and a 4 x 2 array 40 of eight
radiating elements 42, all of which are supported by
a frame 44. A front view of the array 40 is shown in
Fig. 2. The array 40 of radiators 42 is rigidly secured
in front of the subreflector 34, and the subreflector is
located within the satellite 24. The main reflector 32
is substantially larger than the subreflector 34 and
due to the larger size is folded during launch and sub-
sequently unfurled when the satellite or spacecraft
24 has been placed in orbit. Upon being unfurled, it
extends outside of the satellite 24 as shown. Also
shownin Fig. 1 within the frame 44 is other spacecraft
equipment such as rocket engines and fuel tanks,
thereby to demonstrate that the antenna system 30
can be easily carried by the satellite 24.

The arrangement of the components of the an-
tenna system 30 provides a significant reduction in
weight and complexity for a satellite antenna over that
which has been employed before. This is accomplish-
ed by fabricating the main reflector 32 and the subre-
flector 34 with parabolic reflecting surfaces, the two
surfaces being oriented as a set of conf ocal parabo-
las having a common focal plane or point 48. Such
configuration of reflecting surfaces in an antenna is
described in C. Dragone and M. Cans, "Imaging Re-
flector Arrangements to Form a Scanning Beam Us-
ing a Small Array," Bell System Technical Journal,
Vol. 58, No. 2 (Feb. 1979), pp. 501-515. The config-
uration provides a magnification of the effective aper-
ture of an array of radiating elements. In the preferred
configurations as shown in Figs. 1 and 2, the magni-
fication factor is 4.7. The eight radiating elements 42
of the array 40 represent a substantial reduction in
complexity of the antenna since, if a direct radiator of
similar sized elements had been employed, a total of
155 radiating elements would have been needed to
give the same antenna performance. As shown in Fig.
3, a hexagonally arranged antenna array 50 of seven
primary radiators 52 may be used if desired in place
of the 4 x 2 array of radiators mentioned above. The
array 50 of feed elements 52 may be employed for
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both uplink and downlink communications.

Fig. 4 illustrates two exemplary spot beams 56,
58 produced by the satellite 24 (not shown in Fig. 4)
in geosynchronous orbit above the earth 60. Spot
beam 56 extends substantially along the eastern
coast of the United States 62 and Canada 64, while
spot beam 58 extends substantially along the western
coast of the United States 62 and Canada 64. The sat-
ellite transmits and receives information-carrying ra-
diation to and from ground stations located within re-
gions of the earth’s surface encompassed by the re-
spective first and second spot beams 56, 58. The cov-
erage patterns of the respective spot beams 56, 58
preferably are selected such that frequency bands
available for communications are concentrated in re-
gions of the surface of the earth 60 where the largest
communications capacity is necessary to optimize
antenna gain Usage by substantially limiting the
amount of antenna gain which is incident upon re-
gions wherein relatively little communications capaci-
ty is necessary, such as in sparsely populated re-
gions.

The antenna system of satellite 24 provide a one-
dimensional beam scan (which may be considered to
be a continuum of virtual spot beams) across the sur-
face of the earth 60. Such a scan can be directed
along an arc of the earth’s surface, such as a longi-
tude or a latitude, or an arc included relative to a lat-
itude. The scanning can be accomplished most effi-
ciently for the geography depicted in Fig. 4 by scan-
ning in the east-west direction, providing a scan path
which follows an arc of a great circle of the earth. The
scanning is preferably implemented by using fixed
delays (as will be described hereinafter) among radi-
ating elements of the antenna system and by employ-
ing different frequencies for different geographical lo-
cations on the surface of the earth. Thereby, the
scanning is accomplished by variation of the frequen-
cy of the radiation for each position of the beam scan
(i.e., for each virtual beam), and in addition, a plurality
of the beams (not shown) can be generated simulta-
neously by the provision of different frequencies of
electromagnetic radiation in each of the beams. By
use of this virtual beam technique, users at any point
within the coverage of the beam scan are close to the
center of one of the virtual beams. Therefore, users
will typically receive 2 or 3 dB more power than they
would from a comparable satellite using fixed beams.

To minimize the required electromagnetic power
and provide for simplicity of antenna structure, the
preferred antenna system provides beams with a gen-
erally circular cross-section and a width of 4.5° by use
of the hexagonal array 50 of radiating elements 52 as
shown in Fig. 3. The elements 52 preferably are cup
dipole feed horns one wavelength in diameter.

As an example of its use, the satellite communi-
cations system may be designated for land mobile tel-
ephone service, sometimes referred to as the Mobile
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Satellite (MSAT) system. Two frequency bands are
assigned for such service: 866-870 MHz for the
downlink band and 821-825 MHz for the uplink band.
The 4 MHz width of each of these bands may be sub-
divided into approximately 1000 frequency slots
which are individually assignable to individual ground
stations on the surface of the earth 60 for compound-
ed single sideband voice communication. Other fre-
quency bands may be utilized, for example, such as
the L-band. If the stations were uniformly positioned
from east to west, with each station being at a differ-
entlongitude, approximately twelve assignable chan-
nels comprising an uplink and a downlink would be
available within a scan angle of approximately 0.1 de-
gree.

Since the channels would be uniformly spaced
apart in frequency, a beam would be uniformly step-
ped in the east-west direction as the downlink (or up-
link) frequency was shifted from one channel to the
next channel. In other words, thee operating frequen-
cy of the ground station is preferably selected to
match the frequency of a beam directed from the sat-
ellite to the ground station. For a uniform distribution
of the stations in the east-west direction, the beam
could be centered with respect to the east-west com-
ponentthereof upon each of the stations. However, as
a practical matter, the stations tend to be clustered in
various geographic areas of the United States 62 and
Canada 64 providing a nonuniform distribution of the
stations along the east-west scanning path of the
beam. Consequently, a peak signal amplitude cannot
be obtained for all of the stations.

By way of example, assuming that 25 ground sta-
tions are located within a scan angle of 0.1°, the cor-
responding reduction from peak signal amplitude is
less than 0.01 dB (decibels). This represents a signif-
icant improvement over previously available satellite
communication systems employing separate fixed
beams wherein the average loss in signal gain rela-
tive to peak signal gain in the east-west direction was
approximately 0.8 dB. As noted above, such previous
satellite communication systems employed antenna
systems having a plurality of large antenna reflectors,
measuring approximately 16 feet in diameter, while
the antenna system described in the aforementioned
patent application requires only one such large reflec-
tor and a much smaller confocal subreflector as will
be described hereinafter. Thus, the disclosed system
provides for improved uniformity of signal gain with a
simplified mechanical structure of the antenna sys-
tem.

Fig. 5 presents a diagram useful in explaining the
frequency scanning operation of the antenna system.
A set of four radiating elements 42 are arranged side
by side along a straight line and face an outgoing wa-
vefront 66 of electromagnetic radiation. The angle of
incidence of the wavefront or beam scan angle is
measured relative to a normal 68 to the array 40 of
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elements 42. A frequency scan is generated in a pla-
nar array antenna by introduction of a progressive
time delay into the array. The progressive time delay
provides for a difference in the phases of signals ex-
cited by adjacent ones of the elements 42 such that
the phase difference is proportional to the frequency
of the radiated signals. This explanation of the oper-
ation assumes an outgoing wavef ront, it being under-
stood that the operation of the array of elements 42
is reciprocal so that the explanation applies equally
well to an incoming wavefront. It should be noted here
that the desired frequency dependent port-to-port
phase progression may be achieved by using techni-
ques other than time delays, such as through the use
of an all-pass network. The relationship of scan angle
to frequency, element spacing and time delay is given
by the following equations:
2aDsin @ = AY = 2fAT (1)
therefore,

ing = X
sin@ = DfAT 2)

wherein:

D = spacing between elements,

0 = beam scan angle,

A = wavelength of radiation,

AY = phase increment between adjacent ele-
ments,

f = frequency relative to band center, and

AT = time delay increment between adjacent
elements.

The radiating elements 42 are energized via a
source of microwave energy and a series of delay
units 72 coupled to the source 70. Each of the delay
units 72 provides the time delay increment referred to
above in Equations (1) and (2). The source 70 is con-
nected directly to an element 42 at the left side of the
array while the next element 42 is connected by one
of the delay units 72 to the source 70. The signals ap-
plied by the source 70 to the third and the fourth of the
elements 42 are delayed, respectively, by two and
three delay increments of the delay units 72. This pro-
vides the linear phase relationship to provide the scan
angle for the outgoing wavef ront 66. The phase incre-
ment between two adjacent ones of the radiators 42
is proportional to the product of the frequency of the
radiation and the delay increment. When this product
is equal to 360°, the wavef ront propagates in a direc-
tion normal to the array of element 42. Increasing val-
ues of frequency produce greater phase shift to direct
the wavef ront to the right of the normal 68 as shown
in Fig. 5, while decreasing amounts of frequency pro-
duce less phase shift and drive the wavef ront to the
left of the normal. Accordingly, the wavef ront can be
scanned symmetrically about the array of elements
42,

The aforementioned application also discloses
that for the case of the foregoing uplink and downlink
frequency bands, and for the case of the radiating ele-
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ments 42 having a diameter of approximately one wa-
velength, a suitable value of differential delay, as pro-
vided by the delay units 72 of Fig. 5, is 185 nanosec-
onds for the case of substantially uniform distribution
of ground stations on the surface of the earth 60. To
provide the east-west coverage of 8°, the uplink and
the downlink beams are scanned through an arc from
-4° to +4°. In view of the magnification factor of 4.7,
the scan angle of the array 40 of radiating elements
42 must be enlarged by the same magnifying factor,
4.7, from that of the output scan from the main reflec-
tor 32. Therefore, the beam produced by the radiating
elements 42 must be scanned through an arc of 18.8°
to either side of a normal to the array 40. The forego-
ing value of differential delay, namely 185 nanosec-
onds, provides the 18.8° scan to either side of the nor-
mal to the array 40. In the ideal situation of uniformly
distributed ground stations between the east coast
and the west coast of the United States and Canada,
the number of channels per degree has a constant
value of 1000/8 = 125.

In the situation wherein the differential delay pro-
vided by the delay units 72 are independent of fre-
quency, then an optimal direction of the scanned
beam is obtained for the ideal situation of uniform dis-
tribution of ground stations. In the more likely situa-
tion of a nonuniform distribution of ground stations,
the scanned beam may be displaced slightly from its
designated ground station. As has been noted above,
such a beam-pointing inaccuracy reduces the signal
level by less than 0.01 decibels for a beam-pointing
error of 0.1 degree.

The aforementioned patent application discloses
that the scanning can be adapted to accommodate
the foregoing nonuniformity in ground station distrib-
ution by introducing a frequency-responsive compo-
nent to the differential delay. It gives an example of
nonuniform distribution where the differential delay
between columns of the array 40 of radiating ele-
ments 42 (see Fig. 4) should vary, at least for the
forming of the downlink beams, between 262 nano-
seconds at the low frequency end of the transmission
band to 131 nanoseconds in the high frequency end
of the transmission band. Other values of delay may
be employed in the beam-forming operation of uplink
beams provided by the receiver of the antenna sys-
tem (30).

The values of delay used in the different frequen-
cy bands, namely the uplink and downlink frequency
bands, are inversely proportional to the center fre-
quencies of these bands as is apparent from Equa-
tions (1) and (2). Areduction in the differential delay
results in a reduced amount of phase shift between
successive beams with a corresponding reduction in
displacement of beam position on the surface of the
earth 60 from one channel to the next channel. There-
by, the beam can be more accurately positioned in a
region of high density of ground stations. In a corre-
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sponding fashion, an increase in the differential delay
results in increased movement of the beam as the fre-
quency is shifted from one channel to the next chan-
nel, thus accommodating positions of the beam to a
less dense distribution of ground stations. The chan-
nel number corresponds to a specific frequency in
either the uplink or the downlink band. With respect
to the positioning of ground stations along an arc of a
great circle of the earth 60, as disclosed with refer-
ence to Fig. 4, it is seen that the frequencies selected
for the various stations vary monotonically with posi-
tion along the foregoing arc.

In view of the foregoing description, it is seen that
the above-described communication system provides
two-way communications between ground stations
and a geosynchronous satellite. The assignment of
specific frequencies to respective ones of the ground
stations, in combination with frequency scanning of
both uplink and downlink beams of the satellite (24),
permits a simplification in the circuitry of the system.
In addition, the use of the two confocal parabolic re-
flectors provides a multiplicative factor which reduces
the number of elements required in the array of radi-
ating elements. The use of a scanned beam also re-
duces the physical size of the antenna system by re-
ducing the number of reflectors, resulting in a lighter
weight, more efficient satellite communications sys-
tem.

It has been found that certain technical impedi-
ments exist to the commercial implementation of the
above-described confocal reflector system. One such
impediment is the system s lack of efficiency. Due to
spacecraft size limitations, the subreflector 34 cannot
be constructed large enough (in terms of wave-
lengths) to perform with acceptable efficiency. These
size limitations also restrict the size of the main re-
flector and the focal lengths that may be used in the
confocal arrangement.

Another impediment is the beam distortion which
is present when the beam scans toward the edge of
the coverage area. This beam distortion is undesir-
able because it reduces the overall capacity of the
system to transmit information.

It would be desirable, in order to achieve a further
weight-saving and simplification of the aforemen-
tioned satellite communications system, to eliminate
the subreflector altogether while still utilizing a rela-
tively low number of radiating elements. It would also
be very advantageous to be able to combine the pow-
er of output signals from several individual amplifiers
operated in parallel into an individual one or small
group of the radiating elements so as to produce a
stronger spot beam in any given location along the
area of the earth being swept by the scanning beam.
It would further be desirable to use as many elements
as possible as common elementin an antenna system
for the transmitter antenna system and receiver an-
tenna system of a communications satellite so as to
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save weight, space and cost. Still, another desirable
feature would be to reduce beam distortion which pre-
sently occurs when the beam which is transmitted
from the antenna is swept towards the edge of the
coverage area. The present invention is directed to
achieving these and other desirable objects.

These objects are met by the characterizing por-
tions of Claims 1 and 14.

In light of the foregoing objects, there is provided
in one embodiment of the present invention an anten-
na system including a reflector having at least one fo-
cal point associated therewith and an antenna array
having a plurality of feed elements for transmitting
beams of electromagnetic radiation onto a target
area. The antenna system comprises: means opera-
tively connected to the antenna array for performing
an approximate spatial transformation on the ampli-
tude and phase distribution of input signals provided
thereto; at least one additional feed element posi-
tioned along with the array of feed elements, the ad-
ditional feed element being used to produce a beam
which has a center portion that falls outside of the tar-
getarea and a fringe portion which overlaps a portion
of the target area, and wherein the antenna array, the
additional feed element, and the reflector are posi-
tionable relative to each other such that the antenna
array and the additional feed element are operatively
disposed near the focal point of the reflector when the
reflector is in its intended operating position. The spa-
tial transformation which is performed is selected
from the group of transformations consisting of dis-
crete Fourier transforms and inverse discrete Fourier
transforms. The transformation performing means in-
cludes a Butler matrix having a plurality of input ports
and a plurality of output ports. The antenna array, in-
cluding the one additional feed element and the But-
ler matrix, is preferably used for both transmission
and reception of signals. When the antenna system is
used for reception, the input signals provided to the
spatial transformation means are signals obtained
from electromagnetic radiation focused by the reflec-
tor onto the antenna array for reception by the feed
elements, and the spatial transformation is an in-
verse discrete Fourier transform. When the system is
used for transmission, the spatial transformation
means produces signals provided to the antenna ar-
ray and the additional feed element, and the spatial
transformation is a discrete Fourier transform. When
used as a transmitter, the system preferably further
comprises means for feeding the input ports of the
Butler matrix with a set of signals having a predeter-
mined phase relation from input port to input port.

The antenna system of the present invention is
preferably used in a satellite for communication with
ground stations. In such an application, the system
typically is further comprised of a satellite frame to
which the reflector and antenna array are attached.
The reflector and antenna array are operatively ar-
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ranged with respect to one another to enable a steer-
able beam produced by electromagnetic radiation
emanating from said array to be reflected off the re-
flector when the reflector is in its intended operating
position.

Another aspect of the present invention is a meth-
od of operating a steerable beam antenna system
comprising the steps of: (a) providing a set of first sig-
nals having a predetermined phase relationship with
respect to one another and containing information to
be transmitted; (b) generating a set of signals from
said set of first signals by at least performing an ap-
proximate spatial transformation on the amplitude
and distribution of said set of first signals by at least
performing an approximate spatial transformation on
the amplitude and distribution of said set of first sig-
nals; (c)creating a scanning beam by transmitting
preselected ones of said second set of signals to-
wards the reflector by passing said preselected ones
of said second set of signals through a plurality of ra-
diating elements; and (d) creating at least one addi-
tional beam by transmitting at least one signal in the
second set of signals towards the reflector by passing
said at least one signal through an additional radiating
element located along with the plurality of radiating
elements, the additional beam being directed so that
the center portion of the beam falls outside of the tar-
get area, and the fringe portion of the beam falls upon
said target side area, said fringe portion of said addi-
tional beam combining with said scanning beam to re-
duce said side lobes to a desirable level. The method
further comprises providing a Butler matrix in order to
generate said set of second signals from said set of
first signals and wherein said spatial transformation
is a discrete Fourier transform.

The method is preferably used in satellite com-
munications systems for communicating with multiple
ground stations through the use of the steerable
beam associated with the antenna system. In such
applications, the reflector is a main reflector and is
mounted on the satellite.

These and other aspects, objects, features and
advantages of the present invention will be more fully
understood from the following detailed description
and appended claims, taken in conjunction with the
drawings.

In the accompanying drawings:

Fig. 1 is a side elevational view of a communica-
tions satellite, showing an array of radiators, an
imaging reflector and primary reflector;

Fig. 2 is a front view of the rectangular array of ra-
diators in the Fig. 1 satellite;

Fig. 3 is a front elevational view of the antenna
subsystems shown in Fig. 1, which employs an al-
ternative hexagonal arrangement of radiators;
Fig. 4 is a stylized pictorial view of spot beams

10

15

20

25

30

35

40

45

50

55

formed on the surface of the earth using the Fig.
1 satellite;
Fig. 5 is a diagram showing a relationship be-
tween an outgoing wavefront and the elements of
a line array of radiators;
Fig. 6 is a simplified diagrammatic representation
of an antenna system of the present invention
usable in a satellite;
Fig. 7 is an optical diagram showing a dual lens
system;
Fig. 8 is a simplified electrical diagram of a four-
port Butler matrix usable in an antenna system of
the present invention;
Fig. 9 is a plot, as a function of input phase, of the
amplitude of the output signal of port A of the Fig.
8 Butler matrix when ports A’, B’, C’ and D’ are
fed with a specified set of input signals;
Fig. 10 is a plot, as a function of input phase, of
typical amplitudes of all of the output ports in the
Fig. 8 Butler matrix when the matrix is fed with a
specified set of input signals;
Fig. 11 is a simplified electrical block diagram
showing a set of diplexers and a Butler matrix
used in common by transmitter and receiver net-
works in an antenna system of the present inven-
tion;
Fig. 12 is an electrical diagram of one embodi-
ment of a receive network of the present inven-
tion which introduces port-to-port phase differ-
ences into a received set of signals through the
use of progressive time delays or frequency-de-
pendent phase shifts;

Fig. 13 is an electrical block diagram of one em-

bodiment of a transmit network of the present in-

vention having functional similarities to the re-

ceive network shown in Fig. 12;

Fig. 14 is an electrical block diagram of a dual-

frequency, dual-signal transmit network of the

present invention for simultaneously summing
and preparing for transmission a plurality of dis-
tinct frequency signals;

Fig. 15 is a block diagram of a four-port Butler ma-

trix;

Figs. 16A-E are graphs of amplitude distributions

into and out of a four-port Butler matrix; and,

Fig. 17 is a combined block and pictorial view of

spot beams formed on the surface of the earth by

a satellite antenna array in accordance with the

present invention.

The present invention comprises a novel antenna
system for communicating with multiple ground sta-
tions typically distributed over a large geographical
area of the earth. The following description is present-
ed in conjunction with the technical description set
forth above to enable any person skilled in the art to
make and use the invention and is provided in the
context of a particular application and its require-
ments.
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As shown in Fig. 6, the antenna system 80 of the
present invention includes a main reflector 32 and an
array 40 (or 50) of radiators 42 (or 52) of the type de-
scribed in Figs. 1 through 5 above. The antenna sys-
tem 80 is preferably located on satellite 24 by being
mounted on a suitable frame 44. In the antenna sys-
tem 80 of the present invention, the subreflector 34
(shown in Figs. 1 and 3) is removed and the array 40
(or 50) of primary radiators 42 (or 52) or feed horns
is placed at (or near) the focal point or plane 48 of the
offset feed reflector 32. The array 40 (or 50) is fed by
a Butler matrix 82 which is arranged "backwards" with
respect to the traditional use of this type of beam-
forming matrix. Connected to the matrix 82 are the
transmitter and receiver networks represented by
block 84. The use of a Butler matrix in this manner
produces an excitation sequence for the antenna sys-
tem 80 which is the spatial discrete Fourier transform
of the excitation sequence input to the beam-forming
array of primary radiators in the antenna system 30
of Figs. 1 through 5. In this way, the far field pattern
produced by the array and signal reflector is identical
(in the ideal case) to that of the previously described
confocal arrangement. There will be some difference
in the non-ideal case due to the effects of spatial sam-
pling and the physical limitations on the size of the ar-
ray that may be placed at the focal point.

The operation of the antenna system 80 shown in
Fig. 6 and the foregoing explanation of same may be
better understood by considering the equivalent opt-
ical model of the conformal reflector configurations,
shown in Figs. 1 and 3 previously described above.
Fig. 7 shows the equivalent optical model 90 of this
earlier antenna system 30 employing two lenses 9,2
and 94 which correspond in function to the main re-
flector 32 and the subreflector 34 respectively. The
focal plane x represented by line 96 includes the focal
point 48. The focal length of lens 92 is F,, while the
focal length of lens 94 is F1. The magnification factor
M of the system 90 in Fig. 7 is given by:

M = FJ/F, (3)
An amplitude and phase distribution of an image,
F(x), at the image plane x represented by line 98, is
magnified by lenses 92 and 94 such that at the mag-
nified image plane x” represented by line 100:
fx)=FMX) 4)
From optical theory, it is well known that the ampli-
tude and phase distribution at the focal plane x’ is the
spatial discrete Fourier transform of the amplitude
and phase distribution at the image plane X. That is
to say:
f(x) = FIf(x)] (5)
By removing the first lens and producing f(x’) directly
at the focal plane x’, the same amplitude and phase
distribution will result at the magnified image plane
x". The antenna system 80 of the present invention is
based upon this idea.
Returning to Fig. 6, it may be seen that the Butler
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matrix 82 in the system 80 performs the spatial dis-
crete Fourier transform of the excitation sequence
generated by the transmitter in block 84. It may also
be seen that the Butler matrix 82 performs the spatial
inverse discrete Fourier transform, F-'[f(x")], of the far
field beam reflected off reflector 32 and focused onto
the antenna array 40 (or 50) for reception by the feed
elements 42 (or 52) and subsequent processing by
the receiver in block 84.

Fig. 8 illustrates a four-port Butler matrix 110
which has a set of four inputs and a set of four outputs.
The Butler matrix 110 includes four 90° phase lead
hybrids 112 and two negative 45° phase shif ters 114
interconnected to one another and to the two sets of
four ports as shown. The four-port matrix 110 is con-
sidered here for simplicity, but as those in the art
know, Butler matrices can be designed with any num-
ber of desired ports. In this regard, much work has
been done in developing design technique for Butler
matrices, see, e.g., M. Ueno, "A Systematic Design
Formulation for Butler Matrix Applied FFT Algorithm,"
IEEE Trans. Antennas and Propagation, Vol. AP-29,
No. 3, May 1981. In the traditional use of this matrix,
ports A, B, C and D would be the input ports, and
ports A’, B’, C’ and D’ would be the output ports and
would be attached to radiator elements in an antenna
system which does not use a reflector. When the an-
tenna sygtem 80 of the present invention is used to
transmit, ports A’, B’, C’ and D’ are used as the input
ports, and ports A, B, C and D are used as the output
ports. In the system 80 used as a transmitter, the
ports A’, B’, C’ and D’ are fed with a set of signals that
have some predetermined phase relationship from
port to port that is a function of frequency. If the same
signals were fed to a planar antenna array, different
spot beams, each with a different beam direction,
would be formed for the different frequencies. We
sometimes refer to these spot beams as virtual
beams, since in theory a continuum of beams exists
over the entire beam width defined by the lowest fre-
quency to highest frequency spot beams. The differ-
ent phase distributions resulting from different fre-
quencies are combined in the matrix 110 and con-
structively or destructively combine on different out-
put ports. The effect is the creation of a virtual phase
center in the array of signals at output ports A, B, C
and D for each frequency. In other words, the phase
center of an antenna array 40 (or 50) having a plurality
of radiator elements 42 (or 52) with one such element
attached to ports A, B, C and D will scan as a function
of frequency. A particular frequency may result in a
signal at one and only one port, or it may result in sig-
nals at two or more ports whose amplitude and phase
correspond to a spatial phase center somewhere be-
tween the ports.

Curve 120 of Fig. 9 shows the amplitude re-
sponse of port A in Fig. 8 when input ports A’, B’, C’
and D’ of matrix 110 are fed with a set of input signals
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defined by:

Xp () = sin(ot + n¥)n =0,1,2,3 (6)
where W is varied from 0 to 2 pi. (In the usual frequen-
¢y scan technique, the input phase value ¥ is some
function of frequency and is not necessarily con-
stant.) Port A’ corresponds ton =0, port B’ton =1
and so forth. Note that at a particular phase distribu-
tion a maximum signal level occurs at port A. Figure
10 shows the magnitudes of the output signals on all
ports when the matrix 110 is fed with the same type
of signal sequence described above. Curves 122, 124
and 126 are the output signals on all ports when the
matrix 110 is fed with the same type of signal se-
quence described above. Curves 122, 124 and 126
are the output signals of ports B, C and D, respective-
ly. Note that each port has a maximum output value
for a different relative input phase value ¥. Note also
that of a maximum amplitude for a particular port, the
outputs of the other ports are zero. For example,
when curve 120 associated with port A is of its max-
imum at point 128, curves 122-126 are at zero ampli-
tude at point 130. Further analysis shows that the
phase center of the antenna array attached to the out-
put of the Butler matrix (as illustrated in Fig. 11) will
scan the length of the array 40 (or 50) as a function
of . Different frequencies result in different phase
centers of the antenna array.

The performance of an antenna system employ-
ing a Butler matrix is affected by the number of ele-
ments used. The more elements used the better the
spatial sampling of the input and output signal se-
quences. Thus, it will be appreciated that a Butler ma-
trix with relatively few ports performs a rough approx-
imation of a discrete Fourier transform (or inverse dis-
crete Fourier transform) on signals passing there-
through. As the number of ports increases, the quality
and accuracy of the transformation performed in-
creases.

Fig. 11 illustrates in greater detail how the Butler
matrix 110 may be used in an antenna system 138 of
the present invention which includes transmitter and
receiver subsystems. The system 138 includes an ar-
ray 140 of feed elements or horns 142 which are used
both as radiating elements and receiving elements.
The horns 142 may be of any conventional or suitable
design, such as a cup dipole one wavelength in diam-
eter. In practice, the horns 142 function in the same
basic manner as the radiating elements 42 (or 52) de-
scribed earlier and are located at or very near the fo-
cal plane or plane of an offset feed reflector 32 as in
the Fig. 6 arrangement.

The system 138 also includes a group 144 of di-
plexers 146, a receive network 148 and a transmit
network 150 which are respectively connected to the
diplexers 146 by groups 152 and 154 of electromag-
netic conduits or conductors. These components may
all be of conventional or suitable design. For the di-
plexers 164, however, we prefer to use diplexers of
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the type fully described in commonly assigned U.S.
Patent No. 4,427,953 to T. Hudspeth and H. Keeling
entitled "MICROWAVE DIPLEXER." The diplexers
146 serve to properly route incoming signals in the
uplink frequency band (received by the antenna array
140, transformed by the matrix 110, and impressed
upon conductors of conductor group 156) to the re-
ceive network 148. Similarly, the diplexers 146 serve
to route the set of signals in the downlink frequency
band (generated by the transmit network 150 and im-
pressed upon conductor group 154) to the Butler ma-
trix 110 where they are transformed and impressed
on conductor group 158 for delivery to the antenna ar-
ray 140. Note that in Fig. 11 the output of ports B and
C of the Butler matrix 110 is reversed in order to ob-
tain a continuous scan of the virtual phase center with
frequency. This is accomplished by having port B
Connected by conduit 158b to feed horn 142¢ and
having port C connected via conduit 58¢ to feed horn
142b as shown. The need to reverse the outputs of
the beam ports B and C is clear when one observes
that in Fig. 10 the curves 122 and 124 representing
for the output signals of ports B and C are reversed
with respect to the ordering of the output signals of
ports Aand D, from high to low values of input phase
¥. The two 180° phase shifters 159a and 159b cor-
rect for phase reversals in the output signals of ports
A and B, which occur on account of the operation of
the Butler matrix 110.

Fig. 12 is a block diagram for one possible em-
bodiment which shows the various components and
signal paths of the receive network 148 of antenna
system 138 in Fig. 11. The network 148 includes: a
group 160 of preamplifiers 162 for boosting the level
of the received signals delivered by conduits 152; a
group 164 of frequency translators 166 for reducing
the carrier frequency of received signals from pream-
plifiers 162 to an intermediate or baseband frequency
range; a group 168 of four bandpass filters 170 for re-
jecting side lobes or other frequency translation prod-
ucts outside of the desired frequency range; and a
group 172 of three shift-producing components or
elements 172, all connected together as shown to
produce a baseband signal on output terminal or port
176. The shift producing elements 174 may either be
time delay elements or frequency-dependent phase
shif ters. The receiver network 148 is tuned to the fre-
quency bands of the respective uplink communication
channels, thereby permitting simultaneous reception
of signals from a plurality of ground stations.

Fig. 13 is a block diagram of the transmit network
150 shown in Fig. 11. The network 150 includes: a
group 180 of shift-producing components or ele-
ments 182; a group 184 of four frequency shif ters
186 for increasing the carrier frequency of signals im-
posed on group of conduits 188 to a higher frequency
range, a group 190 of bandpass filters 192 for remov-
ing unwanted signals outside of the desired frequen-
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cy range generated by the operation frequency trans-
lators 186; and a group 194 of power amplifiers 196
to boost the power of the signals impressed on con-
ductor group 154. In the transmit network 150, the
signal to be transmitted is imposed upon input termi-
nal or port 198.

Figs. 12 and 13 also illustrate one possible meth-
od for producing the port-to-port input phase value ¥
as a function of frequency through the introduction of
time delays or frequency-dependent phase shifts.
These are introduced through the shift-producing
elements 174 in Fig. 12 and the shift-producing ele-
ments 182 in Fig. 13. In Fig. 13, the time delays or
phase shifts are introduced at baseband (or some in-
termediate frequency), and then each signal in the re-
sultant signal set is imposed on a conduit of conduit
group 188 in order to be frequency-translated in par-
allel by frequency translators 186 up to the desired
frequency range. This is done so that a particular
bandwidth will produce the desired range of phase
distributions in the signal set applied to the Butler ma-
trix 110 through conductor group 154 and therefore
result in the scanning of the phase center of the array
across to the desired range. This method can be ad-
vantageously applied, for example, in the MAST sys-
tem discussed in the background portion of the spec-
ification.

The MSAT system satellite discussed above will
transmit in the UHF band at 866 to 870 MHz (or in the
L-band if desired). The change in phase of a sinusoid
due to a time delay such as those in Figs. 12 and 13
can be calculated by the following formula where in-
put phase value is expressed in radians:

A¥Y = n2rt  (7)
In order to produce a sufficiently large beam scan an-
gle when using the Butler matrix 110 shown in Fig. 8,
a fairly wide range of phase distributions is required.

One approach for determining what time delays
or phase shifts are required to operate the system
138 of Fig. 11 in the desired manner is to choose the
optimum range of phase distributions and find a fre-
quency at which the bandwidth in question will pro-
duce this range using a time delay or phase shifting
device. For example, the Butler matrix 110 shown in
Fig. 8 will provide the best scanning of the phase cen-
ter of the antenna array if the input phase distribu-
tions range between n/4 and 7r/4 radians. For simpli-
city, assume atime delay will be used. Hence, setting
the conditions:

nl4 = 2rfir  (8)

and
7n/4d = 2xrf,r (9)
then
t = Tn/8rf, = n/8rf; (10)
or

f.lfy = 7 (11)
Combining this relationship with the idea that
f, - f; =4MHz (12)
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i.e., in the bandwidth of downlink transmissions in the
MAST satellite, we can find that f; = 666.7 x 103 Hz
and f, = 4.6667 x 10¢ Hz. Working at this intermediate
frequency range, we can now find a time delay that
will produce the desired range of phase distributions,
namely © = 1/(8f;) = 187.5 x 102 seconds. Working
with this time delay at this intermediate frequency
band allows the bandwidth of the signal to produce
the desired port-to-port frequency-dependent phase
relationships. Each signal in the set can then be fre-
quency-translated up to the desired frequency range
(in parallel) without changing the port-to-port phase
relationship introduced by the time delays at the in-
termediate frequency band.

By using different time delays and different inter-
mediate frequencies, the signals from different trans-
mitters (or to different receivers) may be combined to
use the same Butler matrix and produce the same
type of antenna patterns, even if the transmitters are
operating at different frequencies and have different
bandwidths. Using the technique described above,
different signals with different bandwidths may be
used to produce sets of input signals with the same
range of phase distributions. Applying the combina-
tion of these sets to the Butler matrix feeding an an-
tenna array allows both signal bandwidths to produce
the same frequency scanned virtual beam patterns.
This concept is illustrated in Fig. 14 which shows a
dual-frequency transmit network 210 capable of gen-
erating two sets of output signals at differentfrequen-
cy bands. The network 210 may be used in place of
transmit network 150 in the antenna system 138
shown in Fig. 11.

The network 210 includes a first frequency net-
work portion 212, a second frequency network por-
tion 214, and a common network portion 216. Net-
work portion 212 is comprised of a group 180 of three
shift-producing devices 182 and a group 184 of fre-
quency translators 186 which operate as previously
explained in Fig. 13. Network portion 214 includes a
group 222 of shift-producing devices 224 and a group
226 of frequency translating devices 228 for produc-
ing a set of signals at a different frequency band from
those produced by network portion 212. The shift-
producing devices 182 and 224 may be time delay
units or frequency-dependent phase shift units. Net-
work portion 216 includes: a group 230 of sum-pro-
ducing elements or mixers 232 (which combine the
two different sets of signals from network portions
212 and 214 delivered to the mixers 232 via conductor
groups 234 and 236, respectively); a group 190 of
band pass filters 192; and a group 194 of power am-
plifiers 196. The various components of network 210
are connected as shown in Fig. 14 and result in the
production of two sets of signals having different fre-
quency bands which are combined, amplified and
then simultaneously impressed upon conductor
group 154 for delivery to the remainder of the system
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138 shown in Fig. 11.

The shift-producing units or devices 174, 182
and 224 may be conveniently fabricated of lumped
parameter all-pass networks employing well-known
circuitry. These units or devices are located ahead of
the transmitting power amplifiers 184 and 196 in
Figs. 13 and 14 so as to operate at relatively low pow-
er and thereby minimize power loss.

To summarize at this point, the steerable beam
antenna system described above provides a signifi-
cant reduction in satellite weight by eliminating one of
the two confocal parabolic reflectors which are used
to provide two-way communications between ground
stations and a geosynchronous satellite. Also provid-
ed is a technique for combining the power of output
signals from several individual amplifiers operated in
parallel into an individual one or small group of feed
elements so as to more efficiently produce a stronger
spot beam in a given location within the target area.
In addition, the system described above provides for
a technique wherein several antenna elements are
used for both receiving and transmitting electromag-
netic radiation. By providing two functions with sev-
eral common elements, weight, space and cost of the
satellite are reduced.

Although the antenna system described above is
highly effective, it produces beams which, at the outer
edges of the target area, have undesirably high side
lobes. The presentinvention, however, provides a sol-
ution to this problem, and in this connection reference
is now made to Fig. 15, wherein a Butler matrix 110
is shown having four inputs a’, b’, ¢’, and d' and four
outputs a, b, ¢, and d. The Butler matrix 110 is com-
prised of four 90° phase lead hybrids 112 and two
negative 45° phase shif ters 114 interconnected as
shown. The outputs of the Butler matrix a-d are rout-
ed to feed elements 116-119. The feed elements 116-
119 deliver the electromagnetic radiation to a confo-
cal reflector (not shown) which reflects and redirects
the radiation to the target area. Outputs a and d are
routed through 180° phase shif ters 115 before they
deliver the outputs of their respective Butler matrix
ports to their respective feed elements. As previously
disclosed, the Butler matrix 110 is used to perform a
spatial discrete Fourier transform on the incoming
signals a’-d’ to produce a focal plane field distribution
equivalent to the common focal plane distribution in
a dual confocal reflector system. If the Butler matrix
feed arrangement as shown in Fig. 15 is used, some
undesirably high side lobes will be present in the
scanning beam whenever it scans towards the edge
of the target area as mentioned above. The presence
of these undesirable side lobes can be explained by
referring to Fig. 16.

Shown in Fig. 16a is a hypothetical amplitude dis-
tribution which may be applied to Butler matrix 110 via
its input ports a’-d’. This hypothetical amplitude dis-
tribution will be used as a reference in discussing the
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output distributions shown in Figs. 16b-16e. As can
be seen in Fig. 16a, the input distribution maintains a
constant amplitude from port-to-port and a constant
port-to-port phase gradient. Fig. 16b shows the output
that would be present on feed elements 116-119 if the
input to the Butler matrix 110 was fed by four constant
amplitude signals which shared a constant phase gra-
dient of -45°. Note that for this hypothetical input
phase gradient, all of the power radiated from horns
116-119 would be output from port 2. Assuming that
a phase gradient of 45° was presented to the signals
that were input to the Butler matrix 110, Fig. 16¢
shows that all of the power output from the Butler ma-
trix 110 would be output from port 3, and no power
would emanate from ports 1, 2 or 4. Fig. 16d shows
that if the four inputs to the Butler matrix a’-d’ share
a 0° phase gradient (i.e. they are all in phase), each
output port then contributes to the total output power.
Note that Fig. 16d shows there is a 180° phase rever-
sal on the outside ports. Also shown in Fig. 16d is the
electrical phase center 300 of the array for the input
phase gradient of 0°. Fig. 16e shows the output of the
Butler matrix for an input phase gradient of 90°. Note
that like Fig. 16d, each of the ports contributes some
power to the overall output of the array, and that there
is a 180° phase reversal on left-side port 2. Shown at
302in Fig. 16e is the approximate location of the elec-
trical phase center of the array for an input phase gra-
dient of 90°.

The case in Fig. 16e illustrates the presence of
undesirable side lobes for an input phase gradient of
90°. In this case, unlike the cases in Figs. 16b-16d,
the excitation of the horns 116-119 is asymmetric
about the electrical phase center of the array. This
asymmetry in the feed excitations causes an asym-
metry in the beam patterns for these intermediate
beam positions which occur near the edge of the ar-
ray. In other words, as the electrical phase sensor of
the array scans towards the edge of the array, the
beam shape degrades or dilates. This dilation is un-
desirable because in order to accommodate it, the
system bandwidth and consequently system capacity
must be sacrificed. Anovel approach has been devel-
oped and is herein disclosed for eliminating this beam
dilation. This novel approach will now be described in
conjunction with Fig. 17.

Now referring to Fig. 17, a standard eight-port
Butler matrix 110 is shown having eight input ports
310 and eight output ports 312. Eight-port Butler ma-
trices of this nature are well-known to those in the art
of satellite communications. Four of the outputs of the
eight-port Butler matrix 116-119 are shown terminat-
ed at output feeds 1-4. This correlates to the arrange-
ment used in Fig. 15. Two of the remaining outputs
from the Butler matrix are terminated into output
feeds which flank output feeds 116-119 and are
shown as output feeds 314 and 316. The remaining
two outputs of the Butler matrix are terminated into
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the non-radiating load elements 318, 320.

The novel technique disclosed herein for elimin-
ating the undesirable dilation of the arrayed beam in-
volves using additional feed elements in the following
unique manner. As can be seen from Fig. 17, primary
feed elements 116-119 adequately cover the target
area (continental United States) 322. Antenna feeds
314 and 316 are used to flank the primary feeds and
to create beam patterns that do not concentrate their
energy on the target area. This is illustrated in Fig. 17
by noting that the beam pattern projected by feed ele-
ment 314 does not in fact fall upon the continental Uni-
ted States. Likewise, the beam pattern emanating
from feed element 316 is shown off of the east coast
of the continental United States and predominantly
falling within the Atlantic Ocean. Note that the reflec-
tor has been omitted from Fig. 17 for the sake of clar-
ity and explanation, but would in fact be employed in
a normal working system.

The primary beams 324-330 fall upon the target
area generally along a common axis. These beams
emanate from the feed elements 116-119 and are
used to transmit information throughout the target
area. The outer feeds 314 and 316 are used only for
beam shaping and consequently are not used for in-
formation transmission. In Fig. 17, beam patterns 332
and 334 are drawn to show what the beam pattern
would look like if a sufficiently high amount of energy
was delivered to feed element 314 and 316. However,
in the disclosed system, beam 332 and 334 are never
used as primary beams, but rather they are used as
secondary beams and consequently they are excited
with only a fraction of the energy which is normally de-
livered to the primary beams. Feeds 314 and 316 are
used to produce secondary beams for the purpose of
beam shaping as the phase center of the antenna ar-
ray moves between intermediate beam positions.
Beam shaping is accomplished by virtue of the sec-
ondary beam destructively interacting with the unde-
sirable side lobes which accompany the primary
beams when the primary beams scan towards the
outer ends of the antenna array. The inclusion of
these feeds 314, 316 provides for a more symmetric
array excitation, and hence a better pattern shape re-
sults at the intermediate beam positions. It is impor-
tant to note that in addition to destructively combining
with the undesirable side lobes of its adjacent neigh-
bors, a secondary beam also acts to reduce the side
lobes which are produced by its more remote neigh-
boring beams of the array, although the further away
from a given secondary beam the side lobe occurs,
the less the secondary beam’s effect on that side
lobe.

Although two of the outputs of the Butler matrix
110 are shown in a terminated state 318, 320, they
along with feed elements 314 and 316 can be used to
perform beam shaping. If all eight outputs of the But-
ler matrix 110 were used, the system’s overall ability
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to eliminate beam dilation would be even greater than
it is when only six of the outputs of the Butler matrix
110 are used. Terminating the two outputs as shown
in Fig. 17 introduces a small power loss. For the case
illustrated in Fig. 17, if the input phases are restricted
such that beams 322 and 330 represent the maximum
beam scan position, the maximum power loss is -.33
dB. If one watt of power is presented to feed element
116, then .0732 watt would be dissipated in the loads
shown at 318 and 320. If all eight ports of the Butler
matrix 110 are used for beam shaping, this loss will
not occur.

The foregoing embodiments of the present inven-
tion have been described with respect to a mobile sat-
ellite communications system for transmitting and re-
ceiving between multiple ground stations at certain
specified frequencies in the L band. Those skilled in
the art will appreciate that the present invention may
be readily adapted for use in land or satellite commu-
nication systems operated in other frequency bands,
such as the C or Ku bands, for example. The number
of additional radiating elements, which are added to
eliminate side lobes, is not limited to one or two. Any
number of additional radiating elements may be add-
ed, each of which will act to further reduce undesir-
able side lobes. The size of the main reflector, the ar-
rangement and type of antenna arrays, and the spe-
cific receive and transmit networks utilized in the
present invention may vary substantially without de-
parting from the scope of the broader aspects of the
present invention. For example, separate feed horns
may be used to transmit and receive electromagnetic
radiation constituting the steerable beam. Also, a
conventional screen-type diplexer may be placed be-
tween the antenna array and reflector so as to divert
the incoming electromagnetic radiation to be re-
ceived to a separate receiver array arranged at a sub-
stantial angle to the plane of the first antenna array.
Such an embodiment would thus have separate
transmit and receive antenna arrays. Alternatively,
two separate main reflectors could be provided, one
to be used with a separate transmit antenna array and
the other to be used with a separate receive antenna
array. We presently do not favor this latter arrange-
ment for satellite antenna systems of the present in-
vention on account of the appreciable extra weight
and cost of providing two main reflectors. However,
such an embodiment may be quite suitable for sys-
tems of the present invention constructed on land or
on sea-going vessels.

In view of the foregoing description, it is seen that
the antenna system of the present invention is well-
suited for two-way communications between ground
stations and a geosynchronous satellite. The antenna
system of the present invention has the advantages
of effectively combining the power of the output sig-
nals of a plurality of power amplifiers simultaneously
operated in parallel. It also provides a single reflector
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antenna system which, through the use of a spatial
transformation means such as a Butler matrix, is
functionally equivalent to the dual confocal reflector
system described in the background portion of the
specification, including achieving a magnification of
the effective aperture of the elements. The antenna
system of the present invention eliminates the need
for the use of a subreflector without providing addi-
tional radiating elements, thus saving weight, space
and cost. Since the antenna system of the present in-
vention uses a scannable virtual beam technique, it
also reduces the physical size of the antenna system
by minimizing the number of radiating elements and
reflectors which must be used. The present system
also acts to reduce the undesirable side lobes that oc-
cur as the radiated beam scans towards the edge por-
tions of the target area. This side lobe suppression is
achieved by placing additional radiating elements
along with the main array and using the additional ra-
diating elements to produce beams of energy which
cancel the undesirable side lobes which accompany
the primary beams. Thus, an antenna system of the
present invention results in a lighter weight, more ef-
ficient satellite communication system. Finally, the
use of time delays or phase shifts at baseband or in-
termediate frequencies allows the output of multiple
transmit networks to be applied to a single array of ra-
diating elements to produce the same antenna pat-
tern at different frequencies, thus enabling the anten-
na system to be used in satellite communication sys-
tems requiring a multiple, two-way, simultaneous
communication channel between many widely sepa-
rated ground stations within the scanning angle of the
virtual beams.

Claims

1. An antenna system comprising:
areflector (32) having a focal point (F) associated
therewith;
an antenna array having a plurality of radiating
elements (116,117,118,119) and responsive to
signals provided thereto for producing beams
(324,326,328,330) of electromagnetic radiation
used for information transmission and covering a
target area, wherein said array is operatively dis-
posed near the focal point (F) of said reflector and
at least certain of said antenna beams including
undesirable side lobes;
means (110) operatively connected to said anten-
na array for performing an approximate spatial
transformation on the amplitude and phase dis-
tribution of said signals provided to said antenna
array
characterized by
at least one additional radiating element
(314,316) positioned along with said array

10

15

20

25

30

35

40

45

50

55

12

22

(116,117,118,119), said additional radiating ele-
ment (314,316) being operatively disposed near
the focal point (F) of said reflector;

said additional radiating element (314,316) being
responsive to said signals to produce a first ad-
ditional beam (332,334) of electromagnetic radi-
ation, not used for information transmission, and
having a center portion falling outside of said tar-
get area and a fringe portion overlapping at least
a first portion of said target area, said fringe por-
tion of said first additional beam (332,334) com-
bining with said certain of said antenna beams
(324,326,328,330) to reduce said side lobes and
said means (110) for performing approximate
spatial transformation on amplitude and phase
distribution is also operatively connected with
said additional radiating element (314,316) to
perform a transformation to the signals provided
to the additional radiating element (314,316).

A system as in claim 1, wherein each of said ra-
diating elements (314,316) is a feed horn ar-
ranged in a hexagonal pattern.

Asystem as in claim 1, wherein said approximate
spatial transformation means (110) is a Butler
matrix having a plurality of input ports and a plur-
ality of output ports.

A system as in claim 3, wherein said output ports
of said Butler matrix are connected to said at
least one additional radiating element (314,416)
and said radiating elements (116,118,119) of said
antenna array and wherein said spatial transfor-
mation is a discrete Fourier transformation.

A system as in claim 4, further including means
for feeding said input ports of said Butler matrix
with a set of signals having a predetermined
phase relationship defined by the formula:

Xn = sin (ot + n¥) n=20,1273
where n identifies the relative position of each
signal within said set of signals, W is an input
phase value in the range from 0 to 2 pi, and o is
the frequency of the signal.

A system as in claim 5, wherein the input phase
value ¥ varies as a function of frequency o.

A system as in claim 3, further including:

first means (150,212,214) for generating from a
first signal having a first nominal frequency, a
first set of second signals shifted in phase from
one another for delivery to said transformation
means in order to enable said system to produce
a frequency scanning virtual beam containing in-
formation encoded in said first signal.
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A system as in claim 7, wherein said first means
for generating includes a plurality of phase shift-
producing elements (174,182,224), each capable
of effectively phase-shifting a signal passed
therethrough and each being associated with one
of said second signals.

A system as in claim 8, wherein each phase shift-
producing element (174,182,224) is a time delay
device.

A system as in claim 3, wherein certain of said
output ports are respectively connected to said
radiating elements (116,117,118,119) and said
one additional radiating element (314,316) and at
least one other of said output is connected to a
nonradiating load.

A system as in claim 1, wherein said beams
(322,324, 326,328) and said one additional beam
(332,334) are substantially aligned along a com-
mon reference axis at the respective points of im-
pingement of said beams on said target area.

A system as in claim 1, including a second addi-
tional radiating element (314,316) positioned
along with said array and spaced apart from said
one dditional radiating element, said second ad-
ditional radiating element (314,316) being opera-
tively disposed near the focal point of said reflec-
tor and responsive to said signals to produce a
second additional beam (332,34) of electromag-
netic radiation notused for information purposes
having a center portion falling outside of said tar-
get area and a fringe portion overlapping at least
a second portion of said target area spaced from
said first portion of said target area, said fringe
portion of said second additional beam combin-
ing with said certain of said antenna beams to re-
duce said side lobes.

A system as in claim 1, wherein said beams
(322,324, 326,328) and said first and second ad-
ditional beams (332,334) are substantially
aligned along a common reference axis at the re-
spective points of impingement of the beams on
said target area.

A method of operating a steerable beam antenna
system of the type including a reflector (32) hav-
ing a focal point (F) and a plurality of radiating ele-
ments (116, 117,118,119) responsive to signals
provided thereto, said plurality of radiating ele-
ments (116,117,118,119) being disposed gener-
ally at said focal point (F) of said reflector (32) and
forming scanning beams (322, 324,326,328) of
electromagnetic energy directed by said reflector
at a target area to scan across and collectively
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cover said target area, said target area having at
least one side wherein the scanning beams
(322,324,326,328) used for information transmis-
sion which are directed to said one side include
undesirably high side lobes of electromagnetic
energy, comprising the steps of:
(a) providing a set of first signals having a pre-
determined phase relationship with respect to
each other and containing information to be
transmitted;
(b) generating a set of second signals from
said set of first signals by at least approxi-
mately performing a spatial transformation on
the amplitude and distribution of said set of
first signals;
(c) creating said scanning beam by transmit-
ting preselected ones of said second set of
signals towards said reflector by passing said
preselected ones of said second set of signals
through said plurality of radiating elements
(116,117,118,119)
characterized by
(d) creating at least one additional beam
(332,334) by transmitting at least one signal
in said second set of signals towards said re-
flector by passing said at least one signal
through an additional radiating element
(314,316) located along with said plurality of
radiating elements, said additional beam be-
ing directed so that the center portion thereof
falls outside of the target area, and the fringe
portion of the additional beam falls upon said
one side of said target area, said fringe por-
tion of said additional beam combining with
said scanning beam to reduce said side lobes
to a desirable level, wherein said at least one
additional beam is not used for information
transmission.

A method as in claim 14, wherein step (b) is per-
formed by using a Butler matrix (110) to generate
said second set of signals from said set of first
signals, and wherein said spatial transformation
is discrete Fourier transformation.

A method as in claim 14, wherein the predeter-
mined phase relationship of said set of first sig-
nals is at least substantially defined by:

Xn(t) = sin (ot + n¥) n=20123
where n identifies the relative position of each
first signal within the set of first signals, and ¥ is
the input phase value in the range from 0 to 2 pi,
and o is the frequency of the signal.

A method as in claim 14, wherein step (a) in-
cludes the substeps of:

(1) providing a baseband signal; and

(2) introducing a plurality of time delays into
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said baseband signal to generate at least a
plurality of said first signals.

Amethod as in claim 14, wherein steps (c) and (d)
are performed such that said scanning beam and
additional beams impinge said target area along
substantially a common axis.

Amethod as in claim 14, including the step of cre-
ating a second additional beam (332,334) direct-
ed so that the center portion thereof falls outside
the target area, and the fringe portion of said sec-
ond additional beam combines with said scan-
ning beam to reduce said side lobes to said de-
sirable level, wherein said second additional
beam is not used for information transmission.

A method as in claim 19, wherein the first and
second additional beams are directed so that said
fringe areas thereof are spaced apart from each
other.

Patentanspriiche

1.

Ein Antennensystem umfassend:

einen Reflektor (32), der einen damit assoziierten
Brennpunkt (F) hat;

ein Antennenfeld, das eine Mehrzahl von Strah-
lerelementen (116,117,118,119) hat und auf Si-
gnale anspricht, die diesem zur Erzeugung von
zur Informationsiibertragung verwendeter Biin-
del (324,326,328,330) elektromagnetischer
Strahlung zugefiihrt werden und ein Zielgebiet
tiberdecken, worin das Feld operativ in der N&he
des Brennpunkts (F) des Reflektors angeordnet
ist und wenigstens bestimmte der Antennenbiin-
del unerwiinschte Nebenkeulen aufweisen;

eine operativ mit dem Antennenfeld verbundene
Einrichtung (110) zur Durchfiihrung einer appro-
ximativen, raumlichen Transformation der Ampli-
tude und der Phasenverteilung der Signale, die
dem Antennenfeld zugefiihrt werden,
gekennzeichnet durch

wenigstens ein zusatzliches Strahlerelement
(314,316), das zusammen mit dem Feld
(116,117,118,119) positioniert ist, wobei das zu-
sétzliche Strahlerelement (314,316) operativ in
der Nahe des Brennpunkts (F) des Reflektors an-
geordnet ist;

wobei das zusatzliche Strahlerelement (314,316)
auf die Signale anspricht, so dal ein erstes zu-
sétzliches, nicht zur Informationsiibertragung
verwendetes und einen Zentrumsabschnitt, der
aullerhalb des Zielgebiets auftrifft, und einen
Randabschnitt, der wenigstens mit einem ersten
Abschnitt des Zielgebiets iiberlappt, aufweisen-
des Biindel (332,334) elektromagnetischer
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Strahlung erzeugt wird, wobei sich der Randab-
schnitt des ersten zusatzlichen Biindels
(332,334) mit bestimmten der Antennenbiindel
(324,326,328,330) verbindet, so daR die Neben-
keulen reduziert werden und

die Einrichtung (110) zur Durchfiihrung der ap-
proximativen, rdumlichen Transformation der
Amplitude und der Phasenverteilung auch opera-
tiv mit dem zusétzlichen Strahlerelement
(314,316) verbunden ist, um eine Transformation
der Signale, die dem zusétzlichen Strahlerele-
ment (314,316) zugefiihrt werden, durchzufiih-
ren.

Ein System nach Anspruch 1, in welchem jedes
Strahlerelement (314,316) ein Speisehorn ist,
das in einem hexagonalen Muster angeordnet ist.

Ein System nach Anspruch 1, in welchem die ap-
proximative, rdumliche Transformationseinrich-
tung (110) eine Butler-Matrix mit einer Mehrzahl
von Eingangsanschlissen und einer Mehrzahl
von Ausgangsanschliissen ist.

Ein System nach Anspruch 3, in welchem die
Ausgangsanschliisse der Butler-Matrix mit dem
wenigstens einen zusétzlichen Strahlerelement
(314,316) und den Strahlerelementen (116,118,
119) des Antennenfeldes verbunden sind und in
welchem die rdumliche Transformation eine dis-
krete Fourier-Transformation ist.

Ein System nach Anspruch 4, weiter umfassend
eine Einrichtung zum Speisen der Eingangsan-
schliisse der Butler-Matrix mit einem Satz von Si-
gnalen mit einer vorbestimmten Phasenbezie-
hung, die durch die Formel
X, = sin{ot + n¥),n = 0,1, 2,3,

definiert ist, worin n die relative Position eines je-
den Signals in dem Satz der Signale kennzeich-
net, ¥ ein Eingangs-Phasenwert in dem Bereich
von 0 bis 2 pi ist und o die Frequenz des Signals
ist.

Ein System nach Anspruch 5, in welchem der Ein-
gangsPhasenwert ¥ als Funktion der Frequenz o
variiert.

Ein System nach Anspruch 3, weiter umfassend:
eine erste Einrichtung (150,212,214) zum Erzeu-
gen eines ersten Satzes von zweiten zueinander
phasenverschobenen Signalen aus einem ersten
Signal mit einer ersten Nennfrequenz zur Liefe-
rung an die Transformationseinrichtung, um dem
System zu ermdglichen, ein virtuelles Frequenz-
abtastbiindel, das in dem ersten Signal ver-
schliisselte Information umfaft, zu erzeugen.
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Ein System nach Anspruch 7, in welchem die er-
ste Einrichtung zum Erzeugen eine Mehrzahl
von phasenverschiebungserzeugenden Elemen-
ten (174,182,224) aufweist, von denen jedes in
der Lage ist, ein durch dieses gelaufenes Signal
effektiv in der Phase zu verschieben, und jedes
mit einem der zweiten Signale assoziiert ist.

Ein System nach Anspruch 8, in welchem jedes
phasenverschiebungserzeugende Element (174,
182,224) eine Zeitverzégerungseinrichtung ist.

Ein System nach Anspruch 3, in welchem be-
stimmte der Ausgangsanschliisse entsprechend
mit den Strahlerelementen (116,117,118,119)
und dem einen zusétzlichen Strahlerelement
(314,316) verbunden sind, und wenigstens ein
anderer der Ausgange mit einer nicht strahlenden
Last verbunden ist.

Ein System nach Anspruch 1, in welchem die
Biindel (322,324,326,328) und das eine zusatzli-
che Biindel (332,334) an den entsprechenden
Auftreffpunkten der Biindel in dem Zielgebiet im
wesentlichen entlang einer gemeinsamen Refe-
renzachse ausgerichtet sind.

Ein System nach Anspruch 1, umfassend ein
zweites zusétzliches Strahlerelement (314,3186),
das zusammen mit dem Feld positioniert ist und
von dem einen zusétzlichen Strahlerelement im
Abstand angeordnet ist, wobei das zweite zu-
sétzliche Strahlerelement (314,316) operativ ne-
ben dem Brennpunkt des Reflektors angeordnet
ist und auf Signale anspricht, um ein zweites nicht
fir Informationszwecke verwendetes, zusétzli-
ches Biindel (332,334) elektromagnetischer
Strahlung zu erzeugen mit einem Zentrumsab-
schnitt, der aulerhalb des Zielgebiets auftrifft,
und einem Nebenabschnitt, der mit wenigstens
einem zweiten, von dem ersten Abschnitt des
Zielgebiets im Abstand angeordneten Abschnitt
des Zielgebiets tiberlappt, wobei sich der Neben-
abschnitt des zweiten zusatzlichen Biindels mit
den bestimmten der Antennenbiindel verbindet,
um die Nebenkeulen zu verringern.

Ein System nach Anspruch 1, in welchem die
Biindel (322,324,326,328) und das erste und
zweite zusétzliche Bindel (332,334) an den ent-
sprechenden Auftreffpunkten der Biindel in dem
Zielgebiet im wesentlichen entlang einer gemein-
samen Referenzachse ausgerichtet sind.

Ein Verfahren zum Betreiben eines einstellbaren
Richtantennensystems von dem Typ, der einen
Reflektor (32) mit einem Brennpunkt (F) und eine
Mehrzahl von Strahlerelementen (116,117, 118,
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119), die auf zu diesen zugefiihrte Signale an-
sprechen, aufweist, wobei die Mehrzahl der
Strahlerelemente (116,117,118,119) im allgemei-
nen an dem Brennpunkt (F) des Reflektors (32)
angeordnet sind und Abtastbiindel (322,324,
326,328) elektromagnetischer Energie, die durch
den Reflektor auf ein Zielgebiet gerichtet wird, bil-
den, um lber das Zielgebiet gefiihrt zu werden
und dieses gemeinsam zu Uberdecken, wobei
das Zielgebiet wenigstens eine Seite hat, in wel-
cher die zur Informationsiibertragung verwende-
ten Abtastbiindel (322,324,326,328), die auf die-
se eine Seite gerichtet sind, unerwiinscht hohe
Nebenkeulen elektromagnetischer Energie auf-
weisen, wobei das Verfahren die Schritte umfafit:
(a) Schaffen eines Satzes erster Signale, die
eine vorbestimmte Phasenbeziehung zuein-
ander haben und die zu ibertragende Infor-
mation enthalten;
(b) Erzeugen eines Satzes zweiter Signale
aus dem Satz der ersten Signale durch wenig-
stens approximatives Durchfiihren einer
radumlichen Transformation der Amplitude und
der Verteilung des Satzes der ersten Signale;
(c) Erzeugen der Abtastblindel durch Uber-
tragen von Vorausgewdhlten des zweiten
Satzes der Signale auf den Reflektor durch
Hindurchlaufenlassen der Vorausgewahlten
des zweiten Satzes der Signale durch die
Mehrzahl der Strahlerelemente (116,117,
118,119)
gekennzeichnet durch
(d) Erzeugen von wenigstens einem zusétzli-
chen Biindel (332,334) durch Ubertragen von
wenigstens einem Signal in dem zweiten Satz
der Signale auf den Reflektor durch Hindurch-
laufenlassen des wenigstens einen Signals
durch ein zusétzliches Strahlerelement
(314,316), das zusammen mit der Mehrzahl
der Strahlerelemente angeordnet ist, wobei
das zusétzliche Biindel so gerichtet ist, dal
der Zentrumsabschnitt desselben auRerhalb
des Zielgebiets auftrifft, und der Nebenab-
schnitt des zusétzlichen Biindels auf eine Sei-
te des Zielgebiets fallt, wobei sich der Neben-
abschnitt des zusétzlichen Biindels mit dem
Abtastbiindel verbindet, um die Nebenkeulen
auf ein erwilinschtes Niveau zu reduzieren, in
welchem das wenigstens eine zusétzliche
Biindel nicht zur Informationsiibertragung
verwendet wird.

15. Ein Verfahren nach Anspruch 14, in welchem

Schritt (b) unter Verwendung einer Butler-Matrix
(110) ausgefiihrt wird, um den zweiten Satz von
Signalen aus dem Satz von ersten Signalen zu
erzeugen, und in welchem die rdumliche Trans-
formation eine diskrete Fourier-Transformation
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ist.

Ein Verfahren nach Anspruch 14, in welchem die
vorbestimmte Phasenbeziehung des Satzes von
ersten Signalen wenigstens im wesentlichen de-
finiert ist durch:

Xa(t) = sin(ot + n¥),n = 0,1, 2,3,
worin n die relative Position eines jeden ersten
Signals in dem Satz der ersten Signale kenn-
zeichnet und ¥ der Eingangs-Phasenwert in dem
Bereich von 0 bis 2 pi ist und o die Frequenz des
Signals ist.

Ein Verfahren nach Anspruch 14, in welchem
Schritt (a) die Unterschritte aufweist:
(1) Erzeugen eines Basisbandsignals; und
(2) Einfiihren einer Mehrzahl von Zeitverzé-
gerungen in das Basisbandsignal, um wenig-
stens eine Mehrzahl der ersten Signale zu er-
zeugen.

Ein Verfahren nach Anspruch 14, in welchem die
Schritte (¢) und (d) so alisgefiihrt werden, daR
das Abtastbiindel und zusétzliche Biindel ent-
lang einer im wesentlichen gemeinsamen Achse
einfallen.

Ein Verfahren nach Anspruch 14,umfassend die
Schritte des Erzeugens eines zweiten zuséatzli-
chen Biindels (332,334), das so gerichtet ist, dal®
der Zentrumsabschnitt desselben aullerhalb des
Zielgebiets auftrifft und sich der Nebenabschnitt
des zweiten zusétzlichen Biindels mit dem Ab-
taststrahl verbindet, um die Nebenkeulen auf ein
erwiinschtes Niveau zu reduzieren, in welchem
das zweite zusétzliche Biindel nicht zur Informa-
tionsiibertragung verwendet wird.

Ein Verfahren nach Anspruch 19, inwelchem das
erste und das zweite zusétzliche Biindel so ge-
richtet werden, dafl} die Randbereiche derselben
voneinander im Abstand angeordnet sind.

Revendications

Un systéme d’antenne comprenant :

un réflecteur (32) ayant un foyer (F) associé;

un réseau d’antenne ayant un ensemble d’élé-
ments rayonnants (116, 117, 118, 119) et réagis-
sant a des signaux qui lui sont appliqués en pro-
duisant des faisceaux (324, 326, 328, 330) de
rayonnement électromagnétique qui sont utilisés
pour la transmission d’information et qui couvrent
une zone visée, ce réseau étant disposé fonction-
nellement prés du foyer (F) du réflecteur, et cer-
tains au moins des faisceaux d’antenne compre-
nant des lobes latéraux indésirables;
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des moyens (110) connectés fonctionnellement
au réseau d’antenne pour effectuer une transfor-
mation spatiale approchée sur la distribution
d’amplitude et de phase des signaux qui sont ap-
pliqués au réseau d’antenne,

caractérisé par

au moins un élément rayonnant supplémentaire
(314, 316) positionné en compagnie du réseau
(116, 117, 118, 119), cet élément rayonnant sup-
plémentaire (314, 316) étant disposé fonctionnel-
lement prés du foyer (F) du réflecteur; I'élément
rayonnant supplémentaire (314, 316) réagissant
aux signaux précités de fagon a produire un pre-
mier faisceau supplémentaire (332, 334) de
rayonnement électromagnétique, qui n’est pas
utilisé pour la transmission d’information, et
ayant une partie centrale qui tombe a I'extérieur
de la zone visée, et une partie marginale qui che-
vauche au moins une premiére partie de la zone
visée, cette partie marginale du premier faisceau
supplémentaire (332, 334) se combinant avec
certains des faisceaux d’antenne (324, 326, 328,
330) de fagon a réduire les lobes latéraux, et
les moyens (110) destinés a effectuer une trans-
formation spatiale approchée sur la distribution
d’amplitude et de phase sont également connec-
tés fonctionnellement a I’élément rayonnant sup-
plémentaire (314, 316) pour effectuer une trans-
formation sur les signaux qui sont appliqués a
I’élément rayonnant supplémentaire (314, 3186).

Un systéme selon la revendication 1, dans lequel
chacun des éléments rayonnants (314, 316) est
un cornet d’alimentation disposé en une configu-
ration hexagonale.

Un systéme selon la revendication 1, dans lequel
les moyens (110) effectuant une transformation
spatiale approchée consistent en une matrice de
Butler ayant un ensemble d’accés d’entrée et un
ensemble d’accés de sortie.

Un systéme selon la revendication 3, dans lequel
les acces de sortie de la matrice de Butler sont
connectés a I'élément ou aux éléments rayon-
nants supplémentaires (314, 316) et aux élé-
ments rayonnants (116, 118, 119) du réseau
d’antenne, et dans lequel la transformation spa-
tiale est une transformation de Fourier discréte.

Un systéme selon la revendication 4, comprenant
en outre des moyens pour appliquer aux accés
d’entrée de la matrice de Butler un ensemble de
signaux ayant une relation de phase prédétermi-
née qui est définie par la formule
Xn = sin (ot + n¥) n=20,1273

dans laquelle n identifie la position relative de
chaque signal dans I'ensemble de signaux, ¥ est
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une valeur de phase d’entrée dans la plage de 0
a 2 pi, et » est la fréquence du signal.

Un systéme selon la revendication 5, dans lequel
lavaleur de phase d’entrée W varie en fonction de
la fréquence .

Un systéme selon la revendication 3, comprenant
en outre :

des premiers moyens (150, 212, 214) pour géné-
rer & partir d’'un premier signal ayant une premié-
re fréquence nominale, un premier ensemble de
seconds signaux mutuellement déphasés pour
I'application aux moyens de transformation, dans
le but de permettre au systéme de produire un
faisceau virtuel a balayage de fréquence conte-
nant I'information qui est codée dans le premier
signal.

Un systéme selon la revendication 7, dans lequel
les premiers moyens de génération comprennent
un ensemble d’éléments produisant des dépha-
sages (174, 182, 224), chacun d’eux étant capa-
ble de déphaser effectivement un signal qui le
traverse, et chacun d’eux étant associé al’'un des
seconds signaux.

Un systéme selon la revendication 8, dans lequel
chaque élément produisant un déphasage (174,
182, 224) est un dispositif de retard.

Un systéme selon la revendication 3, dans lequel
certains des acces de sortie sont respectivement
connectés aux éléments rayonnants (116, 117,
118, 119) et a I'élément rayonnant supplémentai-
re (314, 316), et au moins un autre accés de sor-
tie est connecté a une charge non rayonnante.

Un systéme selon la revendication 1, dans lequel
les faisceaux (322, 324, 326, 328) et le faisceau
supplémentaire (332, 334) sont pratiquement ali-
gnés sur un axe de référence commun aux points
respectifs auxquels les faisceaux rencontrent la
zone visée.

Un systéme selon la revendication 1, comprenant
un second élément rayonnant supplémentaire
(314, 316) positionné en compagnie du réseau et
espaceé vis-a-vis de I'élément rayonnant supplé-
mentaire mentionné en premier, ce second élé-
ment rayonnant supplémentaire (314, 316) étant
disposé fonctionnellement prés du foyer du ré-
flecteur et réagissant aux signaux précités de fa-
¢on a produire un second faisceau supplémentai-
re (332, 334) de rayonnement électromagnéti-
que, non utilisé pour acheminer de I'information,
ayant une partie centrale qui tombe a I'extérieur
de la zone visée et une partie marginale qui che-
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vauche au moins une seconde partie de la zone
visée, espacée vis-a-vis de la premiére partie de
la zone visée, cette partie marginale du second
faisceau supplémentaire se combinant avec cer-
tains des faisceaux d’antenne de fagon a réduire
les lobes latéraux.

Un systéme selon la revendication 1, dans lequel
les faisceaux (322, 324, 326, 328) et les premier
et second faisceaux supplémentaires (332, 334)
sont pratiquement alignés sur un axe de référen-
ce commun aux points respectifs auxquels les
faisceaux rencontrent la zone visée.

Un procédé pour faire fonctionner un systéme
d’'antenne a faisceaux orientables, du type
comprenant un réflecteur (32) ayant un foyer (F),
etun ensemble d’éléments rayonnants (116, 117,
118, 119) réagissant a des signaux qui leur sont
appliqués, cet ensemble d’éléments rayonnants
(116, 117, 118, 119) étant disposés de fagon gé-
nérale au foyer (F) du réflecteur (32) et formant
des faisceaux d’énergie électromagnétique a ba-
layage (322, 324, 326, 328) qui sont dirigés par
le réflecteur vers une zone visée, pour balayer la
zone visée et couvrir collectivement cette zone,
la zone visée ayant au moins un cété tel que les
faisceaux a balayage (322, 324, 326, 328), utili-
sés pour la transmission d’information, qui sont
dirigés vers ce c6té comprennent des lobes laté-
raux d’énergie électromagnétique excessive-
ment élevés, comprenant les étapes suivantes :
a) on produit un ensemble de premiers si-
gnaux ayant une relation de phase mutuelle
prédéterminée et contenant de I'information a
émettre;
b) on génére un second ensemble de signaux
a partir de 'ensemble de premiers signaux, en
effectuant, au moins de fagon approchée, une
transformation spatiale sur la distribution
d’amplitude et de phase de I'ensemble de pre-
miers signaux ;
¢) on crée le faisceau a balayage en émettant
vers le réflecteur des signaux présélection-
nés du second ensemble de signaux, en fai-
sant passer ces signaux présélectionnés du
second ensemble de signaux par I'ensemble
d’éléments rayonnants (116, 117, 118, 119)
caractérisé en ce que
d) on crée au moins un faisceau supplémen-
taire (332, 334) en émettant vers le réflecteur
au moins un signal dans le second ensemble
de signaux, en faisant passer ce signal, ou
ces signaux, par un élément rayonnant sup-
plémentaire (314, 316) qui est disposé en
compagnie de I'ensemble d’éléments rayon-
nants, le faisceau supplémentaire étant dirigé
de fagon que sa partie centrale tombe a I'ex-
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térieur de la zone visée, et que la partie mar-
ginale du faisceau supplémentaire tombe sur
le c6té précité de la zone visée, cette partie
marginale du faisceau supplémentaire se
combinant avec le faisceau a balayage de fa- 5
¢on a réduire les lobes latéraux a un niveau
souhaitable, etle ou les faisceaux supplémen-
taires n'étant pas utilisés pour la transmission
d’information.
10
15. Un procédé selon la revendication 14, dans le-
quel I'étape (b) est effectuée en utilisant une ma-
trice de Butler (110) pour générer le second en-
semble de signaux a partir de 'ensemble de pre-
miers signaux, et dans lequel la transformation 15
spatiale est la transformation de Fourier discréte.

16. Un procédé selon la revendication 14, dans le-
quel la relation de phase prédéterminée de I'en-

semble de premiers signaux est au moins prati- 20
quement définie par I'expression :
Xp(t) = sin (ot + n¥) n=20123

dans laquelle n identifie la position relative de
chaque premier signal dans I'ensemble de pre-
miers signaux, ¥ est la valeur de phase d’entrée 25
dans la plage de 0 a 2 pi, et © est la fréquence

du signal.

17. Un procédé selon la revendication 14, dans le-
quel I'étape (a) comprend les sous-étapes sui- 30
vantes :
(1) on fournit un signal en bande de base; et
(2) on introduit un ensemble de retards dans
le signal en bande de base pour générer au
moins un groupe de premiers signaux. 35

18. Un procédé selon la revendication 14, dans le-
quel les étapes (c) et (d) sont accomplies de fa-
¢on que le faisceau a balayage et les faisceaux
supplémentaires rencontrent la zone visée prati- 40
quement le long d’un axe commun.

19. Un procédé selon la revendication 14, compre-
nant I'étape de création d’'un second faisceau
supplémentaire (332, 334) dirigé defagonquesa 45
partie centrale tombe a I'extérieur de la zone vi-
sée, et que la partie marginale du second fais-
ceau supplémentaire se combine avec le fais-
ceau a balayage de fagon a réduire les lobes la-
téraux a un niveau souhaitable,le second fais- 50
ceau supplémentaire n’étant pas utilisé pour la
transmission d’information.

20. Un procédé selon la revendication 19, dans le-
quel les premier et second faisceaux supplémen- 55
taires sont dirigés de fagon que leurs parties mar-
ginales soient mutuellement espacées.
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