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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of priority
from U.S. Application Serial No. 11/505,548, filed August
17, 2006, U.S. Application Serial No. 11/488,216, filed
July 18, 2006, and U.S. Application Serial No.
11/399,627, filed April 6, 2006, all entitled A CELLULAR
ANTENNA AND SYSTEMS AND METHODS THERE-
FOR.

FIELD OF THE INVENTION

[0002] This invention relates to a cellular antenna and
systems incorporating the antenna as well as to methods
of controlling the antenna. More particularly, although not
exclusively, there is disclosed an antenna providing me-
chanical azimuth adjustment of the beam of the antenna
in combination with adjustment with other antenna at-
tributes. There is also disclosed a multi-array allowing
independent beam steering of each array.
[0003] This invention also relates to a cellular commu-
nications antenna including sensors for determining the
position and/or orientation of a beam of the antenna. This
position and/or orientation information may be utilized
locally to control attributes of the antenna or may be com-
municated to a central controller which may control at-
tributes of the antenna.

BACKGROUND OF THE INVENTION

[0004] US 2005/0134512 A1 discloses a prior art an-
tenna.
[0005] The applicant’s prior application
US2004/0038714A1 (Rhodes) discloses an antenna
system providing remote electrical beam adjustment for
down tilt, beam width and azimuth.
[0006] Systems for effecting mechanical adjustment of
antenna beam azimuth are known but have not been well
integrated into a cellular antenna. Whilst Rhodes disclos-
es integrated antenna systems providing electrical at-
tribute adjustment (e.g. down tilt, azimuth and beam
width) there is a need for an antenna providing good in-
tegration of mechanical and electrical attribute adjust-
ment. There is also a need for independently controlling
attributes of multi-array antennas.
[0007] When installing cellular communications anten-
nas it has been the practice to orient the antenna with
respect to a support structure using a compass and me-
chanical inclinometer. This may be difficult and precari-
ous at the top of a tower and it may be inconvenient to
make an adjustment if later required.
[0008] Where an antenna may be oriented by an ac-
tuator, devices for measuring the movement have been
provided but these may not always provide correct infor-
mation as to the actual orientation of the antenna due to
limited calibration at setup or due to non-linearities. Fur-

thermore, if the orientation of an antenna changes in use
(for example due to bird strike) this may not be known
by the network operator and network performance may
be compromised.
[0009] Knowledge of the true position and orientation
of an antenna would simplify installation and allow im-
proved control strategies to be employed.

SUMMARY OF THE INVENTION

[0010] The present invention provides a cellular anten-
na according to independent claim 1 and a method of
adjusting beam azimuth for a cellular multi-array antenna
according to independent claim 6. Further embodiments
of the invention are realised according to the correspond-
ing dependent claims.
[0011] There is provided an antenna allowing mechan-
ical azimuth adjustment in combination with adjustment
of one or more other antenna attribute. An integrated
control arrangement is provided which can utilize either
serial, wireless or RF feed lines to convey communica-
tions. Systems incorporating such antennas and meth-
ods of controlling them are also provided. The following
examples are useful for understanding the invention.
[0012] According to a first example there is provided a
cellular antenna comprising:

an array antenna rotatably mountable with respect
to an antenna support so as to enable azimuth steer-
ing of the beam of the antenna;
an azimuth position actuator configured to rotate the
array antenna with respect to an antenna support;
and
an actuator controller configured to receive control
data associated with an address assigned to the ac-
tuator controller over an addressable serial bus and
to control the azimuth position actuator in accord-
ance with azimuth control data received.

[0013] According to a second example there is provid-
ed a network management system comprising a plurality
of base station antenna sites, each with a group of an-
tenna systems as described above.
[0014] According to a third example there is provided
a cellular antenna comprising:

an array antenna rotatably mountable with respect
to an antenna support so as to enable azimuth steer-
ing of the beam of the antenna having a first array
of radiating elements for operation over a first fre-
quency band and a second array of radiating ele-
ments for operation over a second frequency band;
an azimuth position actuator configured to rotate the
array antenna with respect to an antenna support;
a first feed network configured to supply signals to
and receive signals from the first array of radiating
elements including an azimuth phase shifter to vary
the phase of signals passing through the feed net-
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work;
an azimuth phase shifter actuator configured to ad-
just the azimuth phase shifter; and
an actuator controller configured to receive control
data and to control the azimuth position actuator in
accordance with mechanical azimuth control data re-
ceived to rotate the array antenna with respect to an
antenna support to alter the direction of the antenna
and to control the azimuth phase shifter actuator in
accordance with electrical azimuth control data re-
ceived to adjust the azimuth beam direction of the
first array with respect to the azimuth beam direction
of the second array.

[0015] According to a fourth example there is provided
a method of adjusting beam azimuth for a multiband an-
tenna having a first array and a second array in which
the first array has a feed network including one or more
variable element for adjusting beam azimuth, the method
comprising:

mechanically orienting the antenna so as to achieve
a desired azimuth beam direction for the second ar-
ray; and
setting the variable element so as to achieve a de-
sired beam azimuth for the first array, different to the
beam azimuth for the first array.

[0016] In another aspect of the present invention, there
is provided an antenna allowing electrical and/or me-
chanical beam steering to provide independent steering
of the beams of an integrated multi-array antenna. An
integrated control arrangement is provided which can uti-
lize either serial, wireless or RF feed lines to convey com-
munications. Systems incorporating such antennas and
methods of controlling them are also provided. A number
of embodiments are described and the following embod-
iments are to be read as non-limiting exemplary embod-
iments only.
[0017] According to a fifth example there is provided a
cellular antenna comprising:

a. a first array of radiating elements configured to
develop, when excited, a first beam;
b. a first feed network associated with the first array
having one or more first controllable elements for
adjusting the azimuth direction of the first beam;
c. a second array of radiating elements configured
to develop, when excited, a second beam;
d. a second feed network associated with the second
array having one or more second controllable ele-
ments for adjusting the azimuth direction of the sec-
ond beam, wherein the first controllable elements
may be controlled independently of the second con-
trollable elements to allow independent azimuth
steering of the first and second beams of the arrays;
and
e. an antenna housing accommodating the first and

second arrays.

[0018] According to a sixth example there is provided
a method of azimuth steering the beams of an integrated
cellular antenna having a first array of radiating elements
arranged in multiple columns and a second array of ra-
diating elements arranged in multiple columns wherein
columns of the first array are fed with phase shifted sig-
nals such that the azimuth direction of the beam of the
first array is oriented in a first direction and wherein col-
umns of the second array are fed with phase shifted sig-
nals such that the azimuth direction of the beam of the
second array is oriented in a second direction, different
to the first direction.
[0019] According to a seventh example there is pro-
vided a cellular antenna comprising;

a. an array antenna having first and second arrays
of radiating elements configured to develop, when
excited, first and second beams respectively, the ar-
ray antenna being rotatably mountable with respect
to an antenna support so as to enable mechanical
azimuth steering of the first and second beams;
b. a mechanical azimuth actuator configured to ro-
tate the array antenna with respect to an antenna
support;
c. a first feed network configured to supply signals
to and receive signals from the first array of radiating
elements including a first variable element to vary
the phase of signals passing through the feed net-
work;
d. a first variable element adjuster configured to ad-
just the first phase shifter; and
e. an actuator controller configured to receive control
data and to control the mechanical azimuth actuator
in accordance with mechanical azimuth control data
received to rotate the array antenna with respect to
an antenna support to alter the orientation of the an-
tenna and to control the first variable element adjust-
er in accordance with electrical azimuth control data
received to adjust the azimuth beam direction of the
first array with respect to the azimuth beam direction
of the second array.

[0020] According to an eighth example there is provid-
ed a method of adjusting beam azimuth for a multi-array
antenna having first and second arrays of radiating ele-
ments configured to develop, when excited, first and sec-
ond beams respectively wherein the first array has a feed
network including one or more variable elements for ad-
justing first beam azimuth, the method comprising:

a. mechanically orienting the antenna so as to
achieve a desired azimuth beam direction for the
second beam; and
b. setting the one or more variable elements so as
to achieve a desired beam azimuth for the first beam,
different to the beam azimuth for the second beam.
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[0021] According to a ninth example there is provided
a method of setting different beam azimuth orientations
for first and second beams of a multi-array antenna hav-
ing first and second arrays of radiating elements in which
the first array has a first feed network including one or
more variable elements for adjusting beam azimuth and
the second array has a second feed network including
one or more variable elements for adjusting beam azi-
muth, the method comprising:

a. mechanically orienting the antenna so as to orient
a line normal to the antenna between desired beam
directions for the first and second beams;
b. setting the one or more variable elements of the
first feed network so as to achieve a desired beam
azimuth for the first beam; and
c. setting the one or more variable elements of the
second feed network so as to achieve a desired
beam azimuth for the second beam.

[0022] According to a tenth example there is provided
a cellular antenna comprising an antenna housing; a plu-
rality of panels of radiating elements relatively rotatable
with respect to the antenna housing and azimuth actua-
tors for independently rotating each panel with respect
to the antenna housing.
[0023] According to an eleventh example there is pro-
vided a method of steering the beam of an antenna com-
prising a plurality of panels of radiating elements rela-
tively rotatable with respect to an antenna housing having
azimuth actuators for independently rotating each panel
with respect to the antenna housing, the method com-
prising rotating selected panels with respect to the an-
tenna housing to achieve a desired beam pattern and or
orientation.
[0024] According to a twelfth example there is provided
a cellular antenna comprising:

a. a central panel having a first array of radiating
elements;
b. a pair of outer panels of radiating elements rotat-
ably connected to edges of the central panels; and
c. an actuator arrangement for adjusting the relative
positions of the outer panels with respect to the cen-
tral panel.

[0025] According to a thirteenth example there is pro-
vided a method of adjusting beam azimuth for a multi-
array antenna having first and second arrays of radiating
elements configured to develop, when excited, first and
second beams respectively, the method comprising:

a. orienting the first beam to achieve a desired azi-
muth beam direction for the first beam; and
b. orienting the second beam to achieve a desired
azimuth beam direction for the second beam, differ-
ent to the beam azimuth for the first beam.

[0026] In another aspect of the present invention, there
is provided a cellular communications antenna including
sensors for determining position and/or orientation of the
antenna. This allows simplified installation and advanced
control strategies to be employed. A number of embod-
iments are described and the following embodiments are
to be read as non-limiting exemplary embodiments only.
[0027] According to a fourteenth example there is pro-
vided a cellular communications antenna comprising:

an array antenna for producing a beam;
an antenna orientation sensor mounted upon or near
the antenna and configured to develop a signal char-
acterizing the orientation of the antenna;
an actuator for adjusting an attribute of the array an-
tenna or the beam; and
an antenna controller responsive to the sensor signal
and configured to control the actuator to achieve a
desired antenna or beam configuration.

[0028] According to a fifteenth example there is pro-
vided a cellular communications antenna comprising:

an array antenna for producing a beam;
an antenna position and orientation sensor mounted
upon or near the antenna and configured to develop
a signal characterizing the position and orientation
of the antenna;
an actuator for adjusting an attribute of the array an-
tenna or the beam; and
an antenna controller responsive to the sensor signal
and configured to control the actuator to achieve a
desired antenna or beam configuration.

[0029] According to a sixteenth example there is pro-
vided a cellular communications antenna system com-
prising:

a plurality of array antennas;
a plurality of antenna orientation sensors configured
to measure the orientation of each array antenna;
actuators for adjusting an attribute of the array an-
tennas; and
a control arrangement configured to receive orien-
tation information from the orientation sensors and
adjust an attribute of the array antennas to achieve
a desired antenna configuration.

[0030] According to an eighteenth example there is
provided a cellular communications system comprising:

a plurality of antenna systems as hereinbefore de-
scribed; and
a central controller in communication with the anten-
na systems to receive orientation information and
send control information to adjust one or more at-
tribute of the antenna systems.
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[0031] According to a nineteenth example there is pro-
vided a method of controlling the orientation of a cellular
communications antenna having an orientation sensor
for measuring the orientation of the antenna and an ac-
tuator for adjusting the orientation of the antenna, com-
prising:

determining the orientation of the antenna; and, if
the orientation of the antenna is not within a desired
range,
driving the actuator and monitoring the orientation
of the antenna measured by the orientation sensor
until the orientation of the antenna is within the de-
sired range.

[0032] According to a twentieth example there is pro-
vided a method of controlling a beam attribute of a cellular
communications antenna having an orientation sensor
for measuring the orientation of the antenna and an ac-
tuator for adjusting a variable element of an antenna feed
network of the antenna, comprising:

determining the orientation of the antenna; and
controlling the actuator of the antenna to achieve a
desired beam pattern in dependence upon the ori-
entation of the antenna.

[0033] According to a twenty first example there is pro-
vided in a cellular communications system a method of
determining the configuration of a plurality of antenna
systems comprising a plurality of antennas having orien-
tation sensors for measuring the orientation of the anten-
nas and position sensors for determining the positions
of the antennas, the method comprising:

obtaining position and orientation readings for an-
tennas of each antenna system and communication
the readings to a central controller.

[0034] According to a twenty second example there is
provided a method of configuring a cellular communica-
tions antenna including an orientation sensor for meas-
uring the orientation of the antenna and a position sensor
for determining the position of the antenna comprising:

determining the position and orientation of the an-
tenna;
storing position and orientation information in a con-
troller; and controlling actuators to adjust attributes
of the antenna to provide desired beam coverage
based on the stored position and orientation infor-
mation.

[0035] According to a twenty third example there is pro-
vided a method of controlling coverage in a cellular com-
munications system including one or more base station,
comprising the steps of:

a. obtaining information as to the position and orien-
tation of an antenna of the one or more base station;
b. obtaining desired beam coverage information;
c. calculating a desired antenna orientation for the
antenna based at least in part upon the desired beam
coverage information; and
d. controlling the antenna so that its beam conforms
to the desired antenna orientation.

[0036] According to a twenty fourth example there is
provided a method of controlling coverage in a cellular
communications system including one or more base sta-
tion, comprising the steps of:

a. obtaining information as to the position and orien-
tation of an antenna of the one or more base station;
b. displaying a virtual projection of the antenna beam
onto a virtual topography corresponding to the envi-
ronment in which the antenna is located;
c. modifying the antenna beam orientation via a user
input device;
d. displaying a modified virtual antenna beam in the
virtual environment corresponding to modification
via the user input device; and
e. controlling the antenna so that the beam conforms
to the desired antenna orientation.

[0037] According to a twenty fifth example there is pro-
vided a cellular communications system comprising:

a. a central controller:
b. one or more base station, each base station having
one or more antenna and a base station controller
which provides information as to the orientation of
each antenna to the central controller;
c. wherein the central controller controls the orien-
tation of each antenna to achieve a desired cover-
age.

[0038] According to a twenty sixth example there is
provided a cellular communications system comprising:

a. a central controller; and
b. one or more base station, each base station having
one or more antenna and a base station controller
which provides information as to the orientation of
each antenna to the central controller; wherein the
central controller includes display means for display-
ing virtual antenna beams representative of the an-
tenna beams of the base stations superposed on a
virtual topology and a user input device enabling a
user to manipulate a virtual beam to generate control
signals sent to control attributes of the corresponding
antenna.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] The accompanying drawings which are incor-
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porated in and constitute part of the specification, illus-
trate embodiments of the invention and, together with the
general description of the invention given above, and the
detailed description of embodiments given below, serve
to explain the principles of the invention.

Figure 1 shows a schematic side view of an antenna
according to a first embodiment;

Figure 2a shows a schematic side view of an antenna
according to a second embodiment;

Figure 2a shows a schematic side view of an antenna
according to a third embodiment;

Figure 3a shows a schematic view of a feed arrange-
ment for an antenna of the type shown in figures 1
and 2;

Figure 3b shows a schematic view of a multiband
antenna embodiment;

Figure 3c shows a multi-array antenna consisting of
a single column low band array and a multi-column
high band array;

Figure 3d shows a multi-array antenna consisting of
a multi-column low band array and a multi-column
high band array;

Figure 3e shows a multi-array antenna consisting of
a multi-column low band array and a multi-column
high band array including an electrical or optical
phase shifting feed network;

Figure 3f shows an antenna consisting of a number
of rotatable panels;

Figures 3g to 3l show various configurations of the
antennas shown in figure 3f;

Figure 3m shows an antenna having hinged outer
panels;

Figure 4 shows a schematic diagram of a cellular
base station in which control data is sent via one or
more RF feed line;

Figure 5 shows a schematic diagram of a first data
communications arrangement for the cellular base
station shown in figure 4;

Figure 6 shows a schematic diagram of a second
data communications arrangement for the cellular
base station shown in figure 4;

Figure 7 shows a schematic diagram of a third data
communications arrangement for the cellular base

station shown in figure 4;

Figure 8 shows a schematic diagram of a cellular
base station in which control data is sent via a serial
bus;

Figure 9 shows a schematic diagram of a data com-
munications arrangement for the cellular base sta-
tion shown in figure 8;

Figure 10 shows a schematic diagram of a cellular
base station in which control data is sent via a wire-
less link;

Figure 11 shows a schematic diagram of a first data
communications arrangement for the cellular base
station shown in figure 10;

Figure 12 shows a schematic diagram of a second
data communications arrangement for the cellular
base station shown in figure 10; and

Figure 13 shows a schematic diagram of a network
management system.

Figure 14 shows a schematic view of a feed arrange-
ment providing downtilt, azimuth and beam width ad-
justment.

Figure 15 shows a schematic side view of an antenna
according to another embodiment;

Figure 16 shows a schematic diagram of control ar-
rangement for the antenna shown in Figure 14;

Figure 17 shows a schematic view of an antenna
system and the beam of one antenna;

Figure 18 shows a schematic representation of an
antenna having mechanical beam azimuth, tilt and
roll actuators;

Figure 19 shows a schematic view of an antenna
system and the beam of one antenna projected onto
a landscape; and

Figure 20 shows a schematic view of a cellular com-
munications system.

DESCRIPTION OF EMBODIMENTS OF THE INVEN-
TION

[0040] Attributes of an antenna beam may be adjusted
by physically orienting an antenna or by adjusting the
variable elements in an antenna feed network. Physically
adjusting the orientation of an antenna mechanically
maintains a better radiation pattern for the antenna beam
than hv adjusting a variable element in the feed network.

9 10 
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For down tilt a better radiation pattern is obtained by ad-
justing a variable element in the feed network than by
mechanically orienting the antenna.
[0041] Figure 1 shows a side view of a cellular antenna
1 according to a first embodiment. Antenna 1 includes
an array antenna 2 having a reflector 3 and a plurality of
radiating elements 4 (only some of which are indicated
and the number of which may vary). Reflector 3 is rotat-
able about bearings 5 and 6 so that the array antenna 2
can rotate with respect to antenna support 7. Mounting
brackets 8 and 9 allow the antenna to be mounted to a
support structure such as a tower.
[0042] An azimuth position actuator 10 rotates array
antenna 2 with respect to antenna support 7 in response
to drive signals from actuator controller 11. Azimuth po-
sition actuator 10 may be in the form of a geared azimuth
motor 12 driving a threaded shaft 13 which drives a nut
14 up and down as it rotates. Nut 14 has a pin 15 pro-
jecting therefrom which locates within a helical groove
16 in semi cylindrical guide 17. As pin 15 moves up and
down guide 17 causes the array antenna 2 to rotate about
its vertical axis to provide mechanical azimuth steering.
It will be appreciated that a range of mechanical drive
arrangements could be employed, such as geared drive
trains, crank arrangements, belt and pulley drives etc.
[0043] In the embodiment shown in figure 1 an RF feed
is supplied to connector 18 and a coiled feed line 19 sup-
plies the RF feed to antenna array 2. In this embodiment
control signals are provided to serial bus connector 20
and supplied to actuator controller 11 via cable 21. Ac-
tuator controller 11 controls azimuth motor 12 via cable
22 and controls one or more actuator adjusting one or
more variable element contained within variable feed as-
sembly 23 via cable 24. Both coiled feed line 19 and cable
24 have excess length to enable ease of rotation of an-
tenna array 2.
[0044] Variable feed assembly 23 may include a single
phase shifter or multiple phase shifters to adjust down
tilt. Variable feed assembly 23 may additionally or alter-
natively include one or more phase shifter or power di-
vider to effect beam width adjustment. Variable feed as-
sembly 23 may also include one or more phase shifter
to effect electrical azimuth adjustment. Electrical azimuth
adjustment may be provided for a multiband antenna so
that the azimuth of the antenna beam of a first array may
be adjusted mechanically and the antenna beam of a
second array may be adjusted electrically to achieve a
desired offset.
[0045] Actuator controller 11 may receive status and
configuration information from variable feed assembly 23
such as the current position of phase shifters or power
dividers or whether an actuator has a fault condition etc.
A compass 25 may also be provided to give a real-time
measurement as to the azimuth orientation of antenna
array 2. The basic reading may be adjusted with respect
to true North at the place of installation. This status and
configuration information may be supplied from actuator
controller 11 to a base station auxiliary equipment con-

troller via a serial cable connected to serial bus connector
20.
[0046] In use serial data received by actuator controller
11 will include an address for an actuator controller along
with data specifying desired operating parameters. When
actuator controller 11 receives data associated with its
address it controls actuators in accordance with control
data for an attribute to be controlled. For example, actu-
ator controller 11 may receive data for mechanical azi-
muth with a value of 222 degrees. Controller 11 obtains
orientation information from compass 25 and drives az-
imuth motor 12 so as to rotate antenna array 2 until the
compass reading from compass 25 corresponds with the
desired orientation. Likewise, controller 11 may receive
data for a required down tilt angle. A down tilt phase shift-
er actuator, such as a geared motor, may drive one or
more phase shifter in the feed network until an associated
position sensor communicates to actuator controller 11
that the desired phase shifter position has been achieved
(see US6198458, the disclosure of which is incorporated
by reference). Likewise, beam width actuators and azi-
muth actuators may be driven by actuator controller 11
to achieve desired values.
[0047] In this way, actuator controller 11 can control
mechanical azimuth and electrical azimuth, down tilt and
beam width in response to commands received from a
addressable serial bus.
[0048] Figure 2a shows a second embodiment in which
all RF signals and control data are received over a single
RF feed line. Like integers had been given like numbers
to those shown in figure 1. In this embodiment coiled feed
line 19 supplies RF feed signals to antenna interface 26
which supplies RF signals to variable feed assembly 23
and extracts and supplies control data to actuator con-
troller 31. As antenna interface 26 is mounted to reflector
3 a flexible control cable 27 is provided to azimuth motor
12. Antenna interface 26 may extract power supplied by
an RF feed line to operate actuator controller 23 and it
associated actuators. A DC bias voltage mav be applied
to the RF feed line at the base of a cellular base station
tower and extracted by antenna interface 26 at the top
of the tower. This arrangement has the advantage that
only a single RF feed line need be connected to each
antenna to provide both RF signals and control data.
[0049] Figure 2b shows a variant of the embodiment
shown in figure 1 where the azimuth position actuator
10a is in the form of a top mounted geared motor which
supports antenna array 2 and rotates it. The base of the
antenna is maintained in position by bearing 6a secured
to the base of the antenna and extending to the walls of
the radome 7a.
[0050] Referring now to figure 3a there is shown a feed
arrangement suitable for adjusting the down tilt and the
beam width of the beam of an antenna of the type shown
in figures 1 and 2. In this case the antenna includes three
rows 38 to 40, 41 to 43 and 44 to 46 of radiating elements
although it will be appreciated that any desired number
may be employed. RF feed line 28 feeds differential

11 12 
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phase shifter 29, which in this example is a variable dif-
ferential phase shifter. Actuator 30 is driven by actuator
controller 31 to adjust the position of the variable differ-
ential phase shifter 29 to achieve a desired beam down
tilt. Actuators 35 to 37 are driven by actuator controller
31 to adjust power dividers 32 to 34 to adjust antenna
beam width.
[0051] A number of feed arrangements utilizing a range
of different possible variable elements may be employed,
some examples of which are set out in
US2004/0038714A1. Whilst passive variable elements
such as differential phase shifters are shown it will be
appreciated that the variable elements could be active
elements using PIN diodes, optically controlled devices
etc. Figure 14 shows an embodiment including a down
tilt phase shifter 200 driven by a down tilt phase shifter
actuator 201, power dividers 202, 203 and 204 driven by
power divider actuator 205 and azimuth phase shifters
206, 207 and 208 driven by azimuth phase shifter actu-
ator 209 to effect down tilt, beam width and azimuth ad-
justment of the antenna beam. It will be appreciated that
any one or combination of attributes may be adjusted
depending upon the application. In a simple application
electrical down tilt adjustment may be provided with me-
chanical azimuth adjustment.
[0052] In the multi-array embodiment shown in figure
3b a first array of columns of radiating elements 49 mav
have a feed network as shown in figure 3a whilst the
second array of columns of radiating elements 48 may
have a feed network 48a including phase shifter 48b to
vary the phase supplied to the outer columns of radiating
elements to effect azimuth beam steering. In this way the
beam direction for the first array may be set mechanically
by mechanically orienting the antenna and the beam di-
rection for the second array may be offset using electrical
azimuth adjustment in the feed network. The arrays may
operate in the same or different frequency bands. In the
embodiment shown in figure 3b array 49 operates in a
higher band than array 48.
[0053] Figure 3c shows a multi-array antenna having
an array of low-frequency band radiating elements which
may, for example, take the form of ring radiators 126,
127, 128, 129 and 130 and an array consisting of three
columns 131, 132 and 133 of high frequency band radi-
ating elements which may, for example, take the form of
cross dipoles 131a, 132a and 133a. It will be appreciated
that the radiating elements may be of any suitable form
depending upon the application. Feed network 134 con-
sists of a through line 135 feeding central column 132
and variable phase shifter 136 feeding columns 131 and
133. A mechanical azimuth actuator shown schematical-
ly as 137 rotates antenna 125 about its vertical axis to
provide mechanical azimuth steering. In use the azimuth
direction of the beam of low band elements 126 to 130
may be set by driving mechanical azimuth actuator 137
to orient antenna 125 in the desired orientation. Variable
differential phase shifter 136 may then be adjusted to
orient the azimuth direction of the beam of the high band

elements. A local controller may control mechanical az-
imuth actuator 137 and an actuator to control variable
differential phase shifter 136. This may be based on a
local control arrangement or in response to control com-
mands from a central controller.
[0054] Figure 3d shows a multi-array antenna 138 con-
sisting of an array of high band elements in the form of
three columns of cross dipoles (one of which is indicated
at 139) and an array of low band elements in the form of
three columns of ring radiators (one of which is indicated
at 140) which may be staggered and interleaved as
shown. In one embodiment one feed network 141 may
be provided to feed the columns of the high band radiating
elements so that the central column of high band ele-
ments is fed by line 142 directly from RF feed line 143
and the outer columns of high band elements are fed by
lines 144 and 145 from the outputs of phase shifter 146
which may be any of a variety of electromechanical or
electrical configurations. The RF feed and control ar-
rangement could be anv of a variety of configurations.
including those depicted in Figures 5 - 12 of this specifi-
cation. Mechanical azimuth actuator 147 allows mechan-
ical azimuth beam steering of antenna 138. This embod-
iment may operate in the same manner as the embodi-
ment described in figure 3c. However, if the low band
columns are fed in the same manner as the high band
columns (i.e. using a feed network as per feed network
141) then the beams of both the high band and low band
arrays may be individually electronically steered. Thus
mechanical azimuth actuator 147 may be adjusted to ori-
ent antenna 138 in a first orientation and the independent
high band and low band feed networks may be used to
electronically steer the azimuth beam directions for each
array. This allows the antenna to be mechanically orient-
ed to position between the desired beam orientation for
each array and for the beam of each array to the offset
by electronic beam steering to achieve the designed
beam orientations. This may minimize distortion of beam
patterns by reducing the amount of electrical azimuth
beam steering required. By providing the ability to adjust
the orientation of the entire antenna 138 and thus both
the high and low band arrays together, and in addition
adjustment of the high and low band arrays separately,
an infinitude of azimuthal settings of the two beams can
be achieved to satisfy traffic and other design parame-
ters. In one exemplary embodiment the high frequency
band radiating elements may be in the range of 1710 to
1720 MHz and the low frequency band radiating ele-
ments may be in the range of 824 to 960 MHz.
[0055] Figure 3e shows a variant of figure 3d in which
feed network 141 is replaced by feed network 141 a in
which active elements are employed to achieve the de-
sired phase shift for the radiating elements of each col-
umn. The active elements may be PIN diodes, optically
controlled elements or any other suitable active element.
[0056] Figure 3f shows an antenna 148 having panels
of radiating elements rotatable via actuators 152 to 154
with respect to antenna housing 155. The arrays may be

13 14 



EP 2 013 940 B1

9

5

10

15

20

25

30

35

40

45

50

55

single as shown schematically, or multiple column arrays.
This arrangement enables each array of each panel 149
to 151 to be independently oriented with respect to an-
tenna housing 155. Further, antenna housing 155 may
itself be rotationally oriented via actuator 156. Figures 3g
to 3l illustrate possible configurations of antenna 148. In
figure 3g all panels are oriented flat with respect to an-
tenna housing 155. In figure 3h all panels are rotated by
the same amount to the left and in figure 3j all panels are
rotated by the same amount to the right. In figure 3k the
outer panels 149 and 151 are rotated outwardly to broad-
en the beam of the antenna. In figure 3l the configuration
of figure 3k is rotated due to actuator 156 rotating antenna
housing 155. Thus the antenna provides azimuth steer-
ing and beam shaping by rotation of multiple antenna
radiator panels.
[0057] Figure 3m shows a variant in which outer panels
210 and 211 of radiating elements are pivotable about
joints 213 and 214 to central panel of radiating elements
212. Outer panels 210 and 211 may be independently
rotated with respect to central panel 212 by individual
mechanical actuators or both may be adjusted via a com-
mon mechanical linkage 215. This arrangement allows
a wide beam width to be generated using a relatively
simple antenna structure.
[0058] It will be appreciated that in the above embod-
iments that different forms of radiating elements may be
employed. It will also be appreciated that in each of the
above embodiments control may be effected by a local
controller or a central controller. Each antenna may pro-
vide information as to the configuration and orientation
of each antenna and control the antenna locally accord-
ing to a local control strategy or centrally based on a
global control strategy.
[0059] Referring now to figure 4 a schematic diagram
of an antenna base station 47 having three antennas 68,
69 and 70 is shown. Auxiliary equipment controller 51
includes a connector 52 allowing a laptop 53 to interface
with base station auxiliary equipment controller 51.
[0060] Figure 5 shows a first embodiment in which a
base station controller 55 communicates with a central
controller via a backhaul link 54. Commands for control-
ling antenna attributes are sent from base station con-
troller 55 to auxiliary equipment controller 51. A modula-
tion/demodulation arrangement conveys commands be-
tween control interface 50 and antenna interfaces 59 to
61. Base station controller 55 sends RF signals for trans-
mission via RF feed lines 57 to control interface 50. Aux-
iliary equipment controller 51 sends commands for con-
trolling controllable antenna elements to control interface
50 which superposes control commands onto RF feed
lines 56 to 58. Each antenna includes an antenna inter-
face 59 to 61 which extracts the superposed control com-
mands and provides these to controller actuators 62 to
64 which control actuators 65 to 67 of antennas 68 to 70.
It will be appreciated that any number of actuators may
be controlled and that these may include control motors
to adjust the physical position of an antenna, actuators

to adjust phase shifters, actuators to adjust power divid-
ers or other adjustable elements. The control data will
include an address for an actuator controller along with
control data designating the attribute to be controlled
(e.g. down tilt) and a desired value. The actuator control-
lers may also send status and configuration information
to antenna interface is 59 to 61 to be conveyed via control
interface 50 to auxiliary equipment controller 51. This sta-
tus and configuration information may be supplied to a
central controller via backhaul link 54.
[0061] Figure 6 shows a modified version in which like
integers and have been given like numbers. In this case
the control interface 71 superposes the control data only
on RF line 58. An antenna interface 72 is incorporated
within antenna 68 and this provides the control data to
actuator controllers 62 to 64 via serial cables 73 to 75.
This arrangement reduces cost by only requiring a single
antenna interface 72 and for control interface 71 to inter-
face only with one feed cable.
[0062] Figure 7 shows an embodiment similar to figure
6 except that the antenna interface 77 is located exter-
nally to antennas 68 to 70 at the top of a tower. Actuator
controllers 62 to 64 are supplied with control data via
serial bus connections 78 to 80. This arrangement has
the advantage that a standardised antenna unit 68 to 70
may be employed whether control data either is sent up
the tower via an RF feed line or a serial cable.
[0063] Figure 8 shows an embodiment in which control
data is sent up tower 81 from auxiliary equipment con-
troller 82 via serial cable 83 to antennas 84 to 86. An
access port 87 is provided to enable a portable controller
(e.g. a laptop) 88 to communicate directly with auxiliary
equipment controller 82 to effect local control. As shown
in figure 9 actuator controllers 89 to 91 and auxiliary
equipment controller 82 are interconnected by serial bus-
es 83, 92 and 93. Actuators 194 to 196 are controlled by
actuator controllers 89 to 91 in accordance with control
data received from auxiliary equipment controller 82. Sta-
tus and configuration information from actuator control-
lers 89 to 91 is communicated via the serial bus to aux-
iliary equipment controller 82.
[0064] Figure 10 shows a wireless embodiment in
which control data is communicated between a controller
94 and antennas 95 to 97 directly via a wireless link. It
will be appreciated that controller 94 may be an auxiliary
equipment controller at the base station supporting wire-
less communication or a portable device such as a laptop
with a wireless card etc. Controller 94 may also be re-
motely located and control antennas 95 to 97 via a long-
range radio link.
[0065] Figure 11 shows a first embodiment in which a
single antenna interface 98 communicates wirelessly
with a controller 94 and communicates with actuator con-
trollers 99 to 101 via serial bus 102 to 104 to control
actuators 108 to 110. This arrangement allows standard
antennas 105 to 107 having serial interfaces to be em-
ployed.
[0066] Figure 12 shows an embodiment in which ac-
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tuator controllers 111 to 113 include wireless communi-
cation circuits enabling each actuator controller 111 to
113 to communicate directly with a controller 94.
[0067] Figure 13 shows schematically a network man-
agement system in which a central controller 114 com-
municates via backhaul links 115 to 119 with a number
of base stations 120 to 124. Central controller 114 obtains
status and configuration information from each base sta-
tion controller and sends control data to base stations
120 to 124. Central controller 114 may periodically re-
ceive status and configuration information and/or status
and configuration information may be sent on request or
whenever there is a change. Central controller 114 may
adjust antenna attributes according to a schedule, on op-
erator command or actively in response to current oper-
ating conditions (e.g. traffic demands etc).
[0068] In another embodiment, Figure 15 shows an an-
tenna 311. Figure 16 shows schematically the control
arrangement for the antenna. An array antenna 301 is
rotatable about bearings 302 and 303 with rotation of the
array antenna being controlled by actuator 304. Control
data is sent to antenna controller 305 via an addressable
serial bus 306, for example.. However, as described in
Elliot, control data may be supplied via RF feed line 307
or a wireless link. In this embodiment a global positioning
satellite (GPS) receiver 308, for example, supplies posi-
tion information to antenna controller 305. Antenna con-
troller 305 controls actuators 312 to 313 within feed net-
work 309 to control antenna beam orientation with re-
spect to the array antenna. The actuators 312 to 313 of
feed network 309 may adjust phase shifters and or power
dividers to adjust the azimuth, downtilt and/or beam width
of the antenna beam with respect to the plane of the array
antenna as described in Elliot and Rhodes.
[0069] In this embodiment an orientation sensor 310
is permanently mounted to the array antenna 301 and
develops a signal characterizing the orientation of the
antenna.
[0070] The orientation sensor may include an electron-
ic compass and/or gyroscope to determine beam azimuth
and/or an inclinometer and/or gyroscope to measure
beam elevation. Instead of absolute orientation sensors,
a relative position determining method may be employed,
such as determining relative orientation with respect to
another base station (or beacon etc.) by determining the
direction in which a narrow beam (RF, laser etc) must be
directed to be received by the base station or beacon.
Knowing the positions of the base stations relative ori-
entations of the antennas can be determined. The sensor
signal from orientation sensor 310 is supplied to antenna
controller 305.
[0071] According to one embodiment, antenna control-
ler 305 of cellular communications antenna 311 may
store desired physical orientation or antenna beam ori-
entation information therein. During operation, based on
orientation information from orientation sensor 310
and/or position information from GPS receiver 308, an-
tenna controller may control actuator 304 to achieve a

desired azimuth orientation of array antenna 301 or may
control actuators of feed network 309 to adjust downtilt
and/or azimuth and/or beam width of the beam of the
antenna with respect to array antenna 301. For example,
a digital compass of orientation sensor 310 may detect
the actual orientation of array antenna 301 and commu-
nicate this to antenna controller 305. Antenna controller
305 may determine whether the orientation of array an-
tenna 301 is within a permitted range of values stored
within antenna controller 305. If it is outside a permitted
range antenna controller 305 may adjust actuator 304 to
change the physical orientation of array antenna 301 until
the sensor signal from orientation sensor 310 indicates
an orientation within the permitted range.
[0072] Permitted values of antenna attributes may be
stored within antenna controller 305 and may be updated
via addressable serial bus 306 or another communica-
tions channel. The permitted ranges of physical orienta-
tion and beam orientation attributes may be stored in a
schedule in which these values are set for different pe-
riods of time, or for variable traffic, variable foliage or
other seasonal changes in capacity or signal obstruction,
or other operating conditions. For example, coverage
may be required from an antenna in the first region for
one period of time and another region for another period
of time due to varying traffic demand etc. This schedule
can be periodically uploaded from a central controller.
[0073] Referring now to figure 17 a schematic view of
cellular communications antenna system 314 incorporat-
ing the cellular communications antenna shown in figures
15 and 16 is shown. Antenna 318 receives GPS posi-
tioning signals from GPS satellites 315, 316 and 317.
Using this information the controller of antenna 318 can
determine its position. The antenna beam 319 has ad-
justable beam attributes including beam width 320, beam
elevation (referred to herein as beam down tilt) 321 and
horizontal beam orientation (referred to herein as beam
azimuth) 322. These attributes of the antenna beam may
be adjusted so as to provide the desired beam coverage.
[0074] Additionally or alternatively the orientation of
the antenna may be physically adjusted to alter the cov-
erage of the antenna beam. Figure 18 shows a schematic
view of an arrangement for adjusting the physical orien-
tation of antenna 323. Actuators 324, 325 and 326 may
respectively adjust beam azimuth 327, roll 328 and down
tilt 329. Actuators 324 to 326 may be geared motors
which through suitable linkages adjust the orientation of
antenna 323 as is well known in the art.
[0075] Referring now to figure 19 there is shown the
beam 330 of antenna 331 projected onto a landscape. It
will be appreciated that by adjusting attributes of physical
orientation and/or adjusting attributes of the beam of the
antenna, beam width, beam azimuth, beam downtilt, and
beam roll may be optimised for desired coverage based
upon the measured position and orientation of antenna
331. An image like that shown in figure 19 may be dis-
played to a user using 2D or 3D display technology. The
topography represents the environment in which antenna
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331 is located. Obstructions, such as buildings, may also
be shown. Current, desired or historical traffic levels may
also be indicated (by colour, texture or other visual at-
tributes). Antenna 331 may be superimposed based on
information received as to its physical location derived
from a GPS unit at the base station. The orientation of
antenna 331 may be based upon orientation information
from sensors in antenna 331. The shape of beam 330
may be determined based on information as to the con-
figuration of beam shaping elements. It may have a dif-
ferent optical characteristic such as colour or shading
depending upon the polarisation of the beam. A user us-
ing a virtual reality data glove or other input device may
modify beam 330. By grasping the beam with the data
glove a user may orient it as desired or by opening and
closing fingers, for example, vary beam width. A user is
able to observe how modification of the beam affects the
virtual beam in the virtual display, and thus how the real
beam would project on the topology. This provides a sim-
ple intuitive user interface.
[0076] Figure 20 shows a cellular communication sys-
tem in which a central controller 332 communicates via
backhaul links 333 to 335 with base station controllers
336 to 339. Base station controllers 336 to 339 receive
position and/or orientation information from antennas
340 to 343 and provide this information to central con-
troller 332. Alternatively, base station controllers 336 to
339 may include a GPS receiver, avoiding the need to
provide one in each antenna. Central controller 332 may
maintain a database in which the most current position
and orientation data is stored, along with historical data
if required. Position and orientation information may be
sent periodically to central controller 332 or upon request
from central controller 332. Central controller 332 may
send control commands via base station controllers 336,
337, 338 and 339 to each controller within each antenna
to adjust the physical orientation of the antenna and/or
antenna beam attributes based upon immediate need,
response to predetermined condition changes, or in ac-
cordance with a predetermined time schedule, as de-
scribed above.
[0077] In one embodiment when a new antenna is in-
stalled it may send position and/or orientation information
to central controller 332. Central controller 332 may de-
termine the desired operating parameters for the antenna
and send these back to be stored in the base station
controller or the controller within each antenna. Each an-
tenna may then control antenna physical orientation
and/or beam orientation to satisfy the required operating
parameters. Alternatively, the intelligence may be main-
tained within central controller 332 so that it directly com-
mands each local antenna controller to make an adjust-
ment until it receives position and/or orientation informa-
tion meeting the required operating parameters. During
operation, controller 332 may send a schedule of desired
operating parameters to the base station controller or
antenna controller providing a schedule of operation for
different periods. The schedule may provide for different

beam coverage for different periods. Further, central con-
troller 332 may monitor system usage and adjust the me-
chanical orientation and/or beam attributes to provide de-
sired coverage actively as usage changes.
[0078] By regularly monitoring the position and orien-
tation of each antenna, central controller 332 can monitor
correct operation of an entire cellular communications
network. If, for example, an antenna should encounter
bird strike and become. misaligned, central controller 332
can detect the incorrect orientation of the antenna and,
if possible, make adjustment or otherwise properly en-
sure maintenance is performed. Each antenna controller
may be programmed so that if a position or orientation
parameter is outside a specified range a signal is sent to
central controller 332 notifying it of the exception. Con-
troller 332 can then adjust antenna parameters to com-
pensate or indicate that servicing is required.
[0079] It will be appreciated that the graphical user in-
terface described in relation to figure 19 may be applied
to a system as shown in figure 19 to enable an operator
to control all antenna beams across a system via a user
interface at central controller 332.
[0080] The system enables the position and orientation
of each antenna to be communicated to the central con-
troller 332 upon installation. The settings of beam shap-
ing elements such as phase shifters and power dividers
may also be provided to central controller 332 to enable
the shape of the beam of each antenna to be determined.
Controller 332 may also be provided with information as
to fixed obstructions (buildings etc.) and variable obstruc-
tions (e.g. foliage). Controller 332 may further be provid-
ed with information as to projected traffic (e.g. typical
traffic profiles for different times of the day or for events
such as sports events) as well as real-time information
as to traffic (e.g. actual current traffic or traffic over a
proceeding period). Controller 332 may then calculate
the desired physical antenna position and beam config-
uration for each antenna required to give the desired cov-
erage in a particular typography. Controller 332 may do
this by overlaying antenna position and orientation infor-
mation onto a topographical map of the area to calculate
desired coverage. Controller 332 may take into account
information as to usage and system coverage require-
ments for the area concerned. Controller 332 may oper-
ate a wide range of control strategies utilizing the known
antenna position and orientation information as will be
apparent to those skilled in the art.
[0081] Alternatively an operator may control antenna
beam orientation and shape using a user interface. An
operator may see the topology off or portion of an area
to be controlled with base stations superimposed upon
the topology. Beams of the antennas may be projected
onto the topology based upon information as to each an-
tenna’s position and orientation and the settings of the
beam shaping elements of each antenna. The pars du-
ration of each beam may be indicated by colour or some
other optical attribute. Buildings and other obstructions
mav also be shown using visual attributes, such as col-
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our. System traffic may be superimposed upon the to-
pography to show current traffic, historical traffic and/or
predicted traffic using colour or some other visual at-
tribute. Where multiple attributes need to be shown in
the same space one attribute may be colour and another
may be a fill effect such as crosshatching etc. A user may
select a beam using an input device (e.g. amounts, virtual
reality data glove etc.) and modify attributes of the an-
tenna beam using the input device. For example an op-
erator may grasp a beam using a virtual reality data glove
and change its orientation by moving the data glove. The
operator may adjust beam attributes such as being width
by opening and closing fingers off the data glove. In this
way an operator may adjust a beam while visually ob-
serving other beams and the coverage of the beam with
respect to traffic in a region and how obstructions affect
the beam. It will be appreciated at a variety of input de-
vices could be employed utilizing a range of control strat-
egies.
[0082] As an alternative to GPS based position loca-
tion, triangulation methods may also be employed. Each
antenna controller may include an RF receiver for receiv-
ing transmissions from known locations, such as cellular
towers, to calculate the position of each antenna by tri-
angulation.
[0083] There is thus provided an antenna providing az-
imuth and down tilt adjustment which maintains good ra-
diation patterns of the antenna. A common controller en-
ables mechanical azimuth, electrical down tilt, electrical
beam width and electrical azimuth actuators to be com-
monly controlled. An addressable serial bus interface
simplifies interconnection of antennas and controllers.
Control data may be sent via an RF feed line, serial data
cable or wireless connection. For multiband applications
the combination of mechanical and electrical azimuth ad-
justment allows azimuth to be independently adjusted for
two or more arrays.
[0084] There is also provided an antenna providing du-
al electrical azimuth beam steering, combined mechan-
ical and electrical azimuth steering, independent me-
chanical column steering and dual mechanical steering.
This allows beam azimuth to be independently adjusted
for two or more arrays. A common controller enables me-
chanical azimuth, electrical down tilt, electrical beam
width and electrical azimuth actuators to be commonly
controlled. An addressable serial bus interface simplifies
interconnection of antennas and controllers. Control data
may be sent via an RF feed line, serial data cable or
wireless connection.
[0085] There is also provided an antenna capable of
detecting its position and orientation and communicating
this to a local or central controller. The antenna may in-
clude means to maintain attributes of the antenna within
desired parameters. These may be preset or download-
ed. A system of such antennas simplifies installation by
only requiring antennas to be mounted in approximate
orientations as they may subsequently be adjusted by
altering the mechanical orientation of the antenna and/or

attributes of the antenna beam. The system enables the
precise position and orientation of antennas to be deter-
mined at any point in time and employed in a range of
control strategies.
[0086] While the present invention has been illustrated
by the description of the embodiments thereof, and while
the embodiments have been described in detail, it is not
the intention to restrict or in any way limit the scope of
the appended claims to such detail. Additional advantag-
es and modifications will readily appear to those skilled
in the art. Therefore, the invention in its broader aspects
is not limited to the specific details, representative appa-
ratus and method, and illustrative examples shown and
described.

Claims

1. A cellular antenna (1) comprising:

a. an array antenna (2) having first and second
arrays (49, 48) of radiating elements (4) config-
ured to develop, when excited, first and second
beams respectively, the array antenna (2) being
rotatably mountable with respect to an antenna
support (7) so as to enable mechanical azimuth
steering of the first and second beams;
b. a mechanical azimuth actuator (10) config-
ured to rotate the array antenna (2) with respect
to an antenna support (7);
c. a first feed network (23) configured to supply
signals to and receive signals from the first array
(49) of radiating elements (4) including a first
variable element (29) to vary the phase of sig-
nals passing through the feed network (23);
a second feed network configured to supply sig-
nals to and receive signals from the second ar-
ray (48);
e. a first variable element adjuster (30) config-
ured to adjust the first phase shifter (29); and
f. an actuator controller (11) configured to re-
ceive control data and to control the mechanical
azimuth actuator (10) in accordance with me-
chanical azimuth control data received to rotate
the array antenna (2) with respect to an antenna
support (7) to alter the orientation of the antenna
(2) and to control the first variable element ad-
juster (30) in accordance with electrical azimuth
control data received to adjust the azimuth beam
direction of the first array (49) with respect to the
azimuth beam direction of the second array (48),
wherein the first and second arrays (49, 48) are
configured for operation in different frequency
bands and the first and second beams have an
azimuth beam direction different from one an-
other.

2. A cellular antenna (1) as claimed in claim 1 including
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a radome (7a), wherein the array antenna (2) is ro-
tatably mounted to the top of the radome (7a).

3. A cellular antenna (1) as claimed in claim 1 or claim
2 wherein the first feed network (23) includes one or
more down tilt phase shifter (29) to adjust the down
tilt of the beam of the first array (49) and one or more
down tilt phase shifter actuators (30) controlled by
the actuator controller (11) to adjust the down tilt
phase shifter actuators (30).

4. A cellular antenna (1) as claimed in any one of the
preceding claims wherein the first feed network (23)
includes one or more phase shifter or power divider
to effect beam width adjustment (32-34) of the beam
of the first array (49) and one or more beam width
adjustment element actuators (35-37) controlled by
the actuator controller (11) to adjust the beam width
adjustment element actuators (35-37).

5. A cellular antenna (1) as claimed in any one of the
preceding claims further including a compass (25)
attached to the array antenna (2), such that the com-
pass (25) reading is indicative of the array antenna
(2) direction.

6. A method of adjusting beam azimuth for a cellular
multi-array antenna (2) having first and second ar-
rays (49,48) of radiating elements (4) configured to
develop, when excited, first and second beams re-
spectively, wherein the first array (49) has a first feed
network (23) configured to supply signals to and re-
ceive signals from the first array (49) including one
or more variable elements (29, 32-34) for adjusting
first beam azimuth, wherein the second array (48)
has a second feed network configured to supply sig-
nals to and receive signals from the second array
(48), the method comprising:

a. first, mechanically orienting the antenna (2)
so as to achieve a desired azimuth beam direc-
tion for the second beam; and
b. second, setting the one or more variable ele-
ments (29, 32-34) so as to achieve a desired
beam azimuth for the first beam, different to the
beam azimuth for the second beam, wherein the
first and second arrays (49,48) are configured
for operation in different frequency bands.

7. A method as claimed in claim 6 including obtaining
orientation information as to the orientation of the
antenna (2) and mechanically orienting the antenna
(2) in dependence upon the orientation information.

8. A method as claimed in claim 7 wherein the orienta-
tion information is obtained via an electronic com-
pass (25) attached to the antenna (2).

9. A method as claimed in claim 6, wherein the second
feed network (48a) includes one or more variable
elements (48b) for adjusting beam azimuth, the
method further comprising:

setting the one or more variable elements (48b)
of the second feed network (48a) so as to
achieve a desired beam azimuth for the second
beam.

Patentansprüche

1. Zellularantenne (1), welche umfasst:

a. eine Feldantenne (2), welche ein erstes und
zweites Feld (49, 48) von Abstrahlelementen (4)
umfasst, welche, wenn sie angeregt werden, da-
zu ausgebildet sind, jeweils einen ersten und
zweiten Strahl zu entwickeln, wobei die Feldan-
tenne (2) in Relation zu einer Antennenhalte-
rung (7) drehbar eingerichtet ist, um somit eine
mechanische Azimut-Steuerung des ersten und
zweiten Strahls zu ermöglichen;
b. ein mechanisches Azimut-Stellglied (10), wel-
ches dazu ausgebildet ist, die Feldantenne (2)
in Relation zu einer Antennenhalterung (7) zu
umdrehen;
c. ein erstes Speise-Netzwerk (23), welches da-
zu ausgebildet ist, Signale an das erste Feld (49)
von Abstrahlelementen (4) zuzuführen und hier-
von zu empfangen, welches ein erstes variables
Element (29) zum Verändern der Phase von Si-
gnalen, welche durch das Speise-Netzwerk (23)
durchlaufen, umfasst;
d. ein zweites Speisenetzwerk, welches dazu
ausgebildet ist, Signale an das zweite Feld (48)
zuzuführen und hiervon zu empfangen;
e. ein erstes Einstellelement (30) eines variab-
len Elements, welches dazu ausgebildet ist, den
ersten Phasenschieber (29) einzustellen; und
f. eine Stellglied-Steuerung (11), welche dazu
ausgebildet ist, Steuerdaten zu empfangen und
das mechanische Azimut-Stellglied (10) in An-
sprechen auf empfangene mechanische Azi-
mut-Steuerdaten zu steuern, um die Feldanten-
ne (2) in Relation zu einer Antennenhalterung
(7) zu umdrehen, um die Ausrichtung der An-
tenne (2) zu ändern, und das erste Einstellele-
ment (30) eines variablen Elements in Anspre-
chen auf empfangene elektrische Azimut-Steu-
erdaten zu steuern, um die Azimut-Abstrahlrich-
tung von dem ersten Feld (49) in Relation zu der
Azimut-Abstrahlrichtung von dem zweiten Feld
(48) einzustellen,

wobei das erste und das zweite Feld (49, 48) zum
Betrieb in unterschiedlichen Frequenzbändern aus-
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gebildet sind, und wobei der erste und zweite Strahl
jeweils eine Azimut-Strahlrichtung haben, welche
zueinander unterschiedlich sind.

2. Zellularantenne (1) nach Anspruch 1, umfassend ein
Radom (7a), wobei die Feldantenne (2) drehbar an
der Oberseite des Radoms (7a) eingerichtet ist.

3. Zellularantenne (1) nach Anspruch 1 oder 2, bei wel-
cher das erste Speise-Netzwerk (23) einen oder
mehrere Down-Tilt Phasenschieber (29) zum Ein-
stellen von dem Down-Tilt des Strahls von dem ers-
ten Feld (49), und ein oder mehrere Down-Tilt Pha-
senschieber-Stellglieder (30), welche durch die
Stellglied-Steuerung (11) gesteuert werden, um die
Down-Tilt Phasenschieber-Stellglieder (30) einzu-
stellen, umfasst.

4. Zellularantenne (1) nach einem der vorhergehenden
Ansprüche, bei welcher das erste Speise-Netzwerk
(23) einen oder mehrere Phasenschieber oder Leis-
tungs-Unterteiler zur Durchführung einer Strahlbrei-
te-Einstellung (32-34) des Strahls von dem ersten
Feld (49), und ein oder mehrere Strahlbreite-Einstel-
lelement-Stellglieder (35-37), welche durch die Stell-
glied-Steuerung (11) gesteuert werden, um die
Strahlbreite-Einstellelement-Stellglieder (35-37)
einzustellen, umfasst.

5. Zellularantenne (1) nach einem der vorhergehenden
Ansprüche, ferner umfassend einen Kompass (25),
welcher derart an der Feldantenne (2) angebracht
ist, dass der abgelesene Wert von dem Kompass
(25) einen Hinweis gibt über die Ausrichtung der Fel-
dantenne (2).

6. Verfahren zum Einstellen von einem Strahl-Azimut
von einer zellularen Mehrfachfeld-Antenne (2), wel-
che ein erstes und zweites Feld (49, 48) von Ab-
strahlelementen (4) umfasst, welche, wenn sie an-
geregt werden, dazu ausgebildet sind, jeweils einen
ersten und zweiten Strahl zu entwickeln, wobei das
erste Feld (49) ein erstes Speise-Netzwerk (23) um-
fasst, welches dazu ausgebildet ist, Signale an das
erste Feld (49) zuzuführen und Signale hiervon zu
empfangen, welches ein oder mehrere variable Ele-
mente (29, 32-34) zum Einstellen eines ersten
Strahl-Azimut umfasst, wobei das zweite Feld (48)
ein zweites Speise-Netzwerk umfasst, welches dazu
ausgebildet ist, Signale an das zweite Feld (48) zu-
zuführen und Signale hiervon zu empfangen, wobei
das Verfahren umfasst:

a. in einem ersten Schritt, mechanisches Aus-
richten der Antenne (2), derart, dass eine ge-
wünschte Azimut-Strahlrichtung für den zweiten
Strahl erzielt wird; und
b. in einem zweiten Schritt, Einstellen des einen

oder der mehreren variablen Elemente (29,
32-34), derart, dass ein gewünschter Strahl-Azi-
mut für den ersten Strahl erzielt wird, welcher
sich von dem Strahl-Azimut für den zweiten
Strahl unterscheidet,

wobei das erste und zweite Feld (49, 48) dazu aus-
gebildet sind, in unterschiedlichen Frequenzbän-
dern zu arbeiten.

7. Verfahren nach Anspruch 6, welches ein Erlangen
von einer Ausrichtinformation hinsichtlich der Aus-
richtung von der Antenne (2), und ein mechanisches
Ausrichten der Antenne (2) in Ansprechen auf die
Ausrichtinformation umfasst.

8. Verfahren nach Anspruch 7, bei welchem die Aus-
richtinformation über einen elektrischen Kompass
(25) erlangt wird, welcher an der Antenne (2) ange-
bracht ist.

9. Verfahren nach Anspruch 6, bei welchem das zweite
Speise-Netzwerk (48a) ein oder mehrere variable
Elemente (48b) zum Einstellen von dem Strahl-Azi-
mut umfasst, wobei das Verfahren ferner umfasst:

Einstellen des einen oder der mehreren variab-
len Elemente (48b) von dem zweiten Speise-
Netzwerk (48a), derart, dass ein gewünschter
Strahl-Azimut für den zweiten Strahl erzielt wird.

Revendications

1. Antenne cellulaire (1), comprenant :

a. une antenne réseau (2) présentant des pre-
mier et second réseaux (49, 48) d’éléments
rayonnants (4) configurés de manière à déve-
lopper, lorsqu’ils sont excités, des premier et se-
cond faisceaux, respectivement, l’antenne ré-
seau (2) pouvant être montée de manière rota-
tive relativement à un support d’antenne (7) afin
de permettre une direction azimutale mécani-
que des premier et second faisceaux ;
b. un actionneur azimutal mécanique (10) con-
figuré de manière à faire tourner l’antenne ré-
seau (2) relativement à un support d’antenne
(7) ;
c. un premier réseau d’alimentation (23) confi-
guré de manière à fournir des signaux au pre-
mier réseau et à recevoir des signaux en prove-
nance du premier réseau (49) d’éléments rayon-
nants (4) incluant un premier élément variable
(29) destiné à modifier la phase de signaux tran-
sitant par le réseau d’alimentation (23) ;
d. un second réseau d’alimentation configuré de
manière à fournir des signaux au second réseau
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et à recevoir des signaux en provenance du se-
cond réseau (48) ;
e. un premier ajusteur d’éléments variables (30)
configuré de manière à ajuster le premier dé-
phaseur (29) ; et
f. un module de commande d’actionneurs (11)
configuré de manière à recevoir des données
de commande et à commander l’actionneur azi-
mutal mécanique (10) selon des données de
commande azimutale mécanique reçues, en
vue de faire tourner l’antenne réseau (2) relati-
vement à un support d’antenne (7) de manière
à modifier l’orientation de l’antenne (2), et à com-
mander le premier ajusteur d’éléments variables
(30) selon des données de commande azimu-
tale électrique reçues, de manière à ajuster la
direction de faisceau azimutale du premier ré-
seau (49) relativement à la direction de faisceau
azimutale du second réseau (48), dans lequel

les premier et second réseaux (49, 48) sont confi-
gurés pour un fonctionnement dans des bandes de
fréquence distinctes et les premier et second fais-
ceaux présentent des directions de faisceau azimu-
tales mutuellement différentes.

2. Antenne cellulaire (1) selon la revendication 1, in-
cluant un capot d’antenne (7a), dans lequel l’antenne
réseau (2) est montée de manière rotative sur la par-
tie supérieure du capot d’antenne (7a).

3. Antenne cellulaire (1) selon la revendication 1 ou 2,
dans laquelle le premier réseau d’alimentation (23)
inclut un ou plusieurs déphaseurs à inclinaison des-
cendante (29) destinés à ajuster l’inclinaison des-
cendante du faisceau du premier réseau (49), et un
ou plusieurs actionneurs de déphaseurs à inclinai-
son descendante (30) commandés par le module de
commande d’actionneurs (11), en vue d’ajuster les
actionneurs de déphaseurs à inclinaison descen-
dante (30).

4. Antenne cellulaire (1) selon l’une quelconque des
revendications précédentes, dans laquelle le pre-
mier réseau d’alimentation (23) inclut un ou plusieurs
déphaseurs ou diviseurs de puissance destinés à
mettre en oeuvre un ajustement de largeur angulaire
de faisceau (32 - 34) du faisceau du premier réseau
(49), et un ou plusieurs actionneurs d’éléments
d’ajustement de largeur angulaire de faisceau (35 -
37) commandés par le module de commande d’ac-
tionneurs (11) en vue d’ajuster les actionneurs d’élé-
ments d’ajustement de largeur angulaire de faisceau
(35 - 37).

5. Antenne cellulaire (1) selon l’une quelconque des
revendications précédentes, incluant en outre une
boussole (25) fixée à l’antenne réseau (2), de sorte

que le relevé de la boussole (25) est indicatif de la
direction de l’antenne réseau (2).

6. Procédé d’ajustement d’azimut de faisceau pour une
antenne multi-réseau cellulaire (2) présentant des
premier et second réseaux (49, 48) d’éléments
rayonnants (4) configurés de manière à développer,
lorsqu’ils sont excités, des premier et second fais-
ceaux, respectivement, dans lequel le premier ré-
seau (49) présente un premier réseau d’alimentation
(23) configuré de manière à fournir des signaux au
premier réseau et à recevoir des signaux en prove-
nance du premier réseau (49) incluant un ou plu-
sieurs éléments variables (29, 32 - 34) en vue d’ajus-
ter un premier azimut de faisceau, dans lequel le
second réseau (48) présente un second réseau d’ali-
mentation configuré de manière à fournir des si-
gnaux au second réseau et à recevoir des signaux
en provenance du second réseau (48), le procédé
comprenant les étapes consistant à :

a. premièrement, orienter mécaniquement l’an-
tenne (2) de manière à obtenir une direction de
faisceau azimutale souhaitée pour le second
faisceau ; et
b. deuxièmement, régler ledit un ou lesdits plu-
sieurs éléments variables (29, 32 - 34) de ma-
nière à obtenir un azimut de faisceau souhaité
pour le premier faisceau, distinct de l’azimut de
faisceau pour le second faisceau, dans lequel

les premier et second réseaux (49, 48) sont confi-
gurés en vue d’un fonctionnement dans différentes
bandes de fréquence.

7. Procédé selon la revendication 6, consistant à obte-
nir des informations d’orientation concernant l’orien-
tation de l’antenne (2), et à orienter mécaniquement
l’antenne (2) en fonction des informations d’orienta-
tion.

8. Procédé selon la revendication 7, dans lequel les
informations d’orientation sont obtenues par l’inter-
médiaire d’une boussole électronique (25) fixée à
l’antenne (2).

9. Procédé selon la revendication 6, dans lequel le se-
cond réseau d’alimentation (48a) inclut un ou plu-
sieurs éléments variables (48b) destinés à ajuster
un azimut de faisceau, le procédé comprenant en
outre les étapes consistant à :

régler ledit ou lesdits éléments variables (48b)
du second réseau d’alimentation (48a) de ma-
nière à obtenir un azimut de faisceau souhaité
pour le second faisceau.
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