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UNITED STATES DISTRICT COURT '
NORTHERN DISTRICT OF ILLINOIS JAN 1 8 2005
EASTERN DIVISION
Judge Robert W. Gettlemar
ANDREW CORPORATION, ) United States District Court
)}
Plaintiff, )
)
V. ) No. 04 C 3594
) JURY TRIAL DEMANDED
EMS TECHNOLOGIES, INC. )
)
Defendant. )

FIRST AMENDED COMPLAINT

Plaintiff, ANDREW CORPORATION (“Andrew™) for its First Amended Complaint

against Defendant, EMS TECHNOLOGIES, INC. (hereafter “EMS”) alleges and states:

PARTIES, JURISDICTION AND VENUE

1. Andrew Corporation is a Delaware corporation, with its principal place of
business in Orland Park, Cook County, Tllinois.

2. EMS Technologies Inc. is a Georgia corporation with its principal place of
business in Norcross, Georgia.

3. This is a complaint for patent infringement pursuant to 35 U.S.C. § 271 et seq.
This court has subject matter jurisdiction over Andrew’s claims pursuant to 28 U.S.C. § 1331
and 1338.

4, EMS is doing business within this judicial district, subjecting it to jurisdiction
within the judicial district and making venue proper in this district pursuant to 28 U.S.C. §§ 1391

and 1400.
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ANDREW'’S PATENTS

5. On May 20, 2003 United States Patent No. 6,567,051 (“the ‘051 patent”) entitled
“Antenna Control System,” was duly and legally issued to William Emil Heinz and Mathea
Martin Ernest Ehlen and assigned to Andrew Corporation. A true and correct copy is attached as
Exhibit A.

6. On June 3, 2003, United States Patent No. 6,573,875 (“the ‘875 patent™), entitled
“Antenna System,” was duly and legally issued to Martin L. Zimmerman, Jamie Paske, Jim
Giacobazzi, and Kevin E. Linchan and assigned to Andrew Corporation. A true and correct copy
is attached as Exhibit B.

7. On July 8, 2003, United States Patent No. 6,590,546 (“the *546 patent™) entitled
“Antenna Control System” was duly and legally issued to William Emil Heinz and Mathias
Martin Emest Ehlen and assigned to Andrew Corporation. A true and correct copy is attached as
Exhibit C.

8. On July 29, 2003, United States Patent 6,600,457 (“the ‘457 patent™) entitled
“Antenna Conirol System™ was duly and legally issued to William Emil Heinz and Mathias
Ernest Ehlen and assigned to Andrew Corporation. A true and correct copy is attached as

Exhibit D.

DEFENDANT’S INFRINGEMENT
9. EMS has been and still is infringing the ‘051, ‘875, ‘546 and ‘457 patents by
importing, making, selling, using or offering to sell devices embodying the patented inventions
or inducing or contributing to the infringement by others of the ‘051, ‘875, 546 and ‘457

patents, and will continue to do so unless enjoined by this Court.
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10. EMS has been, and still is infringing, at least claims 37-39, 41-42, 55 and 56 of
Andrew’s ‘051 patent by importing, making, selling, using, or offering to sell devices embodying
the patented inventions, including EMS’s COBRA antenna and antenna control devices,
including models RR65-19-VDP; RR65-18-VDPL2; RR65-17-VDPL2; RR90-18-VDP; RR90-
17-VDPL2; DR65-19-VDPQ; DR65-18-VDPL2Q; DR85-17-VDPL2Q; MB48RR-65-VDPBL.;
MB48RR-80-VDPBL; and MB72RR-80-VDPBL. EMS is also inducing or contributing to the
infringement by others of the ‘051 patent, including claims 37-39, 41-42, 55 and 56, by selling or
offering to sell to third parties, with the intent to induce infringement, the COBRA antenna and
antenna control devices listed above. Further, the COBRA antenna and antenna control devices
listed above are not suitable for substantial non-infringing use.

11. EMS has been, and still is infringing, at least claims 1, 3, 13-16, 30, 44-46, 54-56,
and 62-69 of Andrew’s “457 patent by importing, making, selling, using, or offering to sell
devices embodying the patented inventions, including EMS’s COBRA antenna and antenna
control devices, including models MB48RR-65-VDPBL; MB48RR-80-VDPBL; and MB72RR-
80-VDPBL. EMS is also inducing or contributing to the infringement by others of the ‘457
patent, including claims 1, 3, 13-16, 30, 44-46, 54-56, and 62-69, by selling or offering to sell to
third parties, with the intent to induce infringement, the COBRA antenna and antenna control

devices listed above. Further, the COBRA antenna and antenna control devices listed above are

not suitable for substantial non-infringing use.




‘

4 PagelD #:285
04-cv-03594 Document #: 35 Filed: 01/18/05 Page 4 of 7 g
Case: 1:04-cv-

Andrew’s ‘546 patent by Importing, making, selling, using, or offering to sel] devices embodying
the patented inventions, including EMS’s COBRA antenng models, including models RR65-19-
VDP; RR65-1 8-VDPL2; RR65-17-VDPL2; RR90-18-VDP, RR90-1 7-VDPL2; DRé5-19.

VDPQ:; DR65-18-VDPL2Q; DR85-I7-VDPL2Q; MB48RR—65-VDPBL; MB48RR~80-VDPBL;

including EMS’s COBRA antenna models, including models RR65-1 9-VDP; RR65-1 8-VDPL2;
RR65-17—VDPL2; RR90-1 8-VDP; RR90-I7-VDPL2; DR65-19—VDPQ; DR65-18-VDPL2Q;

DRSS-I?-VDPLZQ; MB48RR—65-VDPBL; MB48RR-80-VDPBL; and MB72RR—80~VDPBL.
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WHEREFORE, Andrew brays that thig Court;

I. Preliminarily and bermanently enjoin EMS and its officers, agents, servants,
¢mployees and atlorneys and those in active concert or participation with them, who receive
actual notice of the Order, from Importing, manufacturing, using, selling and/or offering for sale,
devices which infringe the ‘051, ‘875, <546 or ‘457 patents.

4. Award Andrew jts reasonable attorneys’ feeg Pursuant to 35 J.§.C § 285
5. Grant and awarg any and all reljef found necessary and Proper under thege
circumstances.
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JURY DEMAND

Andrew requests a trial by jury on its claims,

MF%M

1el P. Albers *

athan P. Froemel
BARNES & THORNBURG LLP
10 S. LaSalle Street, Suite 2600
Chicago, I, 60603
(312) 357-1313

Todd G. Vare

BARNES & THORNBURG LLP
11 South Meridian Street
Indianapolis, IN 46204

(317) 683-1313

Attorneys for Plaintiff
Andrew Corporation

CHDS0] 254356v]
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ANTENNA CONTROL SYSTEM

This is a continuation of application Ser. No. 09/713,614,
filed Nov. 13, 2000, sntitled Antenna Control System, now
U.S. Fat. No. 6,346,924, which is a continuation of appli-

cation Ser. No. 08/817,445, filed Oct. 16, 1993, entitled -

Antenna Control System, now U.S. Pat. No. 6,198,458 B1,
which is a 371 of PCT/NZ95/00106, filed Oct. 16, 1993,

THE TECHNICAI FIELD

The present invention relates to an antenna control system
for varying the beam tilt of one or more antenna. Mors
particularly, although not exclusively, the present inventien
relates to 2 drve system for use in an antenna which
incorporates one or more phase shifter.

BACKGROUND OF THE INVENTION

10 order to produce downtiit in the beam produced by an
antenna array (for example a panef antenna) it is passible to
either mechanically tili the panel antenna or electrically steer
the beam radiated from the panel antenna according to
{echniques known in the art.

Panel antennas, such as those o which the present apphi-
cation is concerned, are often iocated on the sides of
buildings or similaz structures, Mechanical tilting of the
antenna away irom the side of the building increases the
susceptibility of the installation to wind induced vibration
and can impact on the visual environment in situations
where significant amounts of downtilt are required.

In order to avoid the ahove difficulties, electrical beam
steering can be effected by introducing phase delays into the
signal input into radiating elements or groups of radiating
elements in an antenna array, Such techniques are described
in New Zealand Patent Specification Na. 235010,

Varous phase delay techniques are known, including
inserting variable length delay lines into the network feeding
to the radiating efement or elements, or using PIN diades to
vary the phase of a signal transmitted through the feeder
network.

A further means for varying the phase of two signals is
described in PCT/NZ94/00107 whose disclosure is incorpo-
rated berein by reference. This specification describes a
mechanically operaled variable differential phase shifter
Incorporating one input and two outputs,

Far the present purpuses 1t is sufficient to note that phase
shifters such as those described in PCT/NZ94/00107 are
adjusted mechanically by sliding an external sleeve along
the body of the phase shifter which aiters the relative phase
of the signals at the phase shifter outputs.

A typical panel antenna will incorperale one or more
phase shifters and the present particular embodiment
includes three phase shifters. A signal is input to the primary
phase shifter which splits the signal into two signals having
a desired phase relationship. Each phase shifted signal is
then input inta a secondary phase shifier whose outputs
feeds at least one radiating element, In this mammer a
progressive phasc shift can be achieved across the entire
radiating element array, thus providing 2 means for electri-
cally adjusting the downtilt of the radiated beam. Cther
phase distributions are pussible depending on the application
and shape of the radiated beam.

While the steering action is discussed in the conmtext of
downtilt of the radiated beam, it is to be understood that the
preseat detailed description is not limited to such a direction,
Beam till may be produced in any desired direction.
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Another particular feature of the variable differential
phase shifters is that they provide a comtimzous phase
adjustment, in contrast with the more conventional stepped
phase adjustments normally fourd in PIN diode or stepped
length delay line phase shifters.

In a panel antenna of the type presentiy under
consideration, it is desirable to adjust the entire phase shifter
array stmultaneousty so that a desired degree of beam tilt
may be'set by the adjustment of a single mechanical setting
means. The mechanical drive which performs such an
adjustment must result in reproducible downtilt angles and
be able to be adapted to provide for a number of diferent
phase shifter array configurations.

It is also desirable that the beam tilt of an antenna may be
varied remotely to avoid the need for personnel to climb a
structure to adjusi aotenna beam tilt.

DISCLOSURE OF THE INVENTION
It is an object of the present inveation to provide a

mechanical drive system for use in adjusting mechanical

phase shifters which mitigates the abovementioned
difficulties, provides a selution 1o the design requirements of
the anlennas or antenna arrays deseribed above, or at least
provides the public with a useful choice,

Accordingly, there is provided a mechanical adjustment
means for adfusting the relative phase shifts produced by a
plurality of phase shifters connected to an array of radiating
clements, said mechanical adjusiment means includiog:

first means for moving a first portion of -a first phase

shifter relative to a second portion of said first phase
shifter to vary the phase difference between output
signals from the first phase shifter; and

second means for moving a first porton of 2 second phase

shifter relative to a second portion of said second phase
shifter to vary the phase difference between output
signals from the second phase shifter, wherein the
second phase shifter is fed from an output of the first
phase shifter and the degree of movement of the second
means is dependent upon the degree of movement of
the first means.

Preferably, movement of the second means resuits in
simultaneous movemeat of a first portion of a third phase
shifter with respect to a second portion of the third phase
shifter wherein the third phase shifter is fed from an output
of the first phase shifter.

Preferably the outpuls of the second and third phase
shifters are connected to radiating elements so as to produce
a beam which tilts as the first and second means adjusts the
phase shifters.

Preferabiy the movement of the first portion of the first
phase shifter a first distancs relative to the second portion of
the first phase shifter results in relative movement between
firs! portions of the second and third phase shiflers relative
to second portions of the second and third phase shifters of
about twice the first distance.

According to a first preferred embediment the first means
includes a gear wheel which drives a rack connected to a first
portion of the first phase shifter, arranged so that rotation of
the first gear wheel causes the first portion of the first phase
shifter to move relative to the second portion of the first
phase shifter. Preferably, the second portion of the first phase
shifter is mounted to a camiage and the outputs of the first
phase shifter are connected to inputs of the second and third
phase shifters by push rods so that movement of the second
portion of the first phase shifter moves the first portions of
the second and third phase shifters with respect to the second
portions of the second and third phase shifters,
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Preferably a second gear is provided co-axial with and
connected to a shaft driving the first gear which drives a rack
connected to the second part of the first phase shifter so that
rotation of the second gear causes movement of the first
portion of the second and third phase shifters relative to the
second portions of the second and third phase shifters.

Preferabiy the ratio between the first and second gear
wheels is about 3:1.

According to a second embodiment of the present inven-
ticn the adjustment means includes a shaft and said fiest
means includes a first threaded portion provided on said
shaft and a first cooperating threaded member connected to
the first portion of the first phase shifter, The second means
includes & second threaded portion provided on said shaft
and a second cooperating threaded member connected to the
first portion of the second phase shifter. The arrangement is
such that rotation of the shaft causes the first portion of the
first phase shifter to move relative to the second portion of
the first phase shifter at a rate of about twice that of the
mavement of the ficst portion of the second phase shifter
relative to the second portion of the second phase shifter.

Preferably the second threaded member is conpected to
the second portion of the Brst phase shifter and moves the
first portion of the second phase shiftec via a push rod. This
push rod is preferably a coaxial line connecting an output
from the first phase shifter to the input to the second phase
shifter,

Preferably there is further provided a third phase shifter
fed (tom a second output of the first phase shifter via a push
rod which moves a first portion of the third phase shifter in
unison with the first portion of the second phase shifter.

According to a further aspect of the invention there is
provided an antenna system comprising one or more antenna
including electromechanical means for varying the downtilt
of the anlenna and a controiler, external to the antenna, for
supplying drive signals to the electromechanical means for
adjusting dowatilt.

Preferably the system includes a plurality of antennas and
the controller may adjust the downtilt for the plurality of
antennas and store the degree of downtilt of each antenna in
memory.

Preferably the controller may be controlled remotely from
a control centre so that a plurality of such sysiems may be
remolely coolrolled as part of a control strategy for a number
of cellular base stations.

Preferably the electromechanical means varies the elec-
trical downtilt of each antenna and means are included for
monitoring the electromechanical means and providing sig-
nals representative of the position of the electromechanical
means to the cootroller.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will now be described by
way of example with reference to the accompanying draw-
ings in which;

FIG. 1: shows a panel antemna incorporating a phase
shifter drive mechanism according to a first embodiment of
the invention.

FIG. 2: illustrates a primary phase shifter incorporating a
gear rack.

FIG. 3: illustrates an exploded view of the adjustment
assembly incorporated into the carriage.

FIG. 4: shows diagrammatically the operation of the drive
mechanism according to the first embodiment.

FIG. 5: shows a panel antenna incorporating a phase
shifter drive mechanism aceording to a second ¢mbodiment
of the invention.
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FIG. 6: shows the phase shifter drive mechanism of FIG.
5 in detail.

FIG. 7: shows the electrical connection of the motor,
swilches and reed switch of the drive mechanism shown in

FIG. 6.

..FIG. 8: shows a controler for controlling the drive
mechanism shown in FIGS. 6 and 7.

FIG. 9 shows an antenna system according to one aspect
of the present invention having a plurality of antennas
controlled by a controller.

BEST MODE FOR CARRYING OUT THE
INVENTION

Referring to FIG. 1 there is shown the back side of a panel
antenna 4 having a first phase shifter 1, a second phase
shifter 2, a third phase shifter 3 and 2 phase shifter drive
mechanism 5. Feed line 6 is connected to input 7 of phase
shifter 1. A first portion 8 of phase shifter 1 is moveable
relative to a second porticn 9 of phase shifter 1.

Qutput signals from phase shifter 1 are supplied via lines
10 and 11 to inputs 12 and 13 of phase shifters 2 and 3
respectively. Feed lines 10 and 11 comprise coaxial push
rads which serve the funclions boih of feeding signals from
the outputs of phase shifter 1 to phase shifters 2 and 3 and
moving first portions 14 and 15 of phase shifters 2 and 3
relative to second portion 16 and 17 of phase shifters 2 and
3 respectively.

Signals output from phase shifters 2 and 3 are supplied via
coaxial lines 18, 19, 20 and 21 to be fed to respective
radiating elements (not shown).

In use first portion 8 of phase shifter 1 may be moved
relative to second portion 9 of phase shifter 1 to change the
relative phase of signals supplied via lines 10 and 11 to
phase shifters 2 and 3 respectively. First portions 14 and 15
of phase shifters 2 and 3 may be moved relative to second
portions 16 and 17 of phase shifters 2 and 3 to vary the phase
of signals supplied by lines 18, 19, 20 and 21 to respective
radiating elements.

‘When phase shifters 1, 2 and 3 are adjusted in the correct
respeclive portions the beamn emitted by the anteona caa be
tilted as required. It will be appreciated that where a less
defined beam is required fewer phase shifters may be
employed.

To achieve even continuous beam tilting for the embodi-
ment shown 1o FIG. 1 the first portions 14 and 15 of phase
shifters 2 and 3 should move relative to the second portion
16 and 17 of phase shifters 2 and 3 at the same rate. The first
porticn 8 of phase shifter 1 must however move relative to
the second portion 9 of phase shifter 1 at twice this rate. In
the arrangement shown second portion 9 of phase shifter 1
is connected to carriage 22. Mavement of carriage 22 results
in movement of first portions 14 and 15 of phase shifters 2
and 3 via push rods 10 and 11

Referring now to FIG. 4, operation of the phase shifter
drive mechanism will be explained. Secoad porticn 9 of
phase shifter 1 is mounted to a carriage 22 which can move
laft and right. If carriage 22 is moved to the left first portions
14 and 15 of phase shifters 2 and 3 will be moved to the left
via push rods 10 and 11, First portion 8 of phase shifter 1
may be moved relative to second portion 9 of phase shifter
1 to vary the phase of signal supplied to phase shifters 2 and
3.

According 1o this first embodiment a rack 23 s secured to
first portion 8 of phase shifter 1. Upon rotation of gear wheel
24 first portion 8 of phase shifter 1 may be moved to the left
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or the right. Asmaller gear whee! 25 is secured to and rotates
with gear wheel 24. This gear wheel engages with a rack 26
provided on carriage 22. A further gear wheel 27 is provided
which may be driven to rotate gear wheels 24 and 25
simuitaneously.

Gear whee! 24 has 50 teeth whereas gear wheel 25 has 30
teeth. It will therefore be appreciated that rotation of gear
wheel 24 results in first portion 8 of phase shifter 1 being
moved three times as far as carriage 22 (and hence first
portions 14 and 15 of phase shifters 2 and 3). However, as
carriage 22 is moving in the same direction as the first
portion 8 of phase shifler 1 i1 will be appreciated that the
relative movement between first portion 8 and second por-
tion 9 of phase shifter 1 is twice that of the relative
movement between the first and second portions of phase
shifters 2 and 3. Accordingly, this arrangement results in the
relalive phase shift produced by phase shifter 1 being twice
that produced by phase shifters 2 and 3 (as required to
produce even beam tilting in a branched feed arrangement).

The particulur arrangement is shown in more detail in
FIGS. 2 10 4. It will be appreciated that gear wheel 27 may
be driven by any appropriate manual or driven means. Gear
whee] 27 may be adjusted by a knob, lever, stepper motor or
other driven actuator. A keeper 28 may be secured in place
to prevent movement ornce the desired scttings of the phase
shifters have been achieved.

Referring now to FIGS. 5 and 6, a second embodiment
will be described. As seen in FIG. 8, the arrangement is
substantiaily the same as that shown in the fitst embodiment
except for the drive mechanism 30 employed, which is
shown in FIG. 6.

In this embediment the drive mechanism includes a shaft
31 having a first threaded portion 32 and a second threaded
portion 33 provided thereon. A first threaded member 34 is
connected to a first portion 35 of primary phase shifter 36,
A second threaded member 37 is connected to the second
portion 38 of primary phase shifter 36.

First threaded portion 32 is of three times the pitch of
second threaded pertion 33 (c.g. the pitch of the frst
threaded portion 32 is 6 mm whereas the pitch of the second
threaded portion is 2 mm). In this way, first portion 35 is
driven in the direction of movement at three times that of
second portion 38. In this way the phase shift produced by
primary phase shifter 36 is twice that of second and third
phase shifters 39 and 40.

Shaft 31 is rotated by motor 41, This may suitably be a
geared down 12 volt DC motor. The other end of shaft 31 is
supported by end bearing 42. A reed switch 43 is provided
to detect when magnets 44 pass thereby. In this way the
number of rotations of shaft 31 may be monitored. Limit
switches 45 and 46 may be provided so that the motor is
prevented from further driving shaft 31 in a given direction

- if threaded member 34 abuls a lever of limil switch 45 or 46
respectively.

Operation of the drive means according to the second
embodiment will now be described by way of example.
Motor 41 may rotate shaft 31 in an anticlockwiss direction,
viewed from right to left along shaft 31. Threaded member
37 is driven by second threaded portion 33 to move push
rads 47 and 48 to the left, and thus (o adjust phase shifters
39 and 40.

Threaded member 34 is driven to the left at three times the
rate of threaded member 37. First portion 35 thus moves to
the left at three times the rate of second portion 38. First
portion 35 therefore moves relative to second portion 38 at
twice the speed the first porticns of phase shifters 39 and 40
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move relative to their respective second partions. [u this
way, delays are introduced in the paths to respective radi-
ating elements so as io produce an evenly tilting beam.

The conductivity of reed switch 43 is monilored so that
the number of rotations, or part rotations, of shaft 31 may be
mounitered. If the motor continues driving shaft 31 until
thteaded member 34 abuts the lever of limit switch 45 then
logic circuitry will cnly permit motor 41 to drive in the
opposite direction. Likewise if threaded member 34 abuts
the lever of limil swiich 46 the motor 41 will only be
permitted to drive in the opposiie direction.

1t will be appreciated that the techniques of both embodi-
menis could be employed in antenna arrays usiog a larger
mumber of phase shifters. In such applications the relative
movement of the first portion of each phase shifter relative
to the second portion of each phase shifter would decreased
by a factor of 2 for each successive phase shifter along each
branch. The ratios used may be varied if the radiation pattern
of the antenna meeds to be altered to account for the
directivity of the individual radiating elerments and the effect
of the back panel as the amount of downtilt is varied.

Components of the drive mechanism 30 are preferably
formed of plastics, where possible, to reduce intermadula-
tion. Threaded members 34 and 37 preferably include plastic
links to phase shifter 36 to reduce intermodulation.

[t will be apprecizted that & number of mechanical drive
arrangements may be used lo achieve adjustment of the
phase shifters in the desired ratio. It is also to be appreciated
that sophisticaied control electronics may be employed,
although the simpiicity of construction: of the present inven-
tion is seen as an advantage.

FIG. 7 shows how motor 41, reed switch 43 and switches
45 and 46 are connected ta lines 71, 72, 76 and 77 from an
externul controller. Lines 71, 72, 76 and 77 are sheathed by
conduit 78. Lines 71 and 72 supply current to drive motor
41, Section 73 ensures that if threaded member 34 is driven
to either the left-hand side limit or the right-hand side limit
it can only be driven in the oppesite direction. In the position
shown in FIG. 7, switch 45 directly connects line 71 to
swilch 46 via diode 74. In the position shown switch 46
connects line 71 to motor 41 via diode 75. This is the normal
position of the switches when threaded member 34 is not at
cither extreme limit. When threaded member 34 is driven 10
the extreme left, for example, aud actuates switch 45, then
switch 45 open circuits the path via diode 74. Driode 74
allows current flow in the direction ailowing motor 43 10
drive 1o the left. Accordingly, when switch 45 is open, motor
41 can only drive in such a direction as to drive threaded
member 34 to the right (i.e.: current in the direction allowed
by diode 75).

Likewise, if threaded member 34 is driven to the extreme
right, switch 46 is opened to break the path via diode 75.
This prevents motor 41 driving in such a direction as to drive
threaded member 34 further lo the right.

Lines 76 and 77 are connected to reed swiich 43 so that
the opening and closing of reed switch 43 may be monitored
by an external control unit. In use, the opening and closing
of reed switch 43 may be monitored to determine the

" position of threaded member 34, and hence the correspond-

&0

&5

ing degree of tilt of the anlenna.

To select an initial angle of downtilt threaded member 34
may be driven to the extreme right. An external controller
may provide a current in one direction to motor 41 to drive
member 34 to the right. The motor will continue to be driven
to the right until threaded portion 34 abuts switch 46. When
switch 46 is opened dicde 75 will be open circuited, which
will prevent the motor being driven further to the right.

g
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The contraller will sense that threaded member 34 is at its
extreme right position as it will detect that reed switch 43 is
not opening and closing. After a predetermined delay the
controller may then provide a current {n the opposite direc-
tion via lines 71 and 72 to motor 41 to drive it to the left. As
the motor is driven fo the left the controller will monitor the
opening and closing of reed switch 43 to determine how far
threaded member 34 has moved to the left. The controlier
will continue to move threaded member 34 to the left uniil
reed switch 43 has opered and closed a predetermined
number of times, correspanding to a desired angle of down-
tilt. Alternatively, threaded member 34 may be drivee to the
extreme left and then back to the right.

As shown in FIG. 9, at an antenna site a aumber of such
panels 90 may be installed aed controiled by a siegle
controller 80 as shown in FIG. 8. The four wires 71, 72, 76,
and 77 correspond to respective cable groups 78 to three
such antenna panels. Controtler 80 may be provided at the
base of an antenna site to allow an operator to adjust the tilt
of a plurality of anlennas at ground level, rather than
requiring & serviceman to climb up the antenna structure 92
and adjust each antenna manually. Alternatively, controller
80 may be a hand-held unit which can be piugged into a
connector at the base of an antenna to adjust the antenna at
a site.

Controller 80 may include a display 81, an “escape”
butten 82, an “enter” bution 83, an “up” button 84 and
“down” button 85. At power up display 81 may simply
display a home menu such as “Deltec NZ Ltd@© 1995”. Upon
pressing any key, a base menu may be displayed including
options such as:

unlock controls

set array tilt

measure (it

enable array

disable array

lock controls

The up/dows keys may be used to move through the memu
and the enter key 83 used to select an option. If “unlock
conirols” is selected a user will then be required to enter a
three digit code. The up/down keys may be used to move
through the oumbers 0 to 9 and eater used to select each
number. If the correct code is entered “locked released”
appears. If the incorrect code is entered “controls locked”
appears and a user is returned to the home menu. If “set array
uit” Is selected from the base menu the following may
appear:

set array tilt

array; 01 X.X°

The up-down keys 84, 85 may be used to select the
desired array number. The enter key accepts the seiected
array and the previously recorded angle of downtilt may be

- displayed as follows:

set array tilt

arcay: 01 4.6°

In this example the previcusly set angle of dowatilt with
4.6°, Using the up/down keys 84,85 a new angle may be
entered. Controller 80 may then provide a current to motor
41 via lines 71 and 72 to drive threaded portion 34 in the
desired direction ta alter the dowuotilt, The opening and
closing of reed switch 43 is monitored so that threaded
member 34 is moved in the desired direction for a prede-
termined number of pulses from reed switch 43. The down-
tilt for any other array may be changed in the same manper,
If the controller is locked a user may view an angle of
downtiit but wiil not be able to alter the angle.
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If the “measure array” option is selected the present angle
of downtilt of the antenna may be determined. Upon select-
ing the “measure tilt” function from the base menu, the
following display appears:

measure Lilt
“array: 01 X, X°

The up/down bultons may be used Lo select Lhe desired
array. The enter key will accept the selected array. To
measure the actual angle of downtilt contreller 80 drives 2
motor 41 of an array to drive member 34 1o the right. Moior
41 is driven uatil threaded member 34 abuts switch 46. The
controlier 80 counts the number of pulses from resd switch
43 (0 determine haw far threaded portion 34 has traveled. At
the extreme right position the controller 80 determines and
displays the angle of downtilt, calculated in accordance with
the number of pulses connected from reed switch 43. The
controller 80 then drives threaded member 34 back in the
opposite direction for the same number of puilses from reed
switch 43 so that it returns to the same position. The angle
of downtilt for each antenna may be stored in memory of
controller 80. This value will be updated whenever the
actual angle of downtilt is measured in this way. The
“measure tilt” function may not be used if the controller is
locked.

Controiler 80 may include tables in memory containing
the oumber of pulses from reed switch 43 that must be
counted for threaded member 34 te achieve each desired
degree of downtilt. This may be stored as a table containing
the number of pulses for cach required degree of downtilt,
which may be in 0.1° steps. This approach ensures that any
non-linearities of the anteana may be compensated for as the
tables will give the actual amount of movement required 1o
achieve a desired downtilt for a given antenna.

The “coable array” tunction may be used to enable each
array whea installed. The controlier 80 will be prevented
from moving any array that has not beer enabled. Controfler
80 will record in memory which arrays have been enabied.
The “disable array”™ function may be used to disable arrays
in & similar manner. :

The “lock controis™ function may be used to lock the
controller once adjustment has been made. A “rack error”
signal may be displayed if the array has not operated
correctly. This will indicate that an operator should inspect
the array. :

Adjustment of the array may also be performed remotely.
Controller 80 may be connected to modem 86 via serial line
87 which may connect via telephone line 88 to a central
controller 8Y. Alternatively, the controller 80 may be con-
nected to a central controller 89 via a radio link etc. The
functions previously discussed may be effected remotely at
central controller 89. In a compuler controlled system
adjustments may be made by a computer without operator
intervention. In this way, the system can be integrated as part
of a control strategy for a cellular base station, For example,
a remote control centre 89 may adjust the downtilt of
antennas at a cellular base station remotely to adjust the size
of the cell in response to traffic demand. [t will be appreci-
ated that the capability to continucusly and remotely control
the electrical downtilt of a number of antenna of a cellular
base station may be utilised in a nsumber of control strate-

15,
’ Central controller 8% may be a computer, such as an IBM
compatible PC running a windows based software program.
A main screen of the program may show information
regarding the antenna wnder control as follows:
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NAME ANGLE VALUE NEW STATUS
GROUP 1
antenna 1 1 south vTOo1 12° 12.5° setting
antenna 2 1 aorth VTD1 12° 12.5°  queved
antenna 3 1 west VTO1 12° 12.5° queusd
GROUP 2
antenna 4 2 south vI01 67 pending
anienna § 2 north VT01 §° 5 nudging
antenna § 2 wesl vTO1 6° faulty

The antennas may be arranged in groups at each site.
Group 1 for example contains antennas 1, 2 and 3. The
following information about each antenna is given:

Name: this is the vser assigped name such as 1 south, 1
north, 1 west etc.

Type: this is the antenna type which the controller commu-
nicates to the PC at start-up.

Current Angle: this is the actual degree of beam tilt of an
antenna which is communicated from the coantroller to the
PC zt start-up. The controller also supplies to the PC each
antennas munimum and maximum angles of tilt.

New Value: by moving a pointer to the row of an actennz
aad clicking a button of a mouse the seitings of an anteana
may be varied. When a user clicks on the mouse the
following options may be selected:

Name—the user may change the group ar antenna
name.

Adjust—a user may enter a new angle in the “new
value” column 1o set the antenna to a new value,

Nudge—the user may enter a relative value (e
increase or decrease the tilt of an antenpa by a
predetermined amount),

Measure—the controller may be instructed to meastire
the actual angle of tilt of an antenna or group of
antennas.

if an antenna is in a “fault” condition then it may not be
adjusted and if a user clicks on a mouse when that antenna
is highlighted a dialogue box will appear instructing the user
to clear the fault before adjusting the antenna.

Each antenna also includes a field indicating the status of
the antenna as follows:

O.K.—the anteona is functioning normally,

Quened—an instruction to read, measure, set or mudge the

antenna has been queued until the controller is ready.

Reading-—when information about an antenna is being

read from the controller.

Measuring—when the actual degree of tilt of the antenna

is being measured.

Setting—when a new tilt angle is being set.

Nudging—when the it angle of the antenna is being

nudged.

Faulty—where an antenna is faulty,

When adjusting, measuring or nudging an antenma a
further dialogue box may appear describing the action that
has been instructed and asking a user to confirm that the
action should be taken. This safeguards against undesired
commands being carried out.

Information for a site may be stored in a file which can be
recalled when the antenna is to be monitored or adjusted
again. Tt will be appreciated that the software may be
modified for any required control application,

Coutroller 80 may be a fixed contreller installed in the
base of an anteona site or could be a portable control unit
which is plugged into cennectors from control lines 78.

10

20

30

35

45

50

55

60

65

10

Whete in the foregoing description reference has been
made to integers or components having koown equivalents
then such equivalents are herein incorporated as if individu-
ally set forth.

Although this invention has becn described by way of
example it is to be appreciated thal improvemenis and/or
modifications may be made thereto without depacting from
the scope or spirit of the present invention,

INTUSTRIAL APPLICABILITY

The present invention may find particular application in
antenna systems, such as those used in cellular communi-
cation systems.
What is claimed is:
1. A method of adjusting a fixed beam clevation in a
cellular base station telecommunication system, the system
having a panel antenna adapted to moun: a plurality of
vertically spaced radiating elements, the method compris-
ing:
providing a differential electromechanical phase shifter
having a tramsmission line section coupled to said
radiating elements, and 2 trapsmission line input which
is moveable relative 10 said transmissien line section to
differentially adjust physical path lengtbs of transmis-
sion line outputs to said coupled radiating elements;

operatively linking a first controller to said electrome-
chanical phase shiftec; _

operatively coupling a second controller to said first

controller from & location remote from said first con-
troller; and

employing said first and second controilers and from the

location of said sccond controller effecting controlled
movement of said transmission line input relative to
said transmission line section to adjust the beam from
a first fixed elevation to a second fixed elevation.

2. The method defined by ciaim 1 wherein said controlled
movement is produced by an electric motar located at the
antenna which is mechanically coupled to said phase shifter
and electrically coupled directly to said first controller,

3. The method of claim 2 wherein said controlled move-
ment is effected by maotor-driven drive devices selected from
the group consisting of a screw drive, rack-and-pinion drive,
and gear drive.

4. The method of claim 2 wherein said motor is a pulse
driven motor, and wherein said methed includes:

causing the motor to displace said transmissios line input

to a displacernent limit position corresponding to a
predetermined signal phasing; and

providing a predetermined number of pulses to the mator

lo cause the motor to displace said rapsmission line
input away from said displacement limit position by a
predetermined amount 5o as to achieve a predetermined
beam elevation.

5. The method of claim 1 wherein the phase shifter has
plastic components to reduce intermodulation distortion. .

6. The method of claim 1 wherein said phase shifter is
adapted to adjust beam elevation sclected in response (o
traffic demands. :

7. The method of claim 1 wherein at least one of said
operatively linking and operatively coupling steps uses a
wireless link.

8. The method of claim 7 further including the step of
configuring said wireless link as a radio link.

9. The method of claim 1 further including the step of
locking said phase shifter after it has been adjusted.

10. The method of claim 1 wherein said first and second
controllers control said phase shifter through a telephone
link.
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1. The method of claim 1 wherein at least one of said
controdlers is personal computer,

12. The method of claim 1 further including the step of
locating said first controller at an antenna support structure,
and remotely locating said second coatroller from said first
controller.

13. The method of claim 1 further including the step of
locating said first and second controllers remotely from said
antenna.

14. The method of claim 1 further including the step of
adjusting said phase shifter to produce an increase in an
elevation angle of the beam or a decrease in an slevation
angle of the beam, said adjusting performed by at least one
of said first and second centrollers.

15. The method of claim 1 including the step of adjusting
said phase shifter to produce selected different phasing of
signals supplied to at least selected radiating efements, said
adjusting performed by at least one of said first and second
controliers.

16. The method of claim 1 including the step of adjusting
a phasing of signals supplied to at least selected radiating
elements by predetermined amounis, said adjusting per-
formed by at least ove of said first and second controllers.

17. The method of claim 1 including the step of measuring
a phase value of signals supptiied to at least selected radiating
¢lements, said measuring performed by at least one of sad
first and second controflers.

18. A cellular base station telecommunpication system,
comprising; '

a panel antenna adapted to mount 2 plurality of spaced
radiating elements producing a beam having a fixed
elevation;

a differential eleciromechanical phase shifier baving a
transmission line section coupled to said radiating
elements and a transmission line input which is move-
able relative to said transmission line section to differ-
entially adjust physical path lengths of transmission
line cutputs to the coupled radiating elements;

an electric motor mechanically coupled to said phase
shifter;

a first controller operatively linked to said electrome-
chanical phase shifter; and

a second controller operatively linked to said fiest
controller, said first and second controllers being con-
figured to effect displacement of said transmission line
inpuf relative to said transmission line section to adjust
the beam from a first fixed slevation to a second fixed
elevation.

19. The system of claim 18 configured to adjust selected

beam elevation in response to traffic demands.

20, The system of claim 18 wherein said controlled
movement is effected by drive devices selected from the
group coosisting of a screw drive, rack-and-pinion drive,
and gear drive, )

21. The system of claim 18 wherein at least one of said
links is a telephone link.

22. The system of claim 18 wherein at least one of said
links is a wireless link.

23. The system of claim 22 wherein said wireless link is
a radio link.

24, The system of claim 18 further including a phase
shifter lock.

25. The system of claim I8 wherein at least one of said
controlfers is a personal compter.

26. The system of claim 18 further including an antenna
support structure wherein said first controller is located at
said anlenna support structure.
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27, The system of claim 18 further including 2o antenna
support structure wherein at least oge of said first and second
controllers is located remotely from said antenna support
structure.

28. The system of claim 18 adapted to adjust a phasing of
signals supplied to the radiating elements 50 as (o cause an
increase in an elevation angle of the beam or a decrease in
an elevation angle of the beam.

29. The system of claim 18 adapted to select a predeter-
mined phasing of signals supplied to at least selected radi-
ating elements. .

30. The system of clzim 18 adapted to change a phase of
the signals supplied to at least selected radiating elements by
predetermined amouats.

31, The system of claim 18 adapted to measure a phase
value of signals supplied to at least selected radiating
elements.

32, The system of claim 18 adapted to identify a status of
said zoleona,

33. The system of claim 18 wherein ai least one of said
controllers is a portable or handheld device.

34. The system of claim 18 further including an antenna
support structure, and wherein said first controtler is located
at said support stmucture and said second controller is
remotely located from said support structure.

35, The systemn of claim 34 wherein said first and second
coatrollers are coupled by a wireless link.

36. The system of claim 34 wherein said first controller is
coupled to said phase shifter by a wire.

37. An antenna control arrangement for use in or with a
cellular base station telecommunication sysiem, the system
having an electromechanical phase shifter and an antenna
with a plurality of radiating elemenis coupled to a feed
network, the control arrangement comprising a hierarchical
organization of controllers coupled to and operatively cor-
teolling said electromechanical phase shifter.

38. The conircl arrangement defined by claim 37 further
inciuding a first controller operatively coupled to and con-
trolling said phase shifter, and a second controller opera-
tively coupled to and controlling said first controller.

39. The control arrangement defined by claim 38 wherein
said first controiler is located near said antenna, and wherein
said second controller is located remotely from said frst
controiler.

40. The control arrangement defined by claim 38 wherein
said first and second controllers are coupled by a wireless
link.

41, The control arrangement of claim 37 wherein at least
said second controller is a personal computer.

42. The control arrangement of claim 37 wherein at least
said first controiler is a portabie or handheld device.

43. An antenna control arrangement for use in or with a
cellular base station telecommunication system, the aatenna
coatrol arrangement comprising;

an antenna with a plurality of radiating elements;

the antenna coupled to a feed network having 2 power-

dividing differential electromechanical phase shifter;
and

first and second controllers for communicating control

signals to said electromechanical phase shifter.

44, The control arrangement of claim 43 wherein at least
one of said first and second controllers is remotely located
remotely from said antenea control arrangement.

45, The control arrangement of claim 43 wherein at least
said second controller is a personal computer.

46. The control arrangement of claim 43 wherein at least
said first controller is a portable or handbeld device.

L
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47. A cellular base station telecommmunication system
having an antenna with a plurality of radiating elements
coupied to a feed network, the system comprising;
an electromechanical phase shifter having at least one
movable compoeent such that z relative displacement

of the at least one moveable component varies a’

physical path length of signals supplied o at least
selected radiating elements;

@ motor coupled to at least one of said moveable
components, and

a first controller configured to provide drive signals to

said motor,

d48. The system of claim 47 wherein said motor is a
stepper motor.

49, The system of claim 48 wherein said first controller is
configured to supply a predetermined number of drive pulses
to said siepper motor.

50. The system of claim 47 wherein said motor is located
on said antenna,

51. The system of claim 47 wherein said motor is
mechanically coupled to said phase shifter and drives said
phase shifter.

52. The system of claim 47 wherein said frst contraller is
remotely located from said antenna.

10
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33. The system of clajm 47 further including 2 second
coatroller operatively coupled to and controlling said first
controlier.

54. The system of claim 53 wherein the second controller
is a portable or handheld device.

35. A cellular base station telecommunication system, the
system developing a beam, the system comprising:

an antenria having a plurality of radiating elements;

a signal feed netwark operatively coupled to said radiat-

ing elements;

an electromechanical phase shifter formed as part of said

signal feed network; and

a portable or handheld controller configured to contrai

said plase shifter.

56. A method for adjusting a beam of a cellular base
station telecommunication system, the system having an
antenna with a plurality of radiating elements driven throngh
a signal feed network tp develop the beam, a method
comprising the steps of:

providing an electromechanical phase shifter that forms a

part of the signal feed network; and

controHing said phase shifter with a portable or handheld

controller.
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info a first group and a second group. Both groups of
antennas are mounted on a panel. A first phase adiuster is
coupled 1o the first antenna group. The first phase adjuster is
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coupled to said second amtenna group., The first phase
adjuster is coupled to the second phase adjuster, such that an
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of the second phase adjuster. The first phase adjuster is
adapted to adjust a phase angle of the signal of the first
antenna group, while the second phase adjuster is adapied to -
adjust a phase angle of the signal of said second anterna

group. .

55 Claims, 8 Drawing Sheets

EXHIBIT

s

tabbies™




Case: 1:04-cv-03594 Do\cument #:

35 Filed: 01/18/05 Pagé 25 of 74 PagelD #:306

p ™

US 6,573,875 B2

Page 2
™ U.S. PATENT DOCUMENTS GB 2158096 A 11/1985 vene HO1Q/3/36
GB 2159333 A 11/1985 ... B01Q/3/36
- 4427984 A 1/1984 Anderson ... . 3437764 GB 2165 397 A 4/1986 ... HO1Q3/36
4,451,699 A 5/1984 Gruenberg ... e 45517 GB 2 196 484 A 4/1988 - HO1Q/3/36
4,532,518 A 7/1985 Gaglione et al, . 343372 oB 2205 946 A 12/1988 ... HO1Q/3/38
4,564,824 A 1/1986 Boyd, Ir. ....... e 3337137 GB 2 232 536 A 1241990 ... HO1Q/3/36
4,575,697 A 3/1986 Rao et al. ... .. 333157 P 61-172411 21086 . HOLQ/21/22
4,652,887 A 371987 Cresswell ... ... 3437766 P 1-120506 5/1989 ... HO1Q/3R6
4,714,930 A 12/1987 Winter et al. .. 343/786 P 02-174302 A 4/1900 ... BO1Q/3/26
4,717,918 A 1/1988 Finken ...ccovenvveirienn. 342/368 Ay d 2-174403 A 441990 .. HO1Q/S3/32
4,763,001 A 8/1988 Chan-Son-Lint et al. ... 333/139 P 2-121304 511990 e HOLO/3/04
4779097 A 10/1988 Morchin .....cccceeeunvennnr, 342/368 1P 2.174402 711690 . HOLQ//16
4788515 A 11/1988 Wong et al. w 333/160 P 2-200306 11/1990 ... HO1Qm3/32
4,791,428 A 12/1988 Anderson ... .. 343/758 IP 4-286407 10/1992 . HO10/21/06
4,804,890 A 2/1989 Wurdack et al, .. 318/600 P 5-121915 51993 .. . HOUP/S/12
4814774 A 31989 Herczfeld ...... L3437 5101120 711993 - T Holom/3
4,321,596 A 4/1989 Eklund ....... aa 74[‘479 P 6-196927 71594 . s HOlez.S,IDO
4881082 A 11/1989 Graziano . - 342/432 iP 08047043 A 21996 oo, HOLO/A/26
5,162,803 A 11/1992 Chen ....... W 342372 NZ 264864 11/1994
5,175,556 A 12/1992 Berkowitz .. e 3427354 NZ. 272778 8/1995
5,181,042 A 1/1993 Kaise el al, 34370MS wo WO 88/08621 11/1988 v HOLQ/3/36
5,184,140 A 2/1993 Hariuetal ... e 3427372 WO WO 92/16061 91992 .. HO4B/7/26
5214364 A 5/1993 Perdue et al. ..crcrurrrens 318/600 WO WO 93712587 6/1993 .. HO4B/7/26
5281974 A 1/1994 Kuramoto et al. ... 343/700 MS WO WO 95/10862 4/1995 . HO1Q/3/32
5,440,318 A 8/1995 RBuiland et al. .c.euconree, 343/814 WO WO 96/14670 571996
5,488,737 A 1/1996 Harbin et al. ...... . 455/33.1
3512914 A 4/19%6 Hadzoglou et al. .. 343/816 OTHER PUBLICATIONS
g,’ggé:ggg j: ?ﬁggg g:;:ll: iefla] ‘;552%%}: “Microwave Scanning Systems” published about 1983, pp.
S617103 A * 471997 Koscicaetal, ... 343700 Ms 48 10 13L
5,659,885 A 81997 Taira etal .ovoeonneoo... 455/81 “Low Sidelobe and Titled Beam Base-Station Antennas for
5,798,673 A 81998 Drach ....ceeeee. 333/161 Smaller—Cell Systems,” published io or about 1989, Yamada
5,801,600 A 9/1998 Butland ef al, 3331127 & Kijima, NTT Radic Communication Systems Laborata-
5,805,996 A 9/1998 Salmela .......... 455/453 ries, pp. 138 to 141,
?g}gﬁgﬁ i i?; iggg 2;:3‘::(":1""’" - 3:253? “Electrical Downtilt Through Beam-Steering versus
5005462 A 51999 Hampel et al. . 340372 ;/;eclh—a:wal Downlilt,” G. Wilson, published May 18, 1992,
g:g;;:égg ﬁ l?ﬁggg g:g:i‘;;la;.": 3?£?8%§ Ma‘bile Telephonel Panel Array (MTPA) Amzrmc‘:: Field
6,188,373 BI 272001 Markek .ovvvvsensiansinns. 343/893 Adjustable Downtilt Models published in Australia on or
6,198,458 B1 * 3/2001 HeinZ et al. woeeeoemnene. 343/853  about May 4, 1994.
6,239,744 B1  5/2001 Singer et al. wooeonican. 3427359  Mobile Telephone Panel Array (MTPA) Antenna: VARITILT
Continuously Variable Electrical Downtilt Models (includ-
FOREIGN PATENT DOCUMENTS ing specifications sheet) published in Australia on-or about
EP 137-562 A 10/1983 o HO1QA336  Sep. 1994,
EP 0 137-562 A2 4/1985 ... HO1Q/3/36 Supplementary European Search Report for Application No.
EP 241-153 A 4/1986 ... HO1Q/A3/38 EP 93 93 3674 dated Jan. 9, 1999,
EP 0741153 BT 10/1987 o HO1QBA8  Inlernational Search Report for PCT/NZ 95/00106 mailed
EP 357-165 A 8/1988 . HOLQ/3/36 Jan. 23, 1996.
EP 308-637 A /1989 - HOLQ//38 Microstrip Base Station Antennas for Cellular Communica-
EP 0 357 165 A2 3/19%0 ... HOtQ3/36 . !
EP 0308 637 A2 11/1950 . HOIQAA8 tions, Strickland et aL‘, 1991 IEEE.
Ep G473 512 AZ - 4/1901 o H010/3/38 Antenn:':ls, NI.G.Tec‘bmcal Reports vol. 57, Mar. 8—1.1, 1“977
EP 0588 170 A1 3/1994 ... HO10Y3/42 (including original in German and complete transiation into
EP 0593 822 Al 4/1994 . HOlQ/25m0  English).
EP 0595726 Al 5/1994 .. HOLQY3/46 Beam Steering of Planar Phased Arrays ~T.C, Cheston, John
EP 0618 635 AZ  10/1994 . HOLQ/3/26 Hopkins University, Applied Physics Laboratory (Chapter in
EP 0616 741 Bl 11/1995 - HO4B/2/26-  Phased Array Antennas, Oliner & Knittel 1972).
ER 2 581 255 L0/2986 oo HOIP/L/IS European Search Report for Application No. EP 02 01 0597
GB 1314 593 41973 i HO1P/1/18
GB 2035700 A 6/1980 .o HO1Q/f3/36

* cited by examiner




US 6,573,875 B2

PR ——— e

Sheet 1 of 8

091

Jun. 3, 2003
5

Case: 1:04-cv-03594 Document #: 35 Filed: 01/18/05 Page 26 of 74 PagelD #:307

U.S. Patent
™~
i/’
™~
l/’
T~
l/




T

Case: 1:04-cv-03594 Document #: 35 Filed: 01/18/05 Page 27 of 74 PagelD #:308

£
i

US 6,573,875 B2

Sheet 2 of 8

Jun. 3, 2003

U.S. Patent

092

0y s —

05€ )
o
ocy 06¢ W AV EER 00% ppe 0CE

0L s\ﬁm\_‘,\w\ | % h 08¢

[
0% o 868 012 a8y 06y

01

0t




TR ‘a"-mw'ﬂ;- T i\g\‘ gl ST g TR ]f_ WTETE

Case: 1:04-cv-03594 Document #: 35

Filed: 01/18/05 Pagé 28 of 74 PagelD #:309

- U.S. Patent Jun. 3, 2003 Sheet 3 of 8 US 6,573,875 B2

536

261

2855 500a




Do B et Py creperi w0 ey Ko — P J——

o T

Case: 1:04-cv-03594 Document #: 35 Filed: 01/18/05 Page 29 of 74 PagelD #:310

U.S. Patent Jun. 3, 2003 Sheet 4 of 8 US 6,573,875 B2

O O

550a ¢ 550b

O O

T =560

& BT 5%

FIG. 6a

5500

590




T fitus el T TT A ST T AT Eome s e

P

é‘éée: 1:04?cv-035§4 Ijo‘c-umer.\t‘.#‘:‘SS Flled 01/18/05Page 30 df 74 PégeID #:éll

U.S. Patent Jun.3,2003  Sheet 5 of 8 US 6,573,875 B2

536




s e [RE——— AR LA Pt eER G s e e TEaTIT o T ety AT ARTm ko]
Peing i " e AT i B LA S

Case: 1:04-cv-03594 Document # 35 Filed: 01/18/05 Page 31 of 74 PagelD #312

U.S. Patent Jun. 3, 2003 Sheet 6 of § US 6,573,875 B2

595

FIG. 8




e e I 5 ¥ iyl

-

313 B

R e

Case: 1:04-cv-03594 D_deUmelhxf"#:- 35 Filed: 01/18/05 ‘I5lége 32 of 74 Isagellg#':

U.S. Patent Jun. 3, 2003 Sheet 7 of 8 US 6,573,875 B2

GROUND BASED
CONTROLLER

5

630

FIG. 8A




6 "Oid

US 6,573,875 B2

30MN0S
TYNDIS 2LOWIY YaHLO 059
0L —_—| HOWOOU T04INOD

Sheet § of §

Jun. 3, 2003

QA

YOSN3S

HIAEFIIY NOILISOd HAANOJSNYIL

| | |

002 0L 90!

Case: 1:04-cv-03594 Document #: 35 Filed: 01/18/05 Page 33 of 74 PagelD #:314

U.S. Patent




R AT e I3 s,

“C'a.se: i:04;cv-63594 Ijocume

aTat]

# 35‘ F|I

nt

2a)

'éd: (:)1/-1'8/057Pa'ge 340

P i [ =T X - f e ot

i I

-'f 74: Pagel '

US 6,573,875 B2

1
ANTENNA SYSTEM

" BACKGROUND OF THE INVENTION

In many passive anlenna assemblies, it is often desired to
be able to adjust a radiation pattern of the antenna assembly
after the agtenna assembly bas been installed on a tower. The
need may arise due to a number of factors, including new
construction, which may create obsiacles, vegetation
growth, or other changes in the surtounding environmeat, [t
may also be desired to alter the radiation pattern due to
performance studies or 1o alter the shape of the area the
anteona covers.

There are various ways that the radiation pattern may be
aitered, One method is to physicatly change the lecation of
the antenna assembly. Once the assembly has been instailed
on a tower, however, this becomes difficult. It is also
possible to change the azimuth and elevation of the indi-
vidual antennas, but such a method is expensive when
applied to several antennas, Also, the mechanical device

required to adjust the azimuth and elevation may interfere

with the mechanical antenna mount.

Another method that has been utilized to adjust the
radiation pattern of a number of antennas grouped onto one
antenna assembly is to alter the phase angle of the individual
antennas. By altering the phase angle of the individual
antennas, a maio beam (which causes the radiation pattern)
is tilted relative to the surface of the earth. The antennas are
grouped into a first group, a second group, and a third group.
All three groups are disposed along a panel of the antenna
assembiy. A phase adjuster is disposed between two of the
antenna groups, such that an adjustment of the phase
adjuster changes the radiation pattern. The phase adjuster
comprises a conductor coupled with a transmission iine to
create a capacitor. The conductor is rotatable and moves
along the transmission line, changing the location of the
capacitor on the transmission line. The transmission line is
coupled te an anteana which has a phase angle. The phase
angle is dependaat partially on the location of the capacitor,
Thus, by changing the location of the capacitor, the phase
angle is changed. The phase adjuster may be coupled to a
plurality of antennas and acts to adjust the phase angle of all
of them.

The phase adjusters currently in use, however, have
pumerous drawbacks. Firsl, the conductor is often made of
brass which is expensive to etch and cut. Therefore, the
conductor 35 usually cul in a rectangular shape. The path of
the transmission line, however, is arcuate. The conductor
does not cover the entire width at the capacitor, which
decreases the effectiveness of the capacitance.

Another problem with current phase adjusters is the
coupling of a power divider to the phase adjuster. The
antenna assembly receives power from one source. Each of
the three groups of antennas, however, has different power
requirements. Thus, power dividers must be conuected to the
assembly. Currently, a2 power divider may be a series of
cables having different impedances. Using a variety of
cables makes manufacturing difficult since the cables have
to be soldered together. Also, since manual work is required,
the chances of an error occurdng is increased. Agother
method af dividing the power is to create a power divider on
a PC board and then cable the power divider to the phase
adjuster. Although this decreases some costs, it still requires
the extensive use of cabling, which is a disadvantage.

A third problem is caused by the use of cable lines having
different lengths lo commect an antenoa to the appropriate
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output from the phase adjuster. Each antenna has a different
default phase angle when the phase adjuster is set to zero.
The default phase angle is a function of the cable length
coupled with the length of the transmission line. To achieve
the differing default phase angles, cables of varying tengths
are attached to different antennas. Although this only creates
a-slight increase in manufacluring costs since cables of
varying lengths must be purchased, it greatly increases the
likelihood of error during instailation. In numerous anternna
assemblies, the cable lengths only differ by an inch or less.
During assembiy, if a cable is not properly marked, it may
be difficult for the person doing the assembly to tell the
difference between the different sizes of cabie.

To move the phase adjuster, an actuator is located on 2
side of the panel and may include a small knob or rotatable
disc for manually changing the phase adjuster. Thus, when-
ever the radiation pattern needs to be adjusted, a person must
climb the tower and up the side of the panel to the phase
adjuster. This is a difficult and time consuming process.
Also, it is only possible to move the actualor mamually,
tequiring the exertion of physical labor. In addition, il is 2
dangerous activity since the antennas are located on a tower
and it is possible for a person to fall or otherwise become
injured in the climbing process.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other advantages of the invention will
become apparent upon reading the following detailed
description and upon reference to the drawings.

FIG. 1 is a schematic of an aotenna assembly of the
present invention. i

FIG. 2 is a schematic view of a phase adjuster assembly
according to one embodiment of the present invention.

FIG. 3 is perspective side view of a panel and the phase
adjuster assembly according to one embeodiment of the
present invention.

FIG. 4 is an enlarged view of sectioa B shown in FIG. 3.

FIG, 5 is an enlarged view of section A shown in FIG. 3.

FIG. 6a is a front view of a bushing mount according to
one embodiment of the present invention.

FIG. 6b is an end view of a bushing mount according to
one embodiment of the present invention.

FIG. 6c is a side view of a bushing mount according lo
ope embodiment of lhe present invention.

FIG, 7 is an exploded perspective view of an actuator rod
according to one embodiment of the present invention.

FIG. 8 is a perspeclive view of a compression nut accord-
ing to one embodiment of the present invention.

FIG. 8A is a perspective view of an actuator rod and an
electrical acthator having a ground-based contreller aceord-
ing to one embodiment of the present invention.

FIG. 9 is a perspective view of an actuator rod and an
electrical actuator according o one embodiment of the
present invention.

While the invention is susceptible 1o various modifica-
tions and alternative forms, specific embodiments have been
shown by way of example in the drawings and will be
described in detail herein. It should be understood, however,
that the invention is not intended to be limited to the
particular forms disciosed. Rather, the inventien is to cover
all modifications, equivalents, and alternatives falling within
the spirit and scope of the invention as defined by the
appended claims.

DESCRIPTION QOF ILLUSTRATIVE
EMBODIMENTS

FIG. 1 is a side view of an antenna assembly 100 of the
present invention. The antenna assembly 100 is comprised
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of 2 plurality of antennas 110, 120, 130, 140, 150 disposed
along a pane 160. The antennas 110, 130, 130, 149, 150 are
grouped into,a first group 170, a second group 180, and a
third group 190. The first antenna 110 and the fifth antenna
150 are in.the first group 170. The second antenna 120 and
the fourth antenna 140 are io the second group 184 and the
third antennz 130 is in the third group 190.

To adjust the radiation pattern, the veriical electromag-
netic beam of the antenna assembly 100 must be adjusted.
This is accomplished by adjusting the phase angle of the first
group 170 relative to the second group 180. The first group
170, however, must be adjusted by an amount different than
the amouat of the second group 180. To accomplish this, 2
first phase adjuster 200 is attached to the first group 170, and
a second phase adjuster 210 is attached to the second group
180. The adjustment amount of the second group 180 is
ofien a function of the amount of adjustment of the first
group 170. To ensure that the first and second groups 170,
180 are adjusted in the correct ratio, the second adjuster 210
may be connected 10 the first adjuster 200, such that an
adjustment of the first adjuster causes an adjustment of the
second adjuster. More particularly, the second phase adjuster
210 may be connected to the first phase adjuster 200, such
that an adjustment of the first phase adjuster 200 for a
predetermined distance causes the second phase adjuster 210
to move proportional Lo the distance.

FIG. 2 depicts a schematic view of a first and second
phase adjusters 200, 210 respectively, adapted to adjust the
vertical beam or vertical beam downtilt angle. The first
phase adjuster 200 is coupled to the first antenna group 170,
and the second phase adjuster 210 is coupled to the second
antenna group 180. Each of the plurality of antennas 116,
120, 130, 140, 150 has a different phase angle. By adjusting
(he phase angles of the plurality of antennas 110, 120, 130,
140, 150, or at least of the first and second groups 170, 180
of antennas, the vertical beam of the antenna assembly 100
is adjusted.

The first and second phase adjusters 200, 210 operate ia
the same fashion. For simplicity, the description will be
described in more detail regarding the first phase adjuster
2{4). To adjust the phase angle, a conductive wiper 220 slides
over a first arcuate portion 230 of a first transmission line
240. One end of the first transmission line 240 is coupled to
the first antenna 110, while the other end of the first
trapsmission line 240 is coupled to the fifth antegna 150. The
conduetive wiper 220 in connection with the first arcuate
portion 230 acts as a capacitor. To the anteanas 110, 150, the
capacitor is seen as a short circuit at high frequencies. The
length of the first transmission line 240 up to the point of the
short circuit affects the phase angle of the antenna. As the
conductive wiper 220 slides over the first arcuate portion
230, the location of the short circuit changes, changing the
tength of the frst transmission line 240 and, thus, the phase
angle of the two antennas 110, 150. Since the antennas 110,
150 are located at opposite eads of the first transmission line
240, the movement-of the short circuit lengthens one trans-
mission line as scen by ome antenna while shortening the
transmission line as seen by the other anlenna. In other
words, the transmission line has a finite length, The finite
length of the transmission iine is divided into a first effective
length and a second effective length. The first cffective
length is from the first antenoa 110 to the location of the
wiper 220 on the transmission line 240. The second effective
length is measured from the fifth antenna 150 to the location
of the wiper 220 on the transmission line 240, As the wiper
220 is adjusted towards the fifth antenna 150, the first
effective length is lengthened while the second effective
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length is shortened. As the wiper 220 is adjusted towards the
first antenna 114, the first effective length is shortened while
the second effective fength is lengthened.

In this particular embediment, the conductive wiper 220
is a first rotatable PC board 250 with a metallic side. The first
transmission line 240 is mounted on a separate fixed PC
board 260. The fixed PC board 260 and first rotatable PC
board 250 act as a dielectric between the capacitor. In prior
art systems, an air dielectric was sometimes used. If the
conductive wiper changes its spacing relative to the first
arcuate portion 230, however, the capacitor’s capacitance is
aftered, thus, changing the impedance match of the phase
shifter. If the lwo sections touch, the capacitance is
destroyed, which adversely affects the performancs of the
antenna even more. Other systems use a sheet dielectric to
separate the conductive wiper from the transmission line
which have to be mounted using standoffs and point fasten-
ers. The sheet, however, tends to attenuate the capacitive
effect. By using the PC boards as the dielectric, the conduc-
tive wiper cannot touch the transmission line ner are the
capacitive effects attenuated. Also, the manufacturing costs
for making the PC board are much lower than having to
mount the sheet dislectric.

The first rotatable PC board 250 is pivataily coonected to
the fixed PC board 260 at a joint 270, which acts as the pivot
point for the first rotutable PC board 250. AL another end, a
joint 280, the first rofalable PC board 250 is slidably
mounted in a first slot 235, A mechanical actuator (to be
described) including an actuator rod 500 and a main arm
500z moves the first rotatable PC board 250 in an atcuate
path over the first arcuate portion 230, thus changing the
phase angle of the anternas 110, 150 as discussed above.

To increase the capacitive effects, an end 290 of the first
rotatable PC board 250 that glides over the first arcuate
portion 230 may be curved. The radius of curvature of the
end 290 of the first rotatable PC board 250 is the same as the
radius of curvature of the first arcuate portion 239. Also,
both the first rotatable PC board 250 and the first arcuate
portion 230 have the same center point located at the joint
270. By completely aligning with the arcuate portion 230,

 the capacitance is increased, increasing the effectiveness of
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the first phase adjuster 200.

The first transmission line 240 is electrically connected to
an input 300 for receiving power. The first rotatable PC
board 250 is also electrically connected (o the input 300. The
fiest transmission line 240 is coupled to the Arst antenna 110
{shown in FIG. 1) at a first output 310, and also to the fifth
antenna 150 (shown in FIG. 1) at 2 fifth output 320. Each of
the antennmas 110, 150 has a default phase angle when the
capacitor s sel to zero, which is marked on FIG. 2. The
default phase angle of antenna 110/is a function of the length
of the first trapsmission line 2440 and a cable lioe (not shown)
connecting the first transmission line 240 to the antenna 110.
The first transmission fne 248 includes a first path 330
leading from the first arcuate portion 230 to the first output
310, The length of the first path 330 is determined by the
default phase angle of the first antenna 110. The fimsi
transmission line 240 also has a second path 340 connecting
the first arcuate portion 230 to the fifth output 320. The
leagth of the second path 340 is determined by the default
angle of the fifth antenna 150. By varying the length of the
first path 330 and the fifth path 340, the same fength cables
can be used during installation to connect the antennas to the
output, which makes installation casicr.

The second phass adjuster 210 acts in the same way as the
first phase adjuster 200. A second rotatable PC bhoard 350 is
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mounted on the fixed PC board 260 and is electrcally
coupled to the input 300. The second rotatable PC boacd 350
is rotatable ground a joint 353, which is also where the
second rotatable PC board 350 is connected to the fixed PC
board 260. A secend transmission line 360 having a second
arcuate portion 370, a first path 380, and a second path 390
is aiso electrically connected to the input 304. The second
rotatable PC board 350 glides over he second arcuate
portion 370 to create the capacitor. The second rotatable PC
board 350 is moved by mechanical actuator comprising
actuator tod 500 and main arm 500a. Main arm 5002 is
connected through 2 linkage to be described to the board 350
at 2 joint 395 located in a second slot 405 in the fixed PC
board 260. The first path 380 of the second transmission line
368 is connected to a secand output 400, which is coupled
to the sccond antenna 120 (FIG. 1), while the second path
390 of the second transmission line 360 is connected to a
fourth output 410, which is coupled to the fourth antenna
140, As with the first phase adjuster 204, the lengths of the
first and second paths 380, 390 are adjusted (o create the
proper default phase angle. .

Also connected to the input 300 is a third transmission
line 420, which is coupled to a third output 439, which is
connected to the third antenna 130. The third transmission
line 420 is of a length to create the proper default phase
angle. Since all of the individual paths 330, 340, 380, 350,
420 of the various transmission lines 24}, 360, 420 are
adjusted to create the proper default phase angle, the same
length cabie can be used to conneet the antennas 110, 120,
130, 140, 150 o their respective outputs 310, 400, 430, 4140,
320. This not only makes manufacturing casier, it also
eliminates the possibility of error during installation of
connecting the wrong length cable to the output.

The inpui 300 is comnected to a conductive strip 440
which acts as a power divider and bleeds off power to the
first and second phase adjusters 200, 210 and the third
transmission line 420, The conductive strip 440 has an
established impedance. The impedance of the strip 440 is a
functicn of the width of the strip 440. By changing the width
of the conductive strip 440, the impedance and, thus, the
power is changed, In the present invention, the conductive
strip 440 branches into a first steip 450, a second strip 460,
and a third strip 470. The first steip 450 transfers power from
the conductive steip 440 to the first phase adjuster 200. The
second strip 460 transfers power from the conductive strip
44l o the second phase adjuster 210, and the third strip 470
transfers power from the conductive strip 440 o the third
transmission line 420, The width of each of the first, second,
and third strips 450, 460, 470 is manufactured to draw the
correct amount of power from the conductive strip (or power
divider) 440. By using a power divider on the fixed PC board
260, excess cables are eliminated, which decreases cost and
also increases the reliability of the antenna assembly 100. In
another embodiment of the present invention, a conductive
strip can be included to divide power on the first and second
transmission lines 240, 360 along the arcuate portions 230,
370.

It is sometimes desirable to lock the first and second phase
adjusters in a permament position. In current systems, a
phase adjuster was locked into position at the time of
manufacture since the phase adjuster does not include mark-
ings or the like. In one embodiment of the present invention,
however, the fixed PC board 260 includes a first set of
markers 480a over the first slot 255 and a second set of
markers 4805 over the second slot 405, The sets of markers
485a, 485b provide a user with a method for viewing the
phase angle settings of the first and second phase adjusters
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200, 210. A locking mechanism 485 is included to Jock the
first and second phase adjusters 238, 350 in a set position. In
one ¢mbodimeat, a series of through holes 490a, 4905 may
also be inciuded con the fixed PC board 260 and align with
through holes 4954, 495b on the first and sccond rotatable
PC boards 250, 350. A screw {not shown) may be used to
lock the frst or second first rotatable PC board 250, 350 to
the fixed PC board 260. The use of markings and a lock
syslem is a great improvement because the fixed PC board
260 can be assembled 10 the first and second phase adjusters
200, 210 without knowing if the phase angles need to be
locked. Thus, this device may be manufactured prior o a
purchase order being received. Onece a purchase order is
made, the markings and lock system can be used to lock the
first and second phase adjusters 200, 210 in place, if so
desired.

Turning now to FIGS. 2-4, FIG. 2 depicts a front side of
the fixed PC board 264. FIG. 3 depicts a perspective view of
a side of the panel 160 of the antenna assembly 100 and 2
back side of the fixed PC board 260. FIG. 4 is an enlarged
detail of FIG. 3. Is FIGS. 3 and 4, two similar PC boards
260, 261 are shown, each having a pair of first and second
phase adjusters 200, 210, Both pairs operate in the same
fashion, and are only illustrated to demonpstrate that a
plurality of PC boards 260, 261 may be mounted on a single
panel, both being coupled to the same mechanical actuator
(rod 500 and main arm 5004). As discussed above, the first
phase adjuster 200 conprises the fixed PC board 260 with
the first arcuate slot 255 cut through and the first rotatable
PC-board or wiper 250 (FIG. 2) on the other side of the fixed
PC board 260, The second phase adjuster 210 comprises the
fixed PC board 260, the second rotatable PC board ot wiper
350 (FIG. 2), and be second arcuate slot 485. To cause the
first and second rofatable PC boards 250, 350 to rotate, the
main arm 500q is coupled to the rotatable PC boards 250,
350.

in one embodiment, the mechanical actuator comprises an
actuator rod 500, main arm 586z and a linkage comprising
a first arm 510, and a second arm 520. The main arm 500z
is connected to one end of the first arm 510 at a pivol point
511. The other end of the first arm 510 is connected to the
fixed PC board 260 and the first rotatable PC board 250 at
the joint 270. A cross-section of this joint 278 would show
there are three layers all connected, the first rotatable PC
board 250, the fixed PC board 260, and the first arm 510.
Since the fixed PC board 260 is stationary, the frst arm 519
and the first rotatable PC board 250 also remain fixed at the
joint 270. The joint 280 connects the first rotatable PC board
250 to the first arm 510 through the firsi slot 255 on the fixed
PC board 260.

The second arm 520 is conzected 1o the second rotatable
PC board 350 through the second slot 405 at the joint 395.
Thus, a movement of the second arm 520 causes the second
rotatabie PC board 330 to move aiong the second slot 405,
The second arm 520 is also rotatably connected at a joint 522
to approximately midway between joint 270 and joint 280
on the first arm 510. Thus, as the first arm 519 is moved, the
second arm 520 also moves. Since the second arm 520 is
Hoked to the first arm 510 at the midpoint, as the joint 512
of the first arm 510 moves a predetermined distance, the
joint 395 of the second arm 520 moves approximately halt
the predetermined distance. In other embodiments, the sec-
ond arm 320 may be attached at different locations over the

. first arm 510, depending wpon the desired ratio of movement

between the first and second phase adjusters 200, 214.
FIG. 5 illustrates a grasping end 505 of the acteator rod
500 that extends cut past a bottom 530 of the panel 16{0. The
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grasping end 505 of the actuator rod 500 is mounted on the
bottom 338 of the panel 160. By extending the actuator rod
300 out through the bottom 530 of the panel 160, a person
manually adjusting the mechanism only has to pull ar push

-on the actuator rod 500, ipstead of having to rotate a smail
knab ar dis¢ located on the side of the panel 160, as done in
the prior art. Alse included on the grasping end 503 of the
actuator rod 500 are markings 535 10 indicate the amount of
adjustment made by a person adjusting the mechanism, and
a knob 536 is shown covering a threaded end 538 of the
actuator rod 500, The markings 535 have a direct relation-
ship to the vertical downlilt angle of the beam. For example,
a zero marking on the rod comrelates to a zero degree
downtilt angie. Since the markings 535 are not detented, a
user may adjust the downtilt angle as much or as little as
needed. The downtilf angle need not be moved in degree or
half degree increments. The knob 536 screws onto the
threaded end 538 and snables the user to easily grasp the
actuator rod 500 for movement purposes.

The actuator red 500 is mounted onto the bottom 330 of
the panel 160 by a bushing mount 540. The bushing mount
540 is best illustrated in FIGS, 6a—6c. The bushing mount
540 comprises a pair of brackets 550a, 5506 which are
attached to the panel 160. In the embodiment shown, the
brackets 550a, 550/ are attached via a pair of screws 5604,
3600 (shown in FIG, 5). i is also contemplated, however,
that other methods, such as rivets, adhesive heat staking,
welding, and brazing, may be utilized. ‘

The bushing mount 540 also has a eylindrical portion 560
adapied to receive the actuator rod 500. The cylindrical
portion 560 of the bushing mount 340 allows the actuator
rod 500 1o be slid up and down, enabling movement. To
prevent the actuator rod 560 from rotating within the cylin-
drical portion 560, however, a flat section 570 {FIG. 6b) is
inchuded on the inner wall of the cylindrical portion 560,
One end of the cylindrical portion 360 inchudes a threaded
portion 565 which will be described in more: detail below.

As mentioned above, the grasping end 505 of the actuator
rod 500 includes markings 335. The bushing mount 540
includes an indicater window 590 on opposite sides of the
cylindrical portion 560 ta enable a user to see the markings
535 (seen in FIG. 6c). Also, in one embodiment, the bushing
mount 540 may be clear plastic so that all of the markings
535 are visible to the user.

As shown in FIGS. 7 and 8, a compression nut 595 is also
slid over the actuator rod 500. The compression nut 595
includes three parts, a threaded nut 600, a plastic gripper
610, and a ferrule 620, The threaded nut 600 of the com-
pression nut 595 screws over the threaded portion 565 of the
bushing mount 540 and acts ta lock the actuator rod 560 in
place. When the threaded nut 600 is being screwed over the
threaded portion 565 of the bushing mount 540, the plastic
gripper 610 and the fecrule 620 are sandwiched against the
bushing mount 540. The ferrule acts as a seal against the
bushirtg mouct 540. The plastic gripper 610 contains & slit
625, which decreases in widih as the threaded nut 600 is
tightened agazinst the bushing mount 540. This causes the
compression mut 595 to grip the bushing mount 540, and
lock the actuator rod 500 in place.

Although it is useful to have a manual actuator, it may be
more desirable to have an efectrical actuater that may be
controlled from the ground ar even remotely, for exampie,
from a control room 630 (FIG. 8A). In F1G. 9, converting the
manual actuator described above into an electrical acmator
660 is illustrated, The clectrical actuator 660 comprises a
piston (not shown) and a threaded barrel 670. To convert the
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manual actuator, the compression nut 595 and the koob 336
must first be removed. Then, a lock aut 650 is threaded onto
the bushing mount 540. The threaded end 538 of the actuator
rod 500 is threaded into the piston. The barrel 670 of the
electrical actvator 660 is then pushed up towards the
threaded portion 565 of the bushing mount 540 and
threaded. Once both the piston and the threaded barrel are
completely threaded onto the actuator zod SO, the lock cut
650 is._tightened, locking the bushing mount 548 Io the
threaded barrel 670,

The electrical actuator 668 may be a step motor in a fixed
position relative to the panel 160, The step molor rotates,
driving a screw or shaft in a linear motion. The screw or
shalt is coupied to the actuator rod 500 and, thus, moves the
actuator rod 508 up and down, depending on the rotation of
the step motor. It is also contemplated that the electrical
actuator 560 may include a receiver 700 adapted to receive
adjustment signals from a remote source 702, A sensor 704
adapled 10 sense the position of the actuator rod 500 may
also be included, A trapsponder 706 may also be included to
retura a signal fo the remote location or 1o a signal box which
indicates the amouat of adjustment made.

The present invention may, thus, be easily converted from
a manual actuator to an electrical actuator depending on the
needs and wishes of the user. The actuater, thus provides
flexibility in use, allowing a user to purchase a manual
actuator and then upgrade to an electrical actuator at 2 luter
date. The advantages to this are many. The user may not
initially wish to expend the money to pay for an electrical
actuator if there is rarely a need to adjust the vertical beam,
As that need changes, however, the user may purchase the
electrical actuator and easily convert the actuator,

While the presen! invention has been described with
reference to onme or more particular embodiments, Lthose
skilled in the art will rocognize that many changes mey be
made thereto without departing from the spirit 2nd scope of
the present invention. Each of these embodiments and
obvious variations thereof is contempiated as falling within
the spirit and scope of the claimed invention, which is set
forth in the following claims.

What is claimed is:

1. A cellular base station antenna system configured 1o
produce a beam of fixed elevation, comprising:

an elongated panel antenna system adapted to mount a

plurality of spaced radiators;

a printed circuit board having conductive traces including

a transmission line intercomnecting at least. selected
anes of said radiators; and

an clectromechanical phase adjustment system including

a phase adjuster connected o a signal feed coupled to
said lransmission line, said phase adjuster having at
least une component intermittently moveable by an
electrical actuator responsive to commands from a
remole signal source to adjust the relative signal phas-
ing of said inierconnected radiators between different
phase values, and thereby adjust the fixed clevation of
the beam, said electrical actuator being positioned at an
edge of said pane! anterna and coupled to said move-
able component of the phase shifter by a mechanical
actuator extending lengthwise of said panel aatenna,
said electrical acteator having a receiver and transpog-
der for communicating wirelessly with said remote
source.

2. The antenna system deficed by claim 1 wherein said
moveable component is an arceately moveable wiper
capacilively coupled tu said transmission line, said wiper
comprising a conductive trace on an insulated substrale.
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3. The anteona system defined by claim 1 including a
sensar for sensing the position of said phase adjuster.

4. The antenna system defined by claim 3 wherein said
remote signal source is responsive to said sensor.

5. The antenna system defined by claim 3 wherein said
sensor senses a position of said mechanical actator.

6. The antenna system defined by claim 5 wherein said
remote signal source is responsive to said sensor.

7. A cellular base station antenna system comprising:

an elongated panel adapted lo be iostalied verticaily and

to mount a plurality of longitudinally spaced radiators,

a signal feed network operatively coupled to said radia-

lors;

a signal phase adjuster in said feed network; and

a linearly reciprocable, phase-adjustment mechanical

actuator coupled to said phase adjuster and having a
terminus located near a lower edge of said panel.

8. The system defined by claim 7 wherein said signal
phase adjuster includes a pivotally mounted, phase-adjusting
wiper capacitively coupled in said feed network.

9, The system defined by claim 8 wherein said mechanical
actuator is coupled to said wiper and is configured to convert
Hnear motion of said mechanical actuator to arcuate motion
of said wiper.

10. The system defined by claim 8 further including a first
printed circuit board which includes at least a portion of said
feed network, and wherein said wiper is pivotally mounted
on said first printed circuit board.

11. The system defined by claim 10 wherein sald wiper
comprises a second printed circuit board metallized on one
side.

12. The system defined by claim 7 wherein said mechani-
cal actuator terminus extends below a lower edge of said
panel.

13. The system defined by claim 7 wherein said mechani-
cal actuator is adapted for conversion between manual
manipulation and manipulation by an clectrical actuator.

14. The system defined by claim 7 further including a first
printed circuit board which includes at least 2 portien of said
feed network.

15. The system defined by claim 14 further including a
power divider on said first printed circuit board.

16. The system defined by claim 7 wherein said antenna
system includes first and second phase adjusters coupled to
and manipulated by said mechanical actuator.

17. The system defined by claim 16 wherein said first and
second phase adjusters are mecianically conpled.

18. The system defined by claim 17 wherein said second
phase shifter is rotatably linked to said first phase adjuster.

19. The system defined by claim 16 wherein adjustment of
said first phase adjuster simuitancously adjusts said second
phase adjuster.

20. The system defined by claim 7 wherein said mechani-
cal actuator has indicia providing an indication of a beam
dawniiit angle.

21. The system defined by claim 7 wherein said mechani-
cal actuater includes a position lock.

22. The system defined by claim 7 wherein said phase
adjuster further includes

a fixed printed circuit board;

a signal input mounted on said fixed printed circuit board;

a wiper electromagnetically coupled to said signal input;

and

a transmission line electromagnetically coupled to said

wiper and formed of 2 portion of said signal feed
network, wherein 2 movement of said wiper changes an
effective length of said transmission line.

10
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23. The system defined by claim 22 wherein said wiper is
pivotally coupled to said signal input,

24, The system defined by claim 22 wherein said wiper is
a rotatable printed circuit board.

25, The system defined by claim 24 wherein a portion of
said transmission line is arcuate in shape.
" 26, The system defined by claim 25 wherein said wiper
further includes an arcuate section having a radius of cur-
vature substantially squal to a radius of curvature of said
transmission line, such that as said wiper is pivoted over said
transmission line, said wiper remains substantially in align-

- ment with said transmission line.
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27. The system defined by claim 7 wherein said mechani-
cal actuator is coupled to and mechanically adjusted by an -
electrical actuator responsive to commands from 2 remote
signal source.

28. The system defined by claim 27 wherein said clcctn-
cal actuator includes a receiver and a transponder for com-
municating wirelessly with said remote signal source.

29, The system defined by claim 28 wherein said electri-
cal actuator includes a sensor for sensing the position of said
mechanical actuator and thereby beam elevation.

30. A cellular base slation antenna system comprising:

a panel antenna adapted to mount 2 plurality of radiators;

a signal feed network operatively coupled to said radia-

tors;

at least one mechanical phase adjuster located on said

panel and forming a portion of said signal feed
network, said phase adjuster having relatively displace-
able phase-adijusting components; and

an electrical actuator supported by and positioned off said

panel zntenna, said electrical actuator being mechani-
cally coupled to at least one of said phase adjusting
components,

3i. The antenna system defined by claim 30 wherein said
clectrical actuator is coupled to at least one of said phase
adjusting components by a mechanical actuator.

32, The antenna system defined by claim 31 wherein
linear motion of said mechanical actuator causes rotational
movement of said phase adjusting component.

33, The antenna system defined by claim 31 wherein said
mechanical actuator is adapted for conversion o manual
manipulation.

34. The antenna system defined by claim 31 including a
sensor for sensing a position of said mechanical actuator.

35, The antenna system defined by claim 34 wherein said
electrical actuator is controlled by a remotely located signal
source which is responsive to said seosor.

36. The antenna system defined by claim 30 wherein said
panel antenna is orented vertically, and wherein said elec-
trical actuator is located below said panel.

37. The antenna system defined by claim 30 wherein said
electrical actuator is controlled by a remotely located signal
source.

38. The antenna system defined by claim 37 wherein said
electrical actuator is configured to be controiled wirelessly.

39. The antenna system defined by claim 30 wherein said
panel antenra includes a first printed circuit board which
includes at least a portion of said signal feed network.

40. The antenna system defined by claim 39 further
including a rotatable wiper mounted on said first printed
circuit board, said wiper defining a relatively displaceabie
phase adjusting component.

41. The antenna system defined by claim 40 wherein said
wiper includes a second printed circuit board metailized on
one side.
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42. The antenna system defined by claim 30 wherein said
panel antenna includes a plurality of phase adjusters coupled
to and manipuiated by a common mechanical actuaior.

43, The antenna system defied by claim 30 wherein said
electrical actuator includes an electrical motos.

44, A cellular base station antenna system producing a
beam of fixed ¢levation, comprising:

a panel antenna adapted to mount a plurality of radiators;
a transmission line intercopnecting said radiators; and

a phase adjustment system for varying a relative phasing
of said interconnected radiators, said phase adjustment
system further including
a printed circuit board having a printed conductor
forming a portion of said transmission line; apd

a phase adjuster connected to a sigoal feed and coupled
to said printed conductor, said phase adjusier having
an intermittently moveable component configured to
adjust a relative signal phasing of said intercon-
nected radiators between ditferent phase values, and
thereby to adjust the fixed beam elevation, said phase
adjuster system being mechanically manipulated by
an ¢lectrical actuator responsive 1o commands from
a remote signal source.

45. The antenna system defined by claim 44 further
including a moveable printed circuit board pivetally con-
nected to said printed circuit board and having a conductive
layer capacitively coupled to said printed conductar.

46. The antenna system defined by claim 44 further
including a power divider printed on said printed circuit
board between said signal feed and said phasc adjuster.

47, The aplenna system assembly defined by 44 further
including a mechanical actuator connmected between said
phas¢ adjuster and said electrical actuatar,

48. An antenna system producing a beam having an
adjustable elevation, comprising:

a panel antenna adapted to mount a plurality of radiators;

a signal feed operatively coupied to said radiators;

at least one mechanical phase adjuster located on said
panel antenpa, said phase adjuster having relatively
displaceable phase-adjusting components;

an electrical actuator positioned mear the edge of said
panel, said electrical actuator being mechanically
coupled to said phase adjustsr by a mechanical aciua-
ior; and

said syster providing indicia indicating by the physical
position of the actuator, the clevation of the beam.
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49. A cellular base station antenna system comprising:
a panel antenna adapted to mount a plurality of radiators;
printed circuit board means;

a network of transmission lines connecting a signal feed
to each of said radiators, each of said transmission lines
including a printed conductor trace on said printed

" circuit board means, said traces having differing trace
lengibs to alter a default phasing of said radiaters; and

2 power divider prnted on said printed circuit board
means between said feed and said nerwork.

50. The antenna system defined by claim 49 wherein said
network of transmission lines includes a plurality of coaxial
cables af equal length,

51. A cellular base station anfenna system adapted both
for manual adjustment of fixed beam elevation and for
retrofitting of an electrical actuator for electrical adjustment
of beam elevation, comprising:

a pane! antenna adapted to mount a plurality of spaced
radiators;

a signal feed network operatively coupled to said radia-

tors;

a signal phase adjuster in said feed network; and

a phase-adjustment mechanical actuator coupled to said

phase adjuster, said mechanical actualor being config-
ured first for manual adjustment of beam elevation and
second for selective attachment of an electrical actuator
for remote electrical adjusiment of beam elevation,

52. The system defined by claim 51 wherein said
mechanical actuator has a terminus below an edge of said
panel antenna, said terminus being configured for mamual
adjustment of beam elevation, and for attachment of said
electrical actuator.

53. The system defined by claim 52 wherein said terminus
includes a threaded nut with an opening which passes an
clonpated member extending to said phase shifter and driven |
by said electrical actuator.

54. The systew defined by claim 53 wherein said elon-
galed member contzins indicia which indicates beam cleva-
tion based upon the position of the elongated member.

55. The system defined by claim 51 including a plucality
of spaced phase shifters, and wherein said mechanical
actuator includes an elongated member which extends
lengthwise along said panel antenna and is coupled to said
phase shifters for simultaneous manual or electrical manipu-
lation of each of them.
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ANTENNA CONTROL SYSTEM

This is 2 ¢oatinuation of application Ser. No. 10/073,468,
fited Feb. 11, 2002, which is a continuation of application
Ser. No. 09/713,614, filed Nov. 15, 2000, now U.S, Pat, No.
6,346,924, which is a continuation of application Ser. No.
08/817 445, filed Apr. 30, 1997, now U.S. Pat. No. 6,198,
458 B1, all of which are entitled Antenna Control System.

THE TECHNICAL FIELD

The present invention relates to an antenna cantrol system
for varying the beam tilt of ome or more anteona. More
particularly, although not exclusively, the present invention
relates to a drive system for use in an antenma which
incorporates one or more phase shifter.

BACKGROUND OF THE INVENTION

In order 1a produce downtilt in the beam produced by an
antenna array (for example a panel antenna) it is possible to
cither mechanically tlt the panel antenna or electrically steer
the beam raciated from (he panel antenna according to
techniques known in the art.

Panel anlennas, such as those 1o which the present appli-
cation is concerned, are often localed on the sides of
buildings or similar structures. Mechanical tilting of the
antenna away from the side of the building increases the
susceplibility of the installation to wind induced vibration
and can impact on the visual envirooment in situations
where significant amounts of downtilt are required.

Io order to avoid the above difficulties, electrical beam
steering can be effected by introducing phase delays into the
signal input into radialing elements or groups of radiating
elements in an antenpa array.

Such techniques are described in New Zealand Patent
Specification No. 235010.

Various phase delay techniques are known, including
inserting variable length delay lines into the network feeding
to the radiating ¢lement or elements, or using PIN diodes to
vary the phase of a signal transmitied lhrough the fesder
network, '

A further means for varying the phase of two signals is
described in PCT/NZ94/00107 whose disclosure is incorpo-
rated hersin by reference. This specification describes a
mechanically operated variable differential phase shifter
incorporating one input and two outputs.

For ihe present purposes it is sufficient lo note that phase
shifiers such as those described in PCT/NZ94/00107 are
adjusted mechanically by sliding zn external sleeve along
the body of the phase shifter which alters the relative phase
of the signals at the phase shifter outputs,

A typical panel antenna will incorporate one or more
phase shifters and the present particular embodiment
includes three phase shifiers. A signal is input to the primary
phase shifter which splits the signal into two signals having
a desired phase relationship. Each phase shifted signal is
then input into a secondary phase shifter whose outputs
feeds at least one radiating element. In this manner a
progressive phase shift can be achieved across the entire
radialing element array, thus providing a means for electri-
cally adjusling the downtill of the radiated beam. Other
phase distributions are possible depending on the application
and shape of the radiated beam.

While the steering action is discussed in the context of

downtill of the radiated beam, it is to be understood that the
preseat detailed description is oot limited 1o such a direction,
Beam tilt may be praduced in any desired direction.
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Another particular feature of the variable differential
phiase shifters is that they provide a continuous phase
adjustment, in contrast with the more conveaticnal stepped
phase adjustments normally found in PIN diode or stepped
length delay line phase shiftess.

-In a pagel antenna of the type presently under
consideration, it is desirable to adjust the entire phase shifter
array simrultaneously so that a desired degree of beam tilt
may be set by the adjustment of a single mechanical setting
means. The mechanical drive which performs such an
adjustrnent must result in reproducible downtilt angfes and
be able to be adapted to provide for a mumber of different
phase shifter array configurations.

It is also desirable that the beam ti}t of an antepna may be
varied remotely to avoid the need for personnel to climb a
structure to adjust antenna beam tilt.

DISCLOSURE OF THE INVENTION

It is an object of the present invention to provide a
mechanical drive system for use in adjusting mechanical
phase shifters which mitigates the above mentioned
difficulties, provides a solution fo the design requirements of
the antennas or antenna arrays described above, or at least
provides the public with a useful choice.

Accordingly, there is provided a mechanical adjustment
means for adjusting the relative phase shilts produced by a
piurality of phase shifters connected to an array of radiating
elements, said mechanical adjustment means including;

first means for moving a first portion of a first phasc

shifter relative to z second portion of said first phase
shifter 1o vary the phase difference between oculput
signals from the first phase shifter; and

second means for moving a first po:tion of a second phase

shifter relative to a second portion of said second phase
shifter to vary the phase difference between output
signals from the second phase shifter, wherein the
second phase shifter is fed from an output of the first
phase shifter and the degree of movement of the second
means is dependent upon the degree of movement of
the first means.

Preferably, movement of the second means results in
simultaneous movement of a first portion of a third phase
shifter with respect to a second portion of the third phase
shifter wherein the third phase shifter is fed from an output
of the first phase shifter.

Preferably the outputs of the second and third phase
shifters are connected to radiating elements so as to produce
a beam which tilts s the first and second means adjusts the
phase shifters.

Preferably the movement of the first portion of the first
phase shiffer a first distancs relative to the second portion of
the first phase shifier results in relative movement between
first portions of the second and third phase shifters relative
to second portions of the second and third phase shifters of
about twice the first distance.

According to a first preferred embodiment the first means
includes a gear wheel which drives a rack connected to a first
portion of the first phase shifter, arranged so that rotation of
the first gear wheel causes the first portion of the first phase
shifter to move relative 1o the second portion of the first
phase shifier. Preferably, the second portion of the first phase
shifter is mounted to a carriage and the outputs of the first
phase shifter are connected to inputs of the second and third
phase shifters by push rods so that movement of the second
portion of the first phase shifter moves the first portions of
the second and third phase shifters with respect to the second
portions of the second and third phase shifters.
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Preferably a second gear is provided co-axial with and
connected to a shaft driving the first gear which drives a rack
connected to,the second part of the first phase shifter so that
rotation of the second gear causes movement of the first
portion of the second and third phase shifters relative to the
second portions of the second and third phase shifters.

Preferably the ratio between the first and second gear
wheels is about 3:1.

According to a second embodiment of the present inven-
tion the adjustrnent means includes a shaft and said first
means includes a first threaded portion provided on said
shaft and a first cooperating threaded member connected to
the first portion of the first phase shifter. The second means
includes a second threaded portion provided on said shaft
and a second coaperating threaded member connected to the
flest portion of the second phase shifter. The arrangement is
such that rotation of the shaft causes the first poction of the
first phase shifter to move relative to the second portion of
the first phase shifter at a rate of about twice that of the
movement of the fiest portion of the second phase shifter
relative 1o the second portion of the second phase shifter.

Preferably the second threaded member is connected to
the second portion of the first phase shifter and moves the
first portion of the second phase shifter via a push rod. This
push rod is preferably a coaxial line connecting an output
from the first phase shifter to the input to the second phase
shifter.

Preferably there is further provided a third phase shifier
fed from a second output of the first phase shifler via a push
rod which moves a first portion of the third phase shifter in
unison with the first portion of the second phase shifier,

According, to & further aspect of the invention there is
provided an antenna system comprising one or more anfenna
including electromechanical means for varying the downltilt
of the anterma and a controller, external to the anterna, for
supplying drive signals 1o the electromechanical means for
adjusting downiili.

Preferably the system inciudes a plurality of antennas and
the controiler may adjust the downtilt for the phurality of
antennas and store the degree of downtilt of each antenna in
memory.

Preferably the controller may be controlled remotely from
a control centre so that a plurality of such systems may be
remolely controlled as past of a control strategy for a number
of cellular base siations.

Preferably the electromechanical means varies the elec-
tricai downtilt of each antenna and means are inctuded for
monitoring the electromechanical means and providing sig-
nals representative of the position of the electromechanical
means to the controller.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will now be described by
way of example with reference to the accompanying draw-
ings ia which: :

FIG. 1: shows a panel antenna incorporating a phase
shifier drive mechanism according to a first embodiment of
the invention.
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FIG. 6: shows the phase shifter drive mechamsm of FIG.
5 in detail.

FIG. 7: shows the elecirical connection of the motor,
switches and reed switch of the drive mechanism shown in
FiG. 6. :

.-FIG. 8: shows a ceatroller for controlling the drive
mechanistn shown i FIGS. 6 and 7.

FIG. 9 shows an antenna system according to one aspect
of the present invention having a plurality of antennas
controlled by a controller.

BEST MODE FOR CARRYING CUT THE
: INVENTION

Referring to FIG. 1 there is shown the back side of a panel
antenna 4 having a first phase shifter 1, a second phase
shiftsr 2, a third phase shifter 3 and a phase shifter drive
mechanism 5. Feed line 6 is connected to input 7 of phase
shifter 1. A first portion 8 of phase shifter 1 is moveable
relative to a second portion 9 of phase shifter L.

Qutput signals from phase shifter ¥ are supplied via lines
10 and 11 to inputs 12 and 13 of phase shifters 2 and 3
respectively. Feed lines 10 and 11 comprise coaxial push
rods which serve the functions both of feeding signals from
the outputs of phase skifter 1 to phase shifters 2 and 3 and
moving first porticns 14 and 15 of phase shifters 2 and 3
relative to second portion 16 and 17 of phase shifters 2 and

3 respectively.

30

40

45

50

55

FIG. 2: illustrates a primary phase shifler incorporating a -

gear rack. :

FIG. 3: illustrates an exploded view of the adjustment
assembly ncorporated into the carriage.

FIG. 4: shows diagrammatically the operation of the drive
mechanism according to the first embodiment.

FIG. 5 shows a panel antenna incorporating a phase
shifter drive mechanism according to a second embodiment
of the invention,

60

85

Signals output from phase shifters 2 and 3 are supplied via
coaxiai lines 18, 19, 20 and 21 to be fed to respective
radiating elements {not shown).

In use first portion 8 of phase shifter 1 may be moved
relative 1o second portion 9 of phase shifter 1 to change the
relative phase of signals supplied via lines 10 and 11 10
phase shifters 2 and'3 respectively. First portions 14 and 15
of phase shifters 2 and 3 may be moved relative to second
portions 16 and 17 of phase shifters 2 and 3 to vary the phase
of signals supplicd by Hoes 18, 19, 20 and 21 to respective
radiating elements.

When phase shifters 1, 2 and 3 are adjusted in the correct
respective portions the beam emitted by the antenna can be
tilted as required. [t will be appreciated that where a less
defined beam is required fewer phase shifters may be
employed.

To achieve even continuous beam tilting for the embodi-
ment shown in FIG. 1 the first portions 14 and 15 of phase
shifters 2 and 3 should move relative lo the second portion

i

16 and 17 of phase shifters 2 and 3 at the same rate, The first .

portion 8 of phase shifter 1 must however move relative to
the second portion 9 of phase shifter 1 at twice Lhis rate. In
the arrangement shown sccond portion 9 of phase shifter 1
is comnected to carriage 22. Movement of camiage 22 results
in movement of first portions 14 and 15 of phase shifters 2
and 3 via push rods 10 and L1

Referring now to FIG. 4, operation of the phase shifter
drive mechanism will be explained. Second portion 9 of
phase shifter 1 is mounted to a carriage 22 which can move
teft and right. If carriage 22 is moved to the lefi first portions
14 and 15 of phase shifters 2 and 3 will be moved to the left
via push rods 10 and 11. First portion 8 of phase shifter 1
may be moved relative to second portion 9 of phase shifter
1 to vary the phase of signal supplied to phase shifters 2 and
3

According to this first embodiment a rack 23 is secured to
first portion 8 of phase shifter 1. Upon rotation of gear wheel
24 first portion 8 of phase shifter 1 may be moved to the left
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or the right. A smaller gear wheel 25 is secured to and ratates
with gear wheel 24, This gear wheel engages with a rack 26
provided on garriage 22. A further gear wheel 27 is provided
which may be driven to rotate gear wheels 24 and 25
simultaneously.

Gear wheel 24 has 90 teeth whereas gear wheel 25 has 30
testh. It will therefore be appreciated that rotation of gear
wheel 24 resulis in first portion 8 of phase shifter 1 being
moved three times as far as carriage 22 (and hence first
portions 14 and 15 of phase shifters 2 and 3). However, as
carriage 22 is moving in the same directicn as the first
portion 8 of phase shifter 1 it will be appreciated that the
relative movement betwesn first portion 8 and second por-
tion 9 of phase shifter 1 is twice that of the relative
movement between the first and second portions of phase
shifters 2 and 3. Accordingly, this arrangement results in the
rclative phase shift produced by phase shifter 1 being twice
that produced by phase shifters 2 ard 3 (s required 1o
produce even beam tilting in a branched feed arrangement).

The particular arrangement is shown in more detail in
FIGS. 2 to 4. It will be appreciated that gear wheel 27 may
be driven by any appropriate manual or driven means. Gear
wheel 27 may be adjusted by a knob, lever, stepper motor or
other driven actuator. A keeper 28 may be secured in place
to prevent movement once the desired settings of the phase
shifters have been achieved.

Referring now to FIGS. 5 and 6, a second embodiment
will be described. As seen in FIG. 5, the amangement is
substantially the same as that shown in the first embodiment
except for the drive mechanism 30 employed, which is
shown in FIG. 6.

In this embodiment the drive mechanism includes a shaft
31 having a first threaded portion 32 and a second threaded
portien 33 provided thereon. A first threaded member 34 is
connected to a fiest portion 35 of primary phase shifter 36.
A second threaded member 37 is connected to the second
portien 38 of primary phase shifter 36,

First threaded portion 32 is of three times the pitch of
second threaded portion 33 (e.g. the pitch of the first
threaded portion 32 is 6 mm whereas the pitch of the second
threaded portion is 2 mm). In this way, first portion 33 is
driven in the direction of movement at three times that of
second portion 38. In this way the phase shift produced by
primary phase shifter 36 is twice that of second and third
phase shifters 39 and 40.

Shaft 31 is rotated by motor 41. This may suitably be a
geared down 12 volt DC motor. The other end of shaft 31 is
supported by end bearing 42. A reed switch 43 is provided
to detect when magnets 44 pass thereby. In this way the
number of rotations of shaft 31 may be monitored. Limit
switches 45 and 46 may be provided so that the motor is
prevented from further driving shaft 31 in a given direction
if threaded member 34 abuts a lever of Hmil switch 45 or 46
respectively.

Operation of the drive means according to the second
embodiment will now be described by way of example.
Motor 41 may rotate shaft 31 in an anticlockwise direction,
viewed from right to left along shaft 31. Threaded member
37 is driven by second threaded portion 33 to move push
rods 47 and 48 1o the lefl, and thus to adjust phase shifters
39 and 40.

Threaded member 34 is driven to the left at three times the
rate of threaded member 37. First portion 35 thus moves to
the left at three times the rate of second portion 38. First
portion 35 therefore maves relative to second portion 38 at
twice the speed the first portions of phase shifters 39 and 40
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move relative to their respective second portions. In this
way, delays are introduced in the paths to respective radi-
ating elements so as 1o produce an evenly tilting beam.

The conductivity of reed switch 43 is monitored so that
the number of rotations, or part rotations, of shaft 31 may be
monitored. If the motor continues driving shaft 31 until
thireaded member 34 abuts the lever of limit switch 45 then
{ogic eircuitry wil! only permit motor 41 io drive in the
opposite direction. Likewise if threaded member 34 abuts
the lever of limit switch 46 the motor 41 will only be
permitted to drive in the opposite direction.

It will be appreciated that the techniques of boih embodi-
ments could be employed in antenna arrays using a larger
number of phase shifters. In such zpplications the relative
movement of the first porticn of each phase shifter relative
to the second portion of ¢ach phase shifter would decreased
by a factor of 2 for each successive phase shifter along each
branch. The ratios used may be varied if the radiation pattern
of the antenna needs to be altered 1o account for ihe
directivity of the individual radiating elements and the effect
of the back panei as the amount of downtilt is varied.

Components of the dove mechanism 30 are preferably
formed of plastics, where possible, to reduce intermodula-
tior.. Threaded members 34 and 37 preferably include plastic
links to phase shifter 36 to reduce intermodulaiion.

It will be appreciated that a number of mechanical drive
arrangements may be used to achieve adjustment of the
phase shifters in the desired ratio. [t is also to be appreciated
that sophisticated control electronics may be employed,
although the simplicity of construction of the present inven-
tion is seen as an advanlage.

F1G. 7 shows how motor 41, reed switch 43 and swilches
45 and 46 are connected to lines 71, 72, 76 and 77 from an
external controller. Lines 71, 72, 76 and 77 are sheathed by
conduit 78. Lines 71 and 72 supply current to drive mator
41. Section 73 ensures that if threaded member 34 is driven
to either the left-hand side limit or the right-hand side limit
it can only be driven in the opposite direction. In the position
shown in FIG. 7, switch 45 directly connects line 71 to
swilch 46 via diode 74. In the position shown switch 46
connects line 71 to motor 41 via diode 73, This is the normal
position of the switches whean theeaded member 34 is not at
either extreme limit. When threaded member 34 is driven to
the extreme left, for example, and actuales switch 45, then
switch 45 open circuits the path via diode 74. Diode 74
allows current flow in the direction allowing motor 41 to
drive to the left. Accordingly, when switch 45 is open, motor
41 can only drive in such a direction as to drive threaded
member 34 to the right (i.e.: current in the direction allowed
by diode 75).

Likewise, if threaded member 34 is driven {o the exirems
right, switch 46 is opened to break the path via diede 75,
This prevents motar 41 driving in such a direction as to drive
threaded member 34 further io the right.

Lines 76 and 77 are connected to reed switch 43 so that
the apening and closing of reed switch 43 may be monitored
by an external control unit. In use, the opening aod closing
of reed switch 43 may be monitored to determine the
position of threaded member 34, and hence the correspond-
ing degree of tilt of the antenna.

To select an initial angle of downtilt threaded member 34
may be driven to the extreme right, An external controller
may provide a current in one direction to motor 41 to drive
member 34 1o the right. The motor will continue to be driven
to the right until threaded portion 34 abuts switch 46. When
switch 46 is opened diode 75 will be open circuited, which
will prevent the motor beinrg driven further to the right.
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The cantroller will sense that threaded member 34 is at its
extreme right position as it will detect that reed switch 43 is
not opening and closing, After a predetermined delay the
coatroller may-then provide a current in the opposite direc-
tion via lines 71 and 72 to motor 41 to drive it to the left, As
the motor is driven to the left the controller will moaitor the
opening aad closing of reed switch 43 to determine how far
threaded member 34 has moved (o the left. The controller
will continue to move threaded member 34 to the left until
reed switch 43 has opened and closed a predetermined
number of times, corresponding to a desired apgle of down-
tilt. Alteraatively, threaded member 34 may be driven o the
exireme left and thea back to the right.

As shown in FIG. 9, at an antenna site a2 oumber of such
panels 90 may be installed and controlled by a single
controlier 80 as shown in FIG. 8. The four wires 71, 72,76,
and 77 correspond to respective cable groups 78 to three
such antenna paneis. Controller 80 may be pravided at the
base of an autenna site to allow an operator to adjust the tilt
of a plurality of antenuas al ground level, rather than
requiring a-serviceman to climb up the antenna structure 92
and adjust each antenna manually. Alternatively, controller
80 may be a hand-held unit which can be piugged into a
concector at the base of an antenna to adjust the antenna at
a site.

Controller 80 may include a display 81, an “escape”
button 82, an “enter” button 83, an “up” button 84 and
“down” button 85. At power up display 81 may simply
display a home menu such as “Deltec NZ Ltd©1995”, Upor
pressing any key, a base menu may be displayed including
options such as:

uniock controls

set array tlt

measure tilt

enable array

disable array

Iock controls

The up/down keys may be used to mave through the menu
and the enter key 83 used to select an option, If “unlock
contrals™ is selected a user will then be required to enter a
three digit code. The up/down keys may be used to move
through the numbers 0 to 9 and enter used to select each
number. If the correct code is entered “locked released”
appears. If the incorrect code is entered “controls locked”
appears and a user is returned to Lhe home menu. If “set array
ti” is selected from the base meou the following may
appear;

set array tilt

array:01 X.X°

The up-down keys 84, 85 may be used to select the
desired array number. The enter key accepls the selected
array and the previously recorded angle of downtilt may be
displayed as follows:

set array tjt

array: 01 4.6° .

In this example the previously set angle of downtilt with
4.6°. Using the up/down keys 84,85 a new angle may be
cntered. Controller 80 may then provide a current to motor
41 via lines 71 and 72 10 drive threaded portion 34 in the
desired direction to alter the downtilt. The opening and
closing of reed switch 43 is mouitored so that threaded
member 34 is moved in the desired direction for a prede-
termined number of pulses from reed swilch 43, The down-
tilt for any other aray may be changed in the same manner.
If the controller is locked a user may view an angle of
downtilt but will not be ahle to alter the angle.
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If the “measure array” option is selected the present angle
of downtilt of the antenna may be determined. Upon select-
ing the “measure tilt” function from the base menu, the
toilowing display appears:

_measure tilt
array: 01 X.X°.

The up/down buttons may be used to select the desired
array. The enter key will accept the selected array, To
measure (ke actual angle of downtilt controller 80 drives a
motor 41 of an array to drive member 34 to the right. Molor
41 is driven until threaded member 34 abuts switch 46. The
controller 80 counts the number of pulses from reed switch
43 to determine how far threaded portion 34 has traveled. At
the extreme right position the controller 80 determines and
displays the angle of downtilt, calculated in accordance with
the number of pulses connected from reed switch 43. The

" controller 80 then drives threzded member 34 back in the

opposife direction for the same number of pulses from reed
switch 43 so that it retums to the same position. The angle
of downtilt for each antenna may be stored in memory of
controller 80, This value will be updated whenever the
actual angle of downtill is measured in this way, The
“measure tiit” function may not be used if the coatroller is
locked.

Controller 80 may include tables in memory containing
the number of pulses from reed switch 43, that must be
counted for threaded member 34 to achieve each desired
degree of downtilt. This may be stored as a table containing
the number of pulses for each required degree of downtilt,
which may be in 0.1" steps. This approach ensures that any
nop-linearities of the antenna may be compensated For as the
tables will give the actual amounnt of movement required to
achieve a desired downuilt for a given antenna.

The “enable array” function may be used to enable each
atray when installed. The controller 86 will be prevented
from moving any array that has not been enabled. Controller
B0 will record in memory which arrays have been enabled.
The “disable array” function may be used to disable arrays
in a similar manoner.

The “lock controls” function may be used to lock the
controller once adjustmeat has been made. A “rack error”
signal may be displayed if the array has not aperated
correctly. This will indicate that an operator should inspect
the array.

Adjustment of the array may also be performed remotely.
Controlier 80 may be connected to modem 86 via serial line
87 which may comnect via telephoue lins 88 to a central
controller 89. Alternatively, the controller 80 may be con-
nected to a central controlier 89 via a radio link ste. The
functions previously discussed may be effected remotely at
central controiler 89. In a computer controlled system
adjustments may be made by a computer without operalor
intervention. In this way, the system can be integrated as part
of a control strategy for a cellular base station. For example,
a remote control centre B9 may adjust the downtilt of
antennas at a cellular base statien remotely o adjust the size
of the cell in response to traffic demand. It will be appreci-
ated that the capability to continvously and remotely control
the electrical dewntilt of 2 number of antenna of a cellular
base station may be utilised in a number of control strate-
gies.

Central contreller 89 may be a computer, supch as an [BM
compatible PC running a windows based software program,
A main screen of the program may show information

- regarding the antenna under control as follows:

I
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TYPE  CURRENT ]
GROUP 1 NAME ANGLE VALUE NEW STATUS
antenna 1 1 south vTo1 12° 12.5°  setting
antenna 2 1 nerth VTO1 12® 12.5° quened
aptenna 3 1 west VTO1 12° 125" queued

CURRENT NEW

GROUP 2 NAME TYPE ANGLE  VALUE STATUS
anteana 4 2 sowth vTo1 §° pending
antenna 5 2 narth VIOl &° 5% mudging
antenna § 2 west VTC1 5° Eaulty

The antennas may be arranged in groups at each site.
Group 1 for example contains antennas 1, 2 and 3. The
following information about each antenna is given:

Name; this is the user assigned name such as 1 south, 1

north, 1 west etc.

Type: this is the anteana type which the controller com-
municates to the PC at start-up.

Current Angle: this is the actual degree of beam tilt of an
antenna which is communicated from the coatroiler to
the PC at start-up. The controller afsa supplies to the PC
each antenna’s minimum and maximum angles of tilt.

New Value: by moving a pointer to the row of an antenna
and clicking a button of @ mouse the settings of an
antenna may be varied. When a user clicks on the
mouse the following options may be selected:
Name—the user may change the group or antenna

name.

Adjust—a user may enler a new angle in the “new

" value” column to set the antenna to a new value.

Nudge—the user may enter a relative value (Le.
increase or decrease the tilt of an antenpa by a
predetermined amount).

Measure—the controller may be instructed to measure
the actual angle of tilt of an antenna or group of
antennas,

If an antenna is in a “fault” condition then it may not be
adjusted and if a user clicks on 2 mouse when that antenna
is highlighted a dialogue box will appear instructing the user
10 clear the fault before adjusting the antenna.

Each antenna also includes a field indicating the status of
the antenna as follows:

0.K.—the anteana is functioning normally.

Queued—an instruction to read, measure, set or audge the
antenna has been queued until the controller is ready.

Reading—when information about an antenna is being
read from the controller.

Measuring—when the actual degree of tilt of the antenna
is being measured. '

Setting—when a new tilt angle is being set.

Nudging--when the tilt angle of the antenna is being
nudged.

Faulty—where an antenna is faulty.

When adjusting, measuring or nudging an antenna a
further dialogue box may appear describing the action that
has been ipstructed and asking a user to confirm that the
action should be taken. This safeguards against undesired
commaunds being carried out,
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Information for a site may be stored in a file which can be
recalled when the antenna is to be monitored or adjusted
again, It will be appreciated that the software may be
medified for any required control application.

Controller 80 may be a fixed controller installed in the
base of an antenna site or could be a portable control unit
which is plugged into connectors from contral lines 78.

Where in the forsgoing description reference has been
made to integers or components having known equivalents
then such equivalents are herein incorporated as if individu-
ally set forth.

Although this invention has been described by way of
example it is to be appreciated that improvemeats and/or
madifications may be made thereto without depariing from
the scope or spirit of the present invention.

Industrial Applicability

The present invention may find particular application in
antenna systems, such as those used in cellular communi-
cation systems,

What is claimed is:

1. A cellular base station telecommunication system, the
system developing a beam, the system comprising:

an antenna having a plurality of radiating elements;

an electromechanical phase shifter inchuding an electrical

actuator coupled to a mechanical phase shifter, said
phasa shifter being operatively coupled to said plurality
of radiating elements;

a comroller remotely located from said antenna and

operatively coupled to said phase shifter; and

a system component selected from the group consisting of

a beam elevation indicator, beam position sensing
circuit, and user interface.

2. The system of claim 1 wherein said controller is
adapted to adjust 2 beam direction.

3. The system of claim 1 wherein said controller is
adapted to adjust a beam downtilt,

4. The system of claim 1 wherein said costroler is

¥

adapled to adjust a phasing of signals supplied to at least -

some of the radiating elements in response to traffic
demands.

5. The system of claim 1 wherein said electromechanical
phase shifter has fArst and second compenents, at least cne
of said components being movable with respect to the other,
wherein said controller varies a phasing of signals supplied
to the radiating elements by causing a relative displacement
between said first component and said second cemponent.

6. The systern of claim 5§ wherein said relative displace-
ment is effected by drive devices sclected from the group
consisting of: a screw drive, rack-and-pinion drive, gear
drive, drive mechanism having plastic compenenis to reducs
intermodulation distortion, drive mechanism carmrying sig-
nals 1o said electromechanical phase shifter, and a pulse-
driven motor.

7. The system of claim 1 wherein said controller is
coupled to said electromechanical phase shifter bya tele-
phone link.

8 The system of claim 1 wherein said controller is
coupled to said electromechznical phase shifter by a wireless
link.

9. The system of claim 8 wherein said wireless link is a
radio link,

10. The system of claim 1 further including a phase shifter
lock.

11, The system of claim 1 wherein said controller is
adapied to adjust a phasing of signals supplied to at least
some of the radiating elements so as to cause an increase in
adowntilt angie of the beam or a decrease in a dowtilt angle
of the beam.
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12. Tke system of claim 1 wherein said controller is
adapted to produce selected different phasing of signals
supplied 1o at least some of the radiating elements.

13. The system of claim 1 wherein said conmtroller is
adapted to change a phasing of signals supplied to at least
some of the radiating elements by predetermined amouats.

14. The system of claim 1 wherein said controller is
adapted to measure a phase value of signals supplied to at
least some of the radiating ¢lements.

15. The system of claim 1 wherein said controller is
adapted to identify a status of said antenna.

16. The system of claim 1 further including a motor
operatively coupled to said electromechanical phase shifter,
said ¢lectromechanical phase shifter baving fimst and second
components, at least one of said components being movable
with respect to the otber, and wherein said controlier sup-
plies drive sigpals to said motor to cause at least one of said
first and second components to move relative {o the other.

17. The system of claim 16 wherein a portion of the beam
elevation indicator comprises a sensor operatively coupled
io the motor.

18. The system of claim 1 wherein a portion of the beam
elevation indicator comprises a sensor cperatively coupled
to the phase shifter.

19. The system of claim 16 wherein a portion of the beam
elevation indicator detects movement of a component of the
melor.

20, The system of claim 16 wherein the beam elevation
indicator detects rotational movement of the motor.

21. The system of claim 16 wherein the controiler
receives a signal from the beam elevation indicator, said
signal corresponding to rotational movement of the molor.

22. The system of claim 16 wherein the beam elevation
indicator detects movement of at least one of the first and
second components of the phase shifter.

23, The system of claim 16 wherein the cantreiler stores
in memory a value correspounding (o a number of movements
of the motor.

24. The system of claim 16 wherein the controller sup-
plies drive pulses to the motor and slores in memory an
indication of a pumber of drive pulses provided to the motor.

25. The system of claim 16 further including a limit
indicator operatively coupled to the ¢lectromechanical phase
shifter and configured to provide an indication {o the con-
irolfer when the electromechanical phase shifter is in a
displacement limit positica. '

26. The system of claim 1 further including a left limit
indicator and a right limit indicator operatively coupied to
the electromechanical phase shifter and configured to pro-
vide an indication to the controller when the electromechani-

cal phase shifter is in a left most or right most position,

respectively.
27, The system of claim 25 wherein at least one of the tirst

" and second components of the phase shifter is physically

dispiaced from the other by a maximum amount when the
phase shifter is in the displacemeut limit position.

28. The system of claim 23 wherein at least one of the first
and second components of the phase shifter is physically
displaced from the other by a minimum amount when the
phase shifter is in the displacement limit position,

29. The system of claim 25 wherein the coatroller resets
the ¢lectromechanical phase shifter to a known position by
activating the motor 10 place the electromechanical phase
shifter in the displacement imit position.

30. The system of clatm 25 wherein the controller deter-
mines a beam angle of the antenna by moving at least one
of the first and second companents of ithe phase shifter from
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a current position to the displacement limit position and
counting a oumber of pulses supplied to the motor to effect
such movement, said number of pulses being stored in a
memory to represent a current antenna beam angle value,

31. The system of claim 30 wherein the controller updates
the current antenna beam angle value after the phase shifter
has been moved to a new position, said currenl antenna
beamn angle value being modified by a number of pulses
provided to the motor io move the phase shifter to the new
position. ]

32, The system of claim 16 further including a table stored
in 2 memory of the controller containing data correlating a
desired antenna beam angle with a aumber of pulses to be
provided to the motor.

33, The system of claim 1 wherein the contraller stores in
memory an indication of a beam angle of the antemna.

34. The system of claim 1 wherein the controller stores in
memory an updated indication of a beam angle of the
zntenna corresponding to a change in downtilt.

35. The system of claim 16 further including a sensor
coupled to the motor to provide an indication to the con-
troller of a number of motor movements, said number of
movements correspoading to relative movement between
the first and second components of the phase shifter.

36. The system of claim 35 wherein the sensor is coupled
to at least one of the first and second components of the
phase shifter to provide an indicalion to the contraller, said
indication carresponding 1o refative movement between the
first and second components of the phase shifter.

37. The system of claim 1 wherein the beam elevation
indicator meludes a Hall-effect device,

38. The system of claim 16 wherein the beam elevation
indicator includes a magnetic sensor that provides a signal to
the controller corresponding o relative movement between
the first and second components of the phase shifter,

39. The system of claim 1 further including a user
interface operatively coupled to the contreller.

40, The system of claim 39 wherein the user interface is
wirelessly coupled to the controller,

41, The system of claim 39 wherein the user interface is
coupled to the controller by a telephenic link.

42, The system of claim 3% wherein the user interface
permits a plurality of actions to be taken, said actions
sclected from the group of actions consisting of: a) sclecting
one of a plurality of antennas, b) setting an antenna beam
angle, c) nudging an antenna beam angle, d) resetting an
antenna beam angle, ¢) measuring an antenna beam angle, £)
enabling an antenna, g) disabling an antenna, h) locking
controls of the user interface, and i) wnlocking controls of
the user interface.

43, The system of claim 3% wherein the user interface
provides a plurality of indications, said indications selected
from the group of indications consisting of: a) the anlenna
beam angle could not be set, b) the anienna beam angle
could not be measured, ¢} the antenna could not be enabled,
d) the antenna could not be locked, ¢) the controller was not
able to communication with the antenna, £) motor failure, g)
an anterna error has occurred, h) the aatenna could not be
nudged, and i) the antenna is functioning normally.

44, The system of claim 39 wherein data comresponding lo
antenna beam angle parameters is stored in a file accessible
by the controller. ’

45, The system of claim 16 wherein said motor s a
Stepper Moior. -

46. The system of claim 16 wherein said controller
supplies a predetermined number of drive pulses to said
motor.
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47. The system of claim 16 wherein said motor is located
on said antenna.

48. The system of claim 16 wherein said motor is
mechanically ¢oupled to said phase shifter and drives said
phase shifter,

49, A cellular base station telecommunication system, the
system developing a beam, the system comprising:

an antenna having a plurality of radiating e¢lements;

aa electromechanical phase shifter including an electrical

actuator coupled to a mechanical phase shifter, said
phase shifter being operatively coupled to said plurality
of radiating elements;

¢ controller remotely located from said antenna and

operaiively coupled (o said phase shifter; and
sensing circuitry adapted 1o delermine a position of the
beam.

50. A cellular base siation telecommunication system, the
system developing a beam, the system comprising:

an antenna having a plurality of radiating elements;

an electromechanical phase shifter including an electrical

actuator coupled to a mechanical phase shifter, said
phase shifter being operatively coupled to said plurality
of radiating elements;

a controller remotely located from said antenna and

operatively coupled to said phase shifter; and

a user interface operatively coupled to the controller.

51. The system of claim 50 wherein the user interface is
wirsiessly coupled to the controller.

52. The system of claim 50 wherein the user interface
permits a plurality of actiops to be taken, said actions
selected from the group of actions consisting of: a) selecting
one of a plurality of antennas, b) setting an antenna beam
angle, ¢} nudging an antenna beam angle, d) resetting an
antenna beam angle, e} measuring an antenna beam angle, f)
enabling an antenna, g) disabling an antenna, h) locking
controls of the user interface, and I} unlocking controls of
the user interface.

53. The system of claim 50 wherein the user interface
provides a plurality of indications, said indications selected
from the group of indications consisting of: a) the antenna
beam angle couid not be set, b) the antenna beam angle
could not be measured, <) the antenna could not be enabled,
d) the antenna could not be locked, €) the coutroller was aot
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able to communication with the antenna, f} motor failure, g} 45

an anteana error-has occuired, h) the antenna could aot be
nudged, and 1) the antenna is functioning normally.

54. A cellular base station telecommunication system, the
system developing a beam having a fixed elevation, the
system comprising:

an antenna having a plurality of radiating eiements;

an electromechanical phase shifter operatively coupled to
said plurality of radialing slements and to an electrical
actualor; and
controller located remotely from said antenna and
operatively coupled to said electrical actuator and to a
beam elevation indicator, a user interface coupled to
said controller and configured to facilitate adjustment
of the beam from a first fixed elevation to a second
fixed elevation.

55. The system defined by claim 54 wherein said electn-
cal actuator includes 2 stepper motor, said electromechanical
phase shifter having first and second components, at least
one of said components being movable with respect to the
other, wherein said controller supplies drive signals to said
motor lo cause at least one of said first and second compo-
nents to mave.
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56. The system of claim 55 wherein the controller stores
in memory a value corresponding 10 a number of movements
of the motor.

57. The system of claim 55 wherein the controller sup-
plies drve pulses to the motor and stores In memory an
indicaticn of a number of drive pulses provided to the motor.
-~ 58. The system of claim 34 further including a limit
indicator operatively coupled to the electromechanical phase
shifter and configured to provide an indicaticn to the con-
trolfer when the electromechanical phase shifter is in a
maximum displacement limit position.

59. The system of claim 54 further including a left limit
indicator and a right limit indicator operatively coupled to
the electromechanical phase shifter and configured to pro-
vide an indication to the controller when the eiectromechani-
cal phase shifter is in a left-most ar right-most poesition,
respectively.

60. The system of claim 35 wherein at least one of the first
and second components of the phase shifter is physically
displaced from the other by a maximum amount when the
phase shifter is in the displacement Limit position.

61. The system of claim 55 wherein at least one of the first
and second components of the phase shifter is physically
displaced from the other by a minimum amount when the
phase shifter is in the displacement limit position.

62. The system of c¢laim 55 wherein the controller resets
.the slectromechanical phase shifter to a known position by
activating the motor so as to place the electromechanical
phase shifter in the displacemesnt limit position.

63. The system of claim 35 wherein the controller deter-
mines a beam angle of the antenna by moving at least one
of the first and second components of the phase shifter from
a current position to the displacement limit position and by
counting a number of pulses supplied to the motor to effect
such movement, said oumber of pulses being stored i a
memory to represent a current antenna beam angle value.

64. The system of claim 63 wherein the controller updates
the current antenna beam angle value after the phase shifter
has been moved to new position, said current antenna beam
angle value being modified by a number of pulses provided
to the moter to move the phase shifter to the new position.

65. The system of claim 55 further Inchuding a tabie stored
in a memory of the controller containing data correlating a
desired antenna beam angle with a number of pulses to be
provided ta the motor.

66. The system of claim 54 wherein the controller stores
in memory an indication of a beam angle of the anteana.

67. The system of claim 55 wherein said motor is located
oa said antenna.

68. The system of claim 55 wherein said motor is-
mechanically coupled to said phase shifter and drives said
phase shifter,

69. A method of adjusting a beam in a cellular base station
telecommunication system, the system having an antenna
with a plurality of radiating elements, the method compris-
ing the steps of:

providing an electromechanical phase shifter;

coupling said electromechanical phase shifter to said

plurality of radiating elements;

controlting the electromechanical phase shifter from a

location remote from the antenna to adjust a phasing of
signals supplied to at least some of the radialing
elements; and

sensing a position of the beam by the controller.

70. The method of claim 9 wherein said electromechani-
cal phase shifter is adapted to adjust a direction of said bean.

71. The method of claim 69 wherein said electromechani-
caf phase shifter is adapted to adjust a downtilt of said beam.
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72. The method of claim 6Y wherein said electromechani-
cal phase shifter is adapied to adjust a phasing of signals
supplied to af least selected radiating elements in response to
traffic demands.

73. The method of claim 69 further including the steps of
providing said electromechanical phase shifter with first and
secomxl components, at least one of said components being
movable with respect to the other, and varying a phasing of
signals supplied to at lcast some of the radiating elemeunts by
causing a relative displacement between said first compo-
nent and said second component.

74. The method of cfaim 73 further including the steps of:

providing a puise-driven motor;

causing the motor to displace at least one of the first and
second components to a displacement limit position
corresponding to a predetermined signal phasiog; and

providing a predetermined number of pulses to the motor
to cause the motor to displace at least one of the first
and second components away from said displacement
limil position by a predetermined amount so as to.
achieve a predelermined signal phasing.

75. The method of claim 6% further including the step of
adjusting said ¢lectromechanical phase shifier to produce an
increase in a beam angle or a decrease in a beam angle, said
adjusting performed by said controller

76. The method of claim 69 including the step of adjusting
said electromechanical phase shifter to produce selected
ditferent phasing of signals suppliad to at least some of the
radiating elements, said adjusting performed by said con-
troller.

7. The method of claim 69 including the step of adjusting
2 phasing of signals supplied to at least selected radiating
¢lements by predetermined amounts, said adjusting per-
formed by said controller.

78. The method of claim 74 further including the step of
the controller storing in memory a value of a number of
movements of the motor.

79. The method of chim 74 further including the step of
the controller supplying drive pulses to the motor and
storing in memory an indication of a number of drive pulses
provided to the motor, )

80. The method of claim 74 further including the step of
operatively coupling a limit indicator to the ¢lectromechani-
cal phase shifter, the limit indicator configured to provide an
indication to the controller when the electromechanical
phase shifter is in a displacement limil position.

81. The method of claim 80 further including the step of
activating the motor to place the electromeckanical phase
shifter in the displacement limit position to place the elec-
tromechanical phase shifter in a known pesition.

82. The method of ciaim 89 further including the step of
moving at least one of the first and second components of the
phase shifter from a current positicn lo the displacement
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limit position and counting a number of pulses supplied to
the motor to cffect such movement, said number of pulses
being stored in a memory to represent a current beam angle.

83. The method of claim 82 further including the step of
updating the current antenna beam angle number after the
phase shifter has been moved to new position, said current
antenpa beam angle vaiue being modified by a number of
pulses provided to the motor 10 move the phase shifter to the
new position.

84. The method of claim 74 further including the step of
providing a table in a memory of the controller, the table
coutaining data correlating a desired antenna beam angie
value with a number of pulses to be provided to the motor.

85. The method of claim 69 further including the step
storing in memory of the contraller an indication of a beam
angle of the antenna,

B86. The method of claim 69 further including the step
storing in memory of the controtler an updated indication of
a beam angle of the antenna corresponding to a change in
downtilt.

87. The method of claim 74 further including the step
coupling a sensor 1o the motor, and providing an indication
to the controller corresponding to a number of motor
movements, said oumber of movements corresponding to
physical movement between Lhe first and second compo-
nents of the phase shifter. i

88. The method of claim 73 further including the step of
coupling a sensor to at least one of the first and second
components of the phase shifter to provide an indication to
the controller corresponding to relative movement between
the first and second compornents of the phase shifier.

89. The method of claim 69 further including the step of
providing a user interface, the user interface permitting
selection of a piurality of zctions to be taken, said actions
selected from the group of actions consisting of; a) sclecting
ope of a plurality of antsonas, b} selting an anteona beam
angle, ¢) nudging an antenna beam angle, d)} resetting an
antenna beam angle, ¢) measuring an antenna beam angle, f)
emabling an antenna, g) disabling an antenna, h) locking
controls of the user interface, and i) unlocking controls of
the user interface.

90. The method of claim 69 further inciuding the step of
providing a user interface, the user interface providing a
plurality of indications, said indications selected from the
group of indications consisting of* 4} the antenna beam angle
could not be set, b) the antenna beam angle could not be
measured, ¢) the antenna could not be enabled, d) the
antenna could not be locked, ¢) the controller was not able
to communication with the antenna, £) motor failure, g) an
antenna error has occurred, h) the antenna could not be
nudged, and i) the antenna is functioning normally.
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ANTENNA CONTROL, SYSTEM

This is 2 continuation of application Ser. No. 09/713,614,
filed Nov. 13, 2000, entitled Agtenna Control System, now

U.S. Pat. No. 6,346,924, which is a continuation of appli-*

cation Ser. No. (8/817,445, filed Apr. 30, 1997, entitled
Antenna Coatrol System, now U.S. Pat. No. 6,188,458 Bl
which is a 371 of PCT/NZ95/00106, filed Oct. 10, 1995.

THE TECHNICAL FIELD

The present invention retates 1o an antenna control system
for varying the beam tilt of one or more antenna. More
particularly, although not exclusively, the present invention
relates to a drive system for use in an antenna which
incorporates ane or more phase shifter.

BACKGROUND OF THE INVENTION

In order to produce downtilt in the beam produced by an
antenna array {for example a panel antenna) it is possible to
cither mechanically tilt the panel antenna or electrically steer
the beam radiated from the panel antenna according to
techniques known in the art.

Panel anlennas, such as those to which the present appli-
calion is conceroed, are often located on the sides of
buildings or similar structures. Mechanical tilling of the
anteona away from the side of the building increases the
susceptibility of the installation to wind induced vibration
and can impact on the visual emvironment in situaticos
where significant amounts of downtilt are required.

In order to avoid the above difficulties, electrical beam
steering can be effected by introducing phase delays into the
sigmal input into radiating clements or groups of radiating
elements In an antenna array.

Such techriques are described in New Zealand Patent
Specification No. 235010,

Various phase delay techoiques are known, including
inserting variable length delay lines into the network feeding
to the radiating clement or elements, or using PIN diodes to
vary the phase of a signal transmilted through the feeder
network.

A further means for varying the phase of two signals is
described in PCT/NZ94/00107 whose disclosure is incorpo-
rated herein by reference. This specification describes a
mechanically operated vapable differential phase shifter
incorporating one input acd twa outputs.

For the preseat purposes. it is sufficient 1o note that phase
shifters such as those described in PCT/NZI4/00107 are
adjusted mechanically by sliding an external sleeve along
the body of the phase shifter which alters the relative phase
of the signals at the phase shifter outputs.

A typical panel antenna will incorporate cne or more
phase shifiers and the present particular embodiment
" includes three phase shifters. A signal is input to the primary
phase shifter which splits the signal into two signals having
a desired phase relationship. Each phase shifted signal is
then input into a secondary phase shifter whose outputs
feeds at least one radiating element. In this manner a
progressive phase shift can be achieved across the entire
radiating clement array, thus providing a means for electri-
cally adjusting the downtilt of the rddiated beam. Other
phase distributions are possible depending on the application
and shape of the radiated beam.

While the steering action is discussed in the context of
dowantilt of the radiated beam, it is to be understood that the
present detatled description is not limited to such a direction.
Beam tilt may be produced in any desired direction.
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Another particular feature of the variable differential
phase shifters is that they provide a continnous phase
adjustment, in contrast with the more conventional stepped
phase adjustments normally found in PIN diode or stepped
length delay line phase shifters. :

In a panel antenna of the lype presenily under
consideration, it is desirable to adjust the entire phase shifter
array simultaneously so that a desired degree of beam tlt
may be set by the adjustment of a single mechanical setting
means. The mechanical drive which performs such an
adjustment mus! result in reproducible downtiil angles and
be able to be adapted to provide for a number of different
phase shifter array configurations.

It is also desirable that the beam tilt of an antenna may be
varied remotely to avoid the need for personnel to climb a
structure to adjust antenna beam tilt.

DISCLOSURE OF THE INVENTION

It is an object of the present invention to provide a
mechanical drive system for use in adjusting mechanica}
phase shifters which mitigates the abovementioned
difficulties, provides a solution to the design reguirements of
the aniennas or anlenna arrays described above, or at least
provides the public with a useful choice.

Accordingly, there is provided a mechanical adjustment
means for adjusting the relative phase shifts produced by a
plurality of phase shifters connecled to an array of radiating
clements, said mechanical adjustment means including:

first means for moving a first portion of a first phase

shifter relative to a second portion of said first phase
shifter to vary the phase difference between output
signals from the first phase shifter; and

secord means for moving a first portion of a second phase

shifter refative to a second portion of said second phase
shifter to vary the phase difference between output
sipnals from the second phase shifier, wherein the
second phase shifter is fed from ao output of the first
phase shifter and the degree of mavement of the second
means is dependent vpon the degree of movement of
the first means.

Preferably, movement of the second means resuits in
simultaneous movement of a first portion of a third phase
shifter with respect to a secord portion of the third phass
shifter wherein the third phase shifter is fed from an output
of the first phase shifter.

Preferably the outpuis of the second and third phase
shifters are connected to radiating elements so as to produce
a beam which tilts as the first and second means adjusts the
phase shifters.

Preferably the movement of the first portion of the first
phase shifter a first distance relative to the second portion of
the first phase shifter results in relative movement betwecn
first portions of the second and third phase shifters relative
lo second portions of the second and third phase shifters of
about twice the first disiance.

According 1o a first preferred embodiment the first means
includes a gear wheet which drives a rack connected to a first
portion of the first phase shifter, arranged so that retation of
the first gear wheel causes the first portion of the first phase.
shifter 10 move relative 10 the second portien of the first
phase shifter. Preferably, the second portion of the first phase
shifter is mounted to a carriage and the outputs of the first
phase shifter are connected to inputs of the second and third
phase shifters by push rods so that movement of the second
portion of the fiest phase shifter moves the first portiens of
the second and third phase shifters with respect to the second
portions of the second and third phase shiflers.
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Preferably a second gear is provided co-axial with and
connected to a shaft driving the first gear which drives a rack
connected tothe second part of the first phase shifter so that
rotation of the second gear canses movemeat of the first
portion of the second acd third phase shifters relative to the
second portions of the second and third phase shifters.

Preferably the ratio between the first and second gear
wheels is about 3:1.

According to a second embodiment of the present inven-
tion the adjustment means includes a shaft and said first
means Includes a first threaded portion provided on said
shaft anc a first cooperating threaded member connected to
the first portion of the first phase shifter. The second means
inciudes a second threaded portion provided om said shaft
and a second cooperating threaded member connected to the
first portion of the second phase shilter. The arangement is
such that rotation of the shaft causes the first portioa of the
first phase shifter to move relative to the second portion of
the first phase shifter at a rate of about twice that of the
movement of the ficst portion of the second phase shifter
relative to the second portion of the second phase shifter.

Preferably the second threaded member is connected to
the second portion of the first phase shifier and moves the
first portion of the second phase shifter via a push rod. This
push rod is preferably a coaxial line congecting an output
from the first phase shifter to the input to the second phase
shifter,

Preferably there is further provided a third phase shifter
fed from a second cutput of the first phase shifter via a push
rod which moves a first portion of the third phase shifter in
unison with the first portion of the second phase shifter.

According to a further aspect of the inveation there is
provided an antenna syslem cOmprising one or more antenna
including clectromechanical means for varying the downtilt
of the antenna and a controller, cxteraal to the antenna, for
supplying drive signals to the electromechanical means for
adjusting downtiit.

Preferably the system includes a plurality of antennas and
the controller may adjust the dowatilt for the plurality of
antennas and store the degree of downtilt of cach anteona in
MSIROCY.

Preferably the controller may be controlled remotely from
a control centre so that a pluraiity of such systems may be
remotely controlled as part of a control strategy for a number
of celtular base stations.

Preferably the electromechanical means varies the elec-
irical downtilt of each antenna and means are included for
monitoring the electromechanical means and providing sig-
nals representative of the position of the electromechanical
means to the controller,

BRIEF DESCRIFTION OF THE DRAWINGS

Embodiments of the invention will now be described by
way of example with reference (o the accompanying draw-
ings in which:

FIG. 1: shows a paoel antecna incorporating a phase
shifter drive mechanism according to a first embodiment of
the invertion.

FIG. 2: illustrates a primary phase shifter incorporating a
gear rack.

FIG. 3: illustrates an exploded view of the adjustment
assembiy incorporated into the carriage.

FIG. 4: shows diagrammaticaily the operation of the drive
mechanism according to the first embodiment.

FIG. 5: shows a panel antenna incorporating a phase
shifter deive mechanism according to a second embodiment
of the invention. '
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FIG. 6: shows the phase shifter drive mechanism of FIG.
5 in detail.

FIG. 7: shows the electrical coanection of the motor,
swilches and reed switch of the drive mechanism shown in
EIG. 6.

-FIG. 8: shows a controller for controlling the drive
mechanism shown in FIGS. 6 and 7.

FIG. 9: shows an antenna system according to one aspect
of the present invention having a plurality of antennas
conirolled by a controller.

BEST MODE FOR CARRYING QUT THE
INVENTION

Referring to FIG. 1 there is shown the back side of a panel
antenna 4 having a first phase shifter 1, a second phase
shifter 2, a third phase shifter 3 and a phase shufter drive
mechanism 5. Feed line 6 is connected to input 7 of phase
shifter 1. A first portion 8 of phase shifter 1 is moveable
relative to a second portion 9 of phase shifter 1.

Qutput signals from phase shifter 1 are supplied via lines
10 and 11 to inputs 12 and 13 of phase shifters 2 and 3
respectively. Feed lines 10. and T1 comprise coaxial push
rods which serve the functions both of [eeding signals from
the outpuls of phase shifter 1 lo phase shifters 2 and 3 and
moving first portions 14 and 15 of phase shifters 2 and 3
relative to second portion 16 and 17 of phase shifters 2 and
3 respectively.

Signals output from phase shifters 2 and 3 are supplied via
coaxial lines 18, 19, 20 and 21 to be fed to respective
radiating elements (not shown).

In use first portion 8 of phase shifter 1 may be moved
relative to second portion 9 of phase shifter 1 to change the
relative phase of signals supplied via lines 16 and 11 to
phase shifters 2 and 3 respectively. First portions 14 and 15
of phase shifters 2 and 3 may be moved relative to second

portions 16 and 17 of phase shifters 2 and 3 to vary the phase ~

of signals suppiied by lines 18, 19, 20 and 21 to respective
radiating elements,

When phase shifters 1, 2 and 3 are adjusted in the correct
respective poitions the beam emitted by the antenna can be
tilted as required. It will be appreciated that where a less
defined beam is requirsd fewer phase shifters may be
employed.

To achieve even continuous beam tiltting for the embodi-
ment shown in FIG. 1 the first pottions 14 and 13 of phase
shifters 2 and 3 should move relative to the second portion
16 and 17 of phase shifters 2 and 3 at the same tate. The first
portion 8 of phase shifter 1 must however move relative to
the second portion 9 of phase shifter 1 al twice this rate. In
the arrangement shown second portion 9 of phase sifter 1
is connected to carriage 22. Movement of carriage 22 results
in movement of first portions 14 and 15 of phase shifters 2
and 3 via push rods 10 and I1,

Referring now to FIG. 4, operation of the phase shifter
drive mechadnism will be explained, Second portion ¢ of
phase shifter 1 is mounted 1o a carmiage 22 which can move
left and right. If carriage 22 is moved to the left first portions
14 and 15 of phase shifters 2 and 3 will be moved to the left
via push rods 10 and 11. First portion 8 of phase shifter 1
may be moved relative to second portion 9 of phase shifter
1 to vary the phase of signal supplied to phase shitters 2 and
3

According o this first embodiment a rack 23 is secured to
first portion 8 of phase shifter 1. Upon rotaticn of gear wheel
24 first portion 8 of phase shifier 1 may be moved to the left
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or the right. A smaliler gear wheel 25 is secured to and rotates
with gear wheel 24, This gear wheel engages with a rack 26
provided on carriage 22, A further gear wheel 27 is provided
which may be driven to rotate gear wheels 24 and 25
simultanecusly.

Gear wheel 24 has 90 teeth whereas gear whee! 25 has 30
teeth, It will therefore be appreciated that rotation of gear
wheel 24 results in first portion 8 of phase shifter 1 being
moved three times as far as carriage 22 {and hence first
portions 14 and 15 of phase shifters 2 and 3). However, as
carriage 22 is moving in the same direction as the first
portion § of phase shifter 1 it will be appreciated that the
relative mevement between first portion 8 and second por-
tion 9 of phase shifter 1 is twice that of the relative
movemect between the first and second portions of phase
shifters 2 and 3. Accordingly, this arrangement results in the
relative phase shift produced by phase shifter 1 being twice
that produced by phase shifters 2 and 3 (as required to
produce even beam tilting it a branched feed arrangement).

The particular arrangement is shown in more detail in

FIGS. 2 to 4. 1t will be appreciated that gear wheel 27 may’

be driven by any appropriate manual or driven means. Gear
wheel 27 may be adjusted by a knob, lever, stepper motor or
other driven actuator. A keeper 28 may be secured in place
1o prevent movement once the desired settings of the phase
shifters have been achieved.

Referring now to FIGS. 5 and 6, 2 second embodiment
will be described. As seen in FIG. 5, the arrangement is
substantially the same as that shown in the first embodiment
except for the drive mechanism 30 employed, which is
shown in FIG. 6.

In this embodiment the drive mechanism includes a shaft
31 having a first threaded portion 32 and a second threaded
portion 33 provided thereon. A first threaded member 34 is
connected to a first portion 35 of primary phase shifter 36.
A second threaded member 37 is connected to the second
portion 38 of primary phase shifter, 36.

First threaded porticn 32 is of three times the pitch of
second threaded portion 33 (e.g, the pitch of the first
threaded portion 32 is 6§ mm whereas the pitch of the second
threaded portion is 2 mm). In this way, first portien 35 is
driven in the direction of movement at three times that of
second portion 38, In this way the phase shifi produced by
primary phase shifter 36 is twice that of secend and third
phase shifters 39 and 40.

Shaft 31 is rotated by motor 41. This may suitably be a
geared down 12 volt DC motor. The other end of shaft 31 is
supported by cod bearing 42, A reed switch 43 is provided
to detect when magnets 44 pass thereby. In this way the
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number of rotations of shaft 31 may be monitored. Limit -

switches 45 and 46 may be provided so that the motor is
prevented from further driving shaft 31 in a given direction
if threaded member 34 abuts a lever of limit switch 45 or 46
respectively. _

Operation of the drive means according to the second
embodiment will now be described by way of example.
Maotor 41 may rotate shaft 31 in an anticlockwise direction,
viewed from right to left along shaft 31. Threaded member
37 {s driven by second threaded portion 33 to move push
tods 47 and 48 1o the lefl, and thus to adjust phase shifters
19 and 460.

Threaded member 34 is driven to the left at three times the
rate of threaded member 37. First portion 35 thus moves to
the left at three times the rate of secoad portion 38. First
portion 35 therefore moves relative to second portion 38 at
Iwice Lhe speed the first portions of phase shifters 39 and 40
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move reletive to their respective second portions. In this
way, delays are introduced in the paths to respective radi-
ating elements so as to produce an evenly tilting beam.
The conductivity of reed switch 43 is mouitored so that
the number of rotations, or part rotations, of shaft 31 may be
monitored. If the motor continues driving shaft 31 until
threaded member 34 abuts the lever of limit switch 45 then
logic circvitry will only permit motor 41 to drve in the

‘opposite direction. Likewise if threaded member 34 abuts

the lever of limit swilch 46 the motor 41 will cnly be
permitted to drive in the opposite direction.

It will be appreciated that the techniques of both embodi-
ments could be employed in antenna arrays using a lurger
number of phase shifters. In such applications the relative

‘movement of the first portion of each phase shifter relative

to the second portion of each phase shifter would decreased
by a factor of 2 for each successive phase shifter along each
branck. The ratios used may be varied if the radiation pattern
of the anieoma needs to be altered to account for the
directivity of the individual radiating elements and the effect
of the back pacel as the amount of downiilt is varied.

Componenis of the drive mechanism 30 are preferably
formed of plastics, where possible, to reduce intermedula-
tion, Threaded members 34 and 37 preferably include plastic
links to phase shifter 36 to reduce intermodulation.

It will be appreciated that a number of mechanical drive
arrangements may be used to achieve adjustment of the
phase shifters in the desired ratio. It is also to be appreciated
that sophisticated control electronics may be employed,
although the simplicity of construction of the present inven-
tion is seen as an advantage.

FIG. 7 shows how motor 41, reed switch 43 and switches
45 and 46 are connected to lines 71, 72, 76 and 77 from an
external controller. Lines 71, 72, 76 and 77 are sheathed by
conduit 78. Lines 71 and 72 supply current fo drive motor
41, Section 73 ensures that if threaded member 34 is driven
to either the feft-hand side limit or the right-hand side limit
it can only be driven in the opposite direction. In the position
shown in FIG. 7, switch 45 dircctly connects line 71 to
switch 46 via diode 74. In the position shown switch 46
connects line T1 o motor 41 via diode 75. This is the normal
position of the switches when threaded member 34 is not at
erther extreme limit, When threaded member 34 is drven to
the extreme left, for example, and actuates switch 45, thea
swiich 43 open circuits the path via diode 74. Dicde 74
atlows current flow in the direction ailowing motor 41 to
drive to the left. Accordingly, when switch 45 is open, motor
41 can only drive in such a direction as to drive threaded
member 3 to the right (i.e.: current in the direction allowed
by diode 75).

Likewise, if threaded member 34 is driven to the extreme
right, switch 46 is opened o break the path via dicde 75.
This prevents motor 41 driving in such a direction as to drive
threaded member 34 further to the right.

Lines 76 and 77 are connected ta teed switch 43 so that
the opening and closing of reed switch 43 may be monitored
by an external control unit. In use, the opening and clesing
of reed switch 43 may be monitored to determine the
position of threaded member 34, and hence the correspond-
ing degres of tilt of the anlenna.

To select an initial angle of downtiit threaded member 34
may be driven to the extreme right. An external controller
may provide a current in one direction to motor 41 to drive
member 34 to the right. The motor wili continte te be driven
to the right until threaded portion 34 abuts switch 46. When
switch 46 is opened diode 75 will be open circuited, which
will prevenl the moter being driven further to the rghl.
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The controller will sense that threaded member 34 is at its
extreme right position as it will detect that reed switch 43 is
pot opening_and closing. After a predetermined delay the
controller may then provide a current in the opposite direc-
tion via lines 71 and 72 to motor 41 1o drive it lo the [eft. As
the motor is driven fo the left the controller will monitor the
opening and closing of reed switch 43 to determine how far
threaded member 34 has moved fo the left. The controller
will continue to move threaded member 34 to the left until
reed switch 43 kas opened and closed a predetermined
number of times, corresponding to a desired angle of down-
tilt. Alternatively, threaded member 34 may be driven to the
extreme left and then back to the right.

As shown in FIG. 9, at an anteana site a aumber of such
panels 0 may be insialled and controlled by a singie
controller 80 as shown in FIG. 8. The four wires 71, 72, 76,
and 77 correspond to respective cable groups 78 to three
such antenna panels. Controller 80 may be provided at the
base of an antenna site to allow an operator to adjust the tilt
of a plurality of aniennas at ground level, rather than
requiring a serviceman to climb up the antenna structure 92
and adjust each antenna manually. Alternatively, controller
80 may be a hand-held unit which can be plugged inte a
connector at the hase of an antenna to adjust the antenna at
a sile.

Controller 80 may include z display 81, an “escape”
button §2, an “enter” button 83, an “up” button 84 and
“down™ button 85. At power up display 81 may simply
display a home menu such as “Deltec NZ Lid© 1995, Upon
pressiog aony key, a base menu may be displayed including
aptions such as:

unlock controls

set array tilt

measure tilt

enable array

disable array

lock controls

The up/down keys may be used to move through the menu
and the enter key 83 used lo select an option. If “unlock
controls” is seiected a user will then be required to enter a
three digit code. The up/down keys may be used to move
through the aumbers G to 9 and enter used to select each
number. If the correct code is entered “locked released™
appears. If the incorrect code is entered “controls locked”
appears and a user is returned to the home menu. If “set array
tlt” is selected from the base menu the following may
appear:

set array tilt

array:01 X.X°

The up-down keys 84, 85 may be used to select the
desired array pumber. The enter key accepts the selected

array and the previously recorded angle of downtilt may be

displayed as follows:

sel array tilt

array: 01 4.6°

In this example the previously set angle of downtiit with
4.6° Using the up/down keys 84,85 a new angle may be
entered. Controller 8¢ may then provide a current to motor
41 via lines 71 and 72 to drive threaded portion 34 in the
desired direction to alter the downtilt. The opening and
closing of reed switch 43 is monitored so that threaded
member 34 is moved in the desired direction for a prede-
termined number of pulses from reed switch 43, The down-
tiit for any other array may be changed in the same manner.
If the cootroller is locked 2 user may view an angle of
downtiil but will not be able to aller the angle.
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If the “measure array” option is selected the present angle
of downtilt of the antenna may be determined. Upon select-
ing the “measure tilt” function from the base menu, the
fellowing display appears:

measuze tilt :

- array: 01 X.X° .

The up/down buitons may be used 1o select the desired
array. The enter key will accept the selected array. To
measure the actual angle of downtilt controller 89 drives a
motor 41 of an array to drive member 34 1o the right. Motor
41 is driven untif threaded member 34 abuts switch 46. The
controller 80 counts the number of pulses from reed switch
43 to determine how far threaded portion 34 has traveled. At
the extreme right position the controller 80 determines and
displays the angle of downtilt, calculated in accordance with
the oumber of pulses connected from reed switch 43. The
controller 8@ then drives threaded member 34 back in the
opposile direction for the same number of pulses from reed
swilch 43 so that it returns to the same position. The ungle
of downtilt for each antenna may be stored in memory of
controller 80. This value will be updated whenever the
actual angle of downult is measured in this way. The
“measure tiit” function may not be used if the cootroller is
locked. .

Controller 80 may include tables in memory containing
the number of pulses from reed switch 43 that must be
counted for threaded member 34 fo achieve each desired
degree of dowatili. This may be stared as a table containing
the number of pulses for each required degree of downtilt,
which may be in 0.1° steps. This approach ensures that any
non-linearities of the antenna may be compeasated for as the
tables will give the actual amount of movement required to
achieve a desired downtilt for a given aotenna.

The “enable array” function may be used to enabie cach
array whea installed. The controller 80 will be prevented
from moving any afray that has not been enabled. Controller
80 will record in memory which arrays have been snabled.
The “disable array” function may be used to disable arrays
in a similar maoner.

The “lock controls™ function may be used to lock the
controller once adjustment has been made. A “rack error”
signal may be displayed if the array has pot cperated
correctly. This will indicate that an operator should inspect
the array.

Adjustment of the array may also be performed remotely.
Controlier 80 may be connected to modem 86 via serial line
87 which may connect via telephone line 88 to a central
controller 89. Alternatively, the controller 80 may be con-
nected {0 a centra] controller 89 via a radio link eic. The
Functiops previously discussed may be effected remotely at
central controller 89. In a computer controlled system
adjustments may be made by a computer without operator
inlervention. In this way, the system <an be integrated as part
of a control strategy for a celular base station. For example,
a remote control centre 89 may adjust the downtilt of
antennas at a cellular base station remotely to adjust the size
of the cell in response (o traffic demand. It will be appreci-
ated that the capability to continvously and remotely control
the electrical downtilt of a number of antenna of a cellular
base station may be utilised in & number of conlrol. strate-
gies.

Central controller 8% may be a computer, such as an IBM
compatible PC running a windows based software program.
A main screen cof the program may show information
regarding the antenna under control as follows:
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NAME TYPE  ANGLE  VALUE STATUS
GROUP 1
amenna 1 1 south vTOL 12° 12.5° selting
anteana 2 1 north VIOl 12° 12.5% queued
antspna 3 1 west VTOl 12° 12.5" queusd
GROUR 2
antenna 4 2 south VIl 6° pending -
antenna 5 2 gorth  YI01 §° 57 nudging
antcone § 7 west VTO} 6° faulty

The anlennas may be arranged
Group 1 for example contains anfennas 1, 2 and 3. The
following information about cach antenna is given:

Name: this is the user assigned name such as 1 south, 1

north, 1 west ete.

Type: this is the antennd type which the controller com-

municates to the PC at start-up.

Current Angte: this is the actual degree of beam dlt of an

antenna which is communicated fram the countroller to
{he PC at start-up. The controller alsn suppties to the PC
each antenna’s miaimum and maximum angles af tild.

New Value: by moving a pointer 1o the row of an anlenna

and clicking a button of 3 mouse the settings of an

aptenna may be vaded. When a user clicks on the

mouse the following options may be selected:

Name—-the user may change the group or antenna
name,
Adjust—a user may enter a new angle in the “new
value” column to set the antenna 10 a pew value.
Nudge—the user may enier A relative value (fe
increase ot decrease the tilt of an antenna by 2
predetermined amourt).

Meastre—the controller may be instructed o measure
\he actual angle of tiit of an antenna or group of
antennas.

If an antenna is in @ “fault” condition then it may nat be
adjusted and if a user clicks on a mouse when that antenna
is highlighted a dialogue box will appear instructing the user
1o clear the fault before adjusting the antenna.

Each antenna also includes 2 field indicating the status of
the antenna as foliows:

0.K.—the antenna is functioning normaily.

Queued—an ipstrection to read, measure, set or nudge the

antenna has been queued uatil the controlier is ready.

Reading—when information abgut an antenna is beiog

read from the controller.

Measuring—-when the actual

is being measured.

Setting—when a new iilt angle is being set.

Nudging—when the tilt angle of the apienad is being

nudged.

Faulty—where an antesna is fanlty.

When adjusting, measuring or nudging an aptenna 2

- further dialogue box may appear describing the action that
has been instructed and asking a user to confum that the
action should be taken. This safeguards against undesired
commands being carried out.

Information for a site may be stored in a fite which can be

cecalled when the antenna Is to be monitored or adjusted

degree of tilt of the anteana

again. 1t will De appreciated that the software may be
modified for any required coatrol application.
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Controller B0 may be 2 fixed controller installed in the
base of an anlenpa sité of could be a portable controk unit
which is plugged into conneclars from control lines 78.

Wherte in the foregoing description reference has been
made to iftegers Or COMPONENIS having known equivalents
then such equivalents are herein incorporated as if individu-
ally set forth.

Although this invention has been described by way of
example it is to be appreciated that improvements and/or
modifications may be made thereto without departing from
the scope or spirit of the present inveation.

Industrial Applicability
The present invention may find particular application in
antenna systems, such 28 those used in cellufar COMIuL-
cation syslems.
What is claimed is:
1. A method for adjusting beam elevation in a cellular
base station telecommunication system, the system having a
plurality of separately driven arrays of radiating elements
producing a ke plurality of beams, the method comprisiog: -
providing 2 respective plurality of variable phase shifters
for said plurality of arrays of radiating elements; and

independently controlling said phase shifters from a com-
mon controller to separately adjust the elevation of
ecach of said plurality of beams.

2 The method of claim 1 wherein said plurality of agrays
comprise, respectively, part of a plurality of independent
antennas.

3 The method of claim 1 wherein at least coe of said
phase shifters is configured to adjust a beam downtilt.

4. The method of claim { wherein at least one of said
phase shifters is configured to adjust a phasing of signals
supplied to the associated arcay of radiating elemenls in
response 10 traffic demands.

5 The method of claim 1 wherein at least one of said
phase shifters has first and second components, at least one
of said components being moveable with respect © the
other, and wherein causing a relative displacement between
<aid first component and said second component varies 4
phasing of signals supplied to the associated array of radi-
ating clements.

6. The method of claim 5 wherein szid relative displace-
ment is effected by drive devices selected from the group
consisting ©of a screw drive, rack-and-pinion drive, gear
drive, drive mechanism having plastic companents to reduce
intermodulation distortion, drive mechanism carcying sig-
nals 1o said electromechanical phase shifler, and a pulse-
driven motor. :

7 The method of claim 5 further including the sieps of:

oroviding a pulse-driven motor;
causing the motor to displace at least one of the Grst and
second components 10 2 displacement limit position
corresponding (0 2 prcdctcrmincd signal phasing; and

providing a predctermincd number of pulses to Lhe motar
to cause the motor 0 displace at Jeast one of the first
and second components away fom said displacement
limil position by 2 predetermined amount so as o
achieve a predetermined signal phasing.

8. The method of claim 1 further including the siep of
locating said controiler remotely from at least one of said
phase shifters.

9. The method of claim 8 further inctuding the step of
operatively coupling seid cantroller to said at least one phase
shifter with a wireless link.

10, The methad of claim 1 further including the siep of
focking at least one of said phase shifters after beam
elevation has beenl adjusted.
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11. The method defined by claim 1 fusther including the
step of differentially varying signal path lengths in the
associated aay of radiating elements to canse said adjust-
ment of beam elevation.

12. The method of ¢laim 8 wherein said controller cou-
trols at least one of said phase shifters through a telephone
link.

13. The method of claim 1 wherein said controller is a
personal computer, .

14. The method of claim 1 further including the step of
locating said controller at an antenna support structure.

15. The method of claim 1 further including the step of
locating said contraller remotely from an antenna support
struciure,

16. The method of claim 1 further including the step of
adjusting at least one of said phase shifters to produce an
increase in a downtilt angle of the beam or a decrease in a
downtilt angle of the beam, said adjusting performed by said
controller.

17. The method of claim 1 including the step of adjusting
at least one of said phase shifters to produce selccted
different phasing of signals supplied to the associated array
of radiating clements, said adjusting being performed hy
said controller,

18. The method of claim 1 wherein said controller adjusts
by predetermined ameunts phasing of signals supplied to at
least one of said arrays of radiating elements.

" 19. The method of claim 1 wherein said controller mea-
sures a phase value of signals supplied 1o at least selected
radiating elements,

20. The method of claim 1 wherein at least cne of said
phase shifters is included in a signal feed network,

21. The method of claim 5 wherein said first and second
components in at least one of said phase shifters are capaci-
tively coupled.

22. The methed of claim 5 wherein at least one of said
phase shifters is included in a signal feed network, and
wherein the relative displacement between said fisst and
second components adjusts a physical path length of signals
in the signal feed neiwork.

23. The method of claim 22 wherein said first and second
components in at ieast one of said phase shiflers are capaci-
tively coupied.

24. The method of claim 3 wherein the relative displace-
ment between said first and second components in at least
one of said phase shifters adjusts a point of injection of 2
signal into a traosmission line, said transmission line
coupled to at least one of said radiating elements.

25. The method of claim 1 whereir. the step of controiling
at least one of said phase shifters adjusts a phasing of signals
supplied to the associated array of radiating elements by
varying a physical path length of certain of said signals
relative to others of said signals.

26. The melhod of claim 25 {ncluding the step of increas-
ing a length of & physical path of signals to at least one
radiating elemeat while simuitaneously decreasing a length
of a physical path of signals to at least one other radiating
clement, a single phase shifter performing said step of
simultancously effecting said increasing and decreasing of
physical path length.

27. The method of claim 1 further including a signal feed
network having a plurality of phase shifters located at
different nodes in the signal feed network, said phase shifters
adapted to control different groups of the radiating elements,

28. The method of claim 27 wherein at least one pair of
said phase shifters includes first and second components, at
least one of said componenls being movable with respect to
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the other, the method further inchuding the step of mechani-
cally ganging together at least one pair of said phase shifters.

29. The method of claim 28 further including the step of
causing a relative displacement between said first and sec-
ond compooents in one of said pair of phase shifters to
produce a different relative displacement between said first
aiid second components of another of said pair of phase
shefters.

30. The method of claim 1 including the step of coupling
a motor to said phase shifter and supplying drive signals 1o
said motor.

31. The method of claim 30 wherein said motor is a
stepper motor.

32. The method of claim 31 further including the step of
supplying a predetermined mumber of drive pulses to said
motor.

33. The method of claim 30 wherein said motor is located
ot an antenna which includes at least one of said arrays.

34. The method of claim 33 wherein said motor is
mechanically coupled to said phase shifter and drives said
phase shifter.

35. The method of claim 1 wherein the arrays each include
bottom, central and top radiating elements, and wherein he
step of controlling the phase shifter causes opposile polarity
phase adjustments in signals supplied o said bottom and top
radiating elements,

36. The method of claim 35 wherein said opposite polarity
phase adjustments are equal in magnitude. -

37. The method of claim 5 further including the step of
capacitively coupling said first and second components and
translating one of said components relative to the other of
said components.

38. The method of claim 37 further including the step of
telescopically coupling said first and second compoareats.

39. The method of claim 5 further including the step of
causing parallel translatory movement between said first and
second components lo effect said relative displacement.

40. Thie method of claim 1 wherein said coatrolier is a
partable or handheld device,

41. The method of ¢laim 1 further including the step of
controlling phase shifters from a hierarchy of controllers.

42. The method of claim 41 wherein the phase shifter is
an electromechanical phase shifiter, said electromechinical
phase shifter being coupled o said hierarchy of controllers,

43. The method of claim 41 wherein said hierarchy of
controllers includes at least one controller remotely located
from said arrays of radiating elements.

44. A cellular base station telecommunication system
comprising:

a plurality of separalely driven arrays of radiating
elements, said arrays of radiating elements developing
indepecndently controllable beams; and

a like plurality of vadable phase shifters operatively
coupled to said plurality of arrays of radialing elements
and independently adjustable in beam tilt from a com-
men controiler.

45. The system of claim 44 wherein said phase shifters are

each configured to adjust a beam direction.

46. The system of claim 44 wherein said phase shifters are
each configured to adjust a beam downtilt,

47. The system of clain1 44 wherein said phase shifters are
each configured to adjust a phasing of signals supplied te the
associated array of radiating clements in response lo traffic
demands,

48. The system of claim 44 wherein at least one of said
phase shifters has first and second components, at least one
of said comporents being maveable with respect to the
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other, and wherein said controller varies a phasing of signals
supplied to the associated array of the radiating elements by
causing a reiative displacement between said first compo-
nent and said second component.

49. The system of claim 48 wherein said relative displace-
meat is effected by drive devices selected from the group
consisting of a screw drve, rack-and-pinion drive, gear
drive, drive mechanism having plastic compenents to reduce
intermodulation distortion, drive mechanism carrying sig-
nals to said electromechanical phase shifter, and a pulse-
driven motar.

50. The system of claim 44 wherein said controller is
operatively coupled 1o at least one of said phase shifters by
a telephone link.

51, The systerm of claim 44 wherein said controller is
operatively coupled to at least one of said phase shifters by
a wireless link.

%2 The system of claim 51 wherein said wireless link is
a radio link.

53. The system of claim 44 further including 2 phase
shifter lock.

54, The system of claim 44 wherein said controller is a
personal computer. ’

55. The system of claim 44 further iacluding an antenna
support siructure, and wherein said controller is located at
said support structure,

56. The system of claim 44 {urther acluding an antenna
support structure, and wherein said controller is located
remotely from said support structure.

57. The system of claim 44 wherein said controller is
adapted to adjust a phasing of signals supplied to a selected
array of radiating elements so as 10 cause a change in beam
elevation.

58. The system of claim 44 wherein said controller is
adapted to select a predetermined phasing of signals sup-
plied to a selected array of radiating elements,

59, The system of claim 44 wherein said controller is
adapted to change by predetermined amounts a phasing of
signals supplied to a selected array of radiating elemenis.
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60. The system of claim 44 wherein said controller is
adapted to measure a phase value of signals supplied to a
selected array of radiating elements.

61. The system of claim 44 whereir said controller is
adapted to identify a status of a selected beam.

. 62. For use in a cellular base slation telecommunication
system having a plurality of separately driven amays of
radiating elements developing independently controllable
beams, and a like plurality of variable phase shifters opera-
tively coupled to said plurality of arrays of radiating
elements, a control arrangement operatively coupled to said
plurality of phase shifters and configured to independently
adjust the elevation of said plurality of beams.

63. The apparatus of claim 62 further including in said
control arrangement a coatroller located remotely from said
plusality of arrays of radiating elements.

64. The antepna control arrangement of claim 63 wherein
said controller is a perscnal computer.

65. The anteona control arrangement of claim 63 wherein .
said controller is a portable or handheld device,

66. An antenna control arrangement for use in or with a
cellular base station telecommunication system, the control
arrangement comprising a plurality of variable phase shifters
coupled 1o a like plurality of separately driven armrays of
radiating elements, wherein the anlenna control arrangement
independently controls the ¢levation of a piurality of beams
daveloped by said plurality of arrays of radiating elements.

67. The antenna control arrangement of claim 66 further
including a hierarchy of controllers.

68. The antenna control arrangement of claim 66 wherein
phase shifters is electromechanical.

69. The control systemn of claim 67 wherein said hierarchy
of controllers includes a controller located remotely from
said arrays of radiating elements.
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