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(57) ABSTRACT

The present invention is an auto tracking antenna platform
upon which multiple antenna elements can be mounted to
track a common moving object. The antenna tracking plat-
form generally comprises a bottom pedestal enclosing a
rotary azimuth actuator for controlled -rotary motion about
the single vertical (z) axis, and an upper multi -tier frame-
work housing a horizontal antenna -mounting beam pivotally
supported for rotation about a horizontal (x) axis, and a drive
assembly for direct -drive rotation of the antenna -mounting
bar. Antenna elements are mounted along the horizontal
mounting bar and the feeds routed through the azimuth
actuator. This enables the use of fiber optic rotary joints or
slip rings to pass data and video, instead of RE (waveguide)
rotary joints which are required to pass high power RE
signals.

10 Claims, 6 Drawing Sheets
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mount the antenna system on the ground or in the bed of a
truck without a load bearing floor, and readily swap between
wide angle, short range and high gain directional antenna
elements depending on the operation without a need to
change components other than the antennas and their asso-
ciated radios. The present inventors herein provide an auto
tracking antenna solution that allows counterbalancing of
the antennas) about their rotating axis with their associated
transmitter, receiver, or transceiver in order to minimize
torque such that no additional counter weights are required,
and the motors do not have to be sized sufficiently large to
produce sufficient holding torque to hold the antenna off the
rotating joint without being counterbalanced. By placing the
RF-power producing transmitters above the rotating joint,
the need for expensive RE rotary joints which can pass a
high powered RE signal is removed, and inexpensive slip
rings can be used to pass the fundamental data through the
rotational coupling up to the radios.

SUMMARY OF THE INVENTION

It is, therefore, an object of the present invention to
provide an auto-tracking antenna platform capable of being
continuously rotated through 360° in azimuth and 220° in
elevation to give hemispherical coverage above, slightly
below, and around the ground station. The tracking station
also uses a horizontal antenna mounting beam that allows
customers to swap in their own antenna elements and radios
from multiple vendors, allowing simultaneous use of mul-
tiple wide angle, short range, and high gain directional
antenna elements depending on the operation without a need
to change components other than the antennas.

It is another object to provide an auto-tracking antenna
platform that allows counterbalancing of the antennas) in
order to minimize torque, thereby minimizing both the need
for additional counter weights and system cost by enabling
the use of less expensive components, and reducing the size
of the antenna system for convenient use on the ground or
in the bed of a truck without a load bearing floor.
The present inventors herein provide an auto tracking

antenna solution upon which multiple antennas can be
mounted to track a common object. The platform is capable
of continuous rotation in azimuth and vertically +/-110
degrees (for a total of 220 degrees of rotation about the
horizontal axis) in elevation. The antenna tracking platform
generally comprises a stationary bottom pedestal enclosing
a rotary azimuth actuator for controlled-rotary motion about
the single vertical (z) axis, and a multi-tier support frame-
work rotatably supported on the pedestal. The support
framework defines a first tier including a horizontal antenna-
mounting bar pivotally supported for rotation about a hori-
zontal (x) axis, and a second tier comprising a drive assem-
bly for direct-drive rotation of the antenna-mounting bar.
Antenna elements are mounted along the horizontal mount-
ing bar and the antenna feeds are routed through the azimuth
actuator, which comprises a motor rotating a hollow shaft
bearing through which the RE antenna feeds are carried.
This enables the use of one hybrid fiber optic rotary joint or
hybrid slip ring assembly instead of a set of stacked RE
(waveguide) rotary joints. (The term, ̀ hybrid' refers to the
assembly of power and signal passing electrical components
in one device) Fiber optic rotary joints and slip rings are both
an order of magnitude cheaper and lighter than RE rotary
joints and enable continuous rotation. Slip rings are the
cheaper of the two, and do not require signal-to-fiber con-
verters on the upper and lower side of the rotary joint,
making them the least expensive option as a component for

_€,

construction of the tracking antenna. Fiber optic rotary joints
may be substituted for the slip rings by the manufacturer if
it becomes technically desirable, for example with
extremely high data rate signals.

5 The design disclosed herein also allows counterbalancing
of the antenna elements to compensate for the weight of the
antennas, which allows for smaller azimuth and elevation
motors to be used. Moreover, the antennas are mounted on
a rotating horizontal bar which maintains them all in close

10 proximity to the axis of rotation when rotating through
elevation. This minimizes the inertial moment for the eleva-
tion motor, and allows it to be small, inexpensive and low
power. It also minimizes the necessary counterbalance
weight.

15 The platform tracks moving objects using the object's
GPS coordinates and the GPS coordinates of the antenna.
The auto tracking antenna updates its aiming position at a 30
Hz frequency (or 30 times per second). The design of the
antenna platform allows it to be light weight (under 100 lbs),

20 low power (runs on a single conventional 120 VAC, 15 amp
power supply), quickly reconfigurable to support different
antennas (lengths, types, and number), open interface, and
relatively low cost.

25 BRIEF DESCRIPTION OF THE DRAWINGS

Additional aspects of the present invention will become
evident upon reviewing the embodiments described in the
specification and the claims taken in conjunction with the

30 accompanying figures, wherein like numerals designate like
elements, and wherein:
FIG. 1 is a perspective view of an antenna mounting

platform 2 according to an embodiment of the invention.
FIG. 2 is a front view of the antenna mounting platform

35 2 of FIG. 1
FIG. 3 is a side view of the antenna mounting platform 2

of FIGS. 1-2.
FIG. 4 is an enlarged illustration of the rotary actuator

assembly 29 used in the antenna mounting platform 2 of
40 FIGS. 1-3.

FIG. 5 is a composite perspective view (A), front view
(B), and side cross-section (C) of the antenna mounting
bracket 70, which holds both the antenna and its correspond-
ing transmitter or receiver at a chosen location on the

45 antenna-mounting beam 9.
FIG. 6 is a perspective view of an example antenna, in this

case a Yagi-Una antenna, with its corresponding attached
transmitter, both attached to the antenna mounting bracket
70.

50

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The present invention is an improved rotating antenna
55 mounting platform for mounting multiple antennas for con-

tinuous rotation in azimuth and vertically +/-110 degrees in
elevation, all to track a common object.
FIG. 1 is a perspective view of an antenna mounting

platform 2 according to an embodiment of the invention,
6o FIG. 2 is a front view, and FIG. 3 is a side view. With

combined reference to FIGS. 1-3, the antenna mounting
platform 2 generally comprises a stationary bottom pedestal
4 enclosing a rotary actuator assembly 29, and a multi-tier
framework 6 rotatably supported on the pedestal 4 for

65 continuous rotation about a vertical (z) axis. The multi-tier
framework 6 supports a horizontal antenna-mounting beam
9, which is a hollow tubular member that protrudes on both
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from becoming twisted about the lower pedestal 4 as the
upper frame 6 is rotated, thereby enabling continuous rota-
tion about the azimuth axis. Fiber optic rotary joints are
small and relatively inexpensive at $1K for one data chan-
nel. Slip rings pass power as well through the same rota-
tional coupling. All -slip ring assemblies pass data and power
through slip rings mounted in one rotational coupling, which
can cost half the price of a fiber optic rotary joint, but which
have limitations of higher signal noise and lower data rates
than fiber optic rotary joints, and so there are cases in which
FOR7s are required.

The two motors 30, 31 are driven by an external computer
controller 80 running software which calculates an aiming
solution from the target's GPS coordinates and the antenna's
GPS coordinates. A variety of aiming software solutions are
well-known.

FIG. 5 shows an exemplary antenna mounting bracket 70
each suitable for counter -balanced mounting of one the of
antenna elements 50-1 ... n including its associated antenna
receiver and transmitter on the rotating beam 9. Antenna
mounting bracket 70 generally comprises a symmetrical
block 71 defined by a central through -hole 72, and upper and
lower mounting flanges 74 extending from the block 71. An
antenna and its associated receiver may be axed to mount-
ing flanges 74. Preferably, the central through -hole 72 of
block 71 is provided with one or more coaxial ribs 76a, 76b
running along the interior wall, e.g., at 0 and 90 degrees.
Rib(s) 76a, 76b are dimensioned to fit within corresponding
slots (see FIG. 1) running along the rotating beam 9 for
keying the antenna mounting brackets to a fixed angular
orientation. Alternatively, rib(s) 76a, 76b may be replaced
by slots and the rotating beam 9 equipped with ribs to
accomplish the same. Although FIG. 5 shows two key
ribs/slots 76a, 76b, only one of these is needed for a
particular antenna to ensure that all antennae along the
rotating beam 9 are aligned to point in the same direction,
and will not slip on the rotating beam 9 when it is rotated in
the process of tracking a UAV as it moves.

To illustrate the foregoing, FIG. 6 shows an example setup
in which a Yagi-Una antenna and its associated radio com-
ponent are attached to the antenna mounting bracket 70 of
FIG. 5.

One skilled in the art will readily understand that other
configurations of antenna mounting brackets 70 may since,
the critical design criteria being that each antenna mounting
bracket 70 secures both an antenna and its associated
receiver on opposing sides of the rotating beam 9 in a
manner which causes one to counterbalance the other. The
result is net additional moment of inertia such that the net
torque at the center of rod (9) about the x-axis is zero.

One skilled in the art should now understand that the
above -described system is an improvement over conven-
tional tracking platforms because its horizontal antenna
mounting beam allows customers to swap in their own
antenna elements and radios from multiple vendors without
changing other antenna components, allows counterbalanc-
ing of the antenna(s) in order to minimize torque enabling
the use of smaller, cheaper motors, and eliminates the need
for additional counter weights. This, in turn, allows use of
fiber-optic rotary joints or slip ring assemblies to pass data
and video through the rotational coupling (in lieu of more
expensive RF rotary joints), and reduces the size of the

8
antenna system for convenient use on the ground or in the
bed of a truck without a load bearing floor, or on a standard
roof without needing additional structural support.

It should be understood that various changes may be made
5 in the form, details, arrangement, and selection of the

components. Such changes do not depart from the scope of
the invention which comprises the matter shown and
described herein and set forth in the appended claims.

The invention claimed is:
10 1. An antenna tracking platform, comprising:

a stationary bottom pedestal enclosing a rotary actuator
assembly, said rotary actuator assembly further com-
prising an azimuth motor having a shaft and a pinion
gear mounted on said shaft, said pinion gear engaging

15 a peripheral gear encircling a hollow rotary stage
constrained within a stationary base axed to a top of
said stationary bottom pedestal;

a support framework rotatably supported on the rotary
stage for controlled -rotary motion about a single (z)

20 axis, the support framework defining two tiers;
a horizontal antenna -mounting beam comprising a hollow

tubular member rotatably supported in one of said two
tiers of said support framework and protruding on both
sides of the stationary bottom pedestal, an antenna -

25 mounting beam having a first gear configured for
controlled -rotary motion about a single (x) axis;

a stepper -motor mounted in another tier of said support
framework for direct drive of said antenna -mounting
beam, said stepper motor having a shaft and a second

30 gear mounted on said stepper motor shaft and engaging
and driving the first gear of said antenna -mounting
beam.

2. The antenna tracking platform according to claim 1,
wherein said support framework comprises an upper plate

35 member, lower plate member and center plate member.
3. The antenna tracking platform according to claim 2,

wherein said support framework comprises a plurality of
spacer -struts for securing said upper plate member, lower
plate member and center plate member together.

40 4. The antenna tracking platform according to claim 2,
wherein said center plate member is defined by a central
aperture for allowing engagement of the first gear and
second gear there through.

5. The antenna tracking platform according to claim 1,
45 wherein said stepper motor has a step angle within a range

of from 1-2 degrees.
6. The antenna tracking platform according to claim 1,

said antenna -mounting beam is rotatably supported within a
lower tier by a pair of bearings.

50 7• The antenna tracking platform according to claim 6,
said pair of bearings comprise pillow block bearings.

8. The antenna tracking platform according to claim 1,
wherein said stepper motor extends a shaft through a spur
gear into a pillow block bearing.

55 9. The antenna tracking platform according to claim 1,
wherein said support framework is rotatably mounted to said
stationary bottom pedestal by a fiber optic rotary joint
(FORT).

10. The antenna tracking platform according to claim 1,
60 wherein said support framework is rotatably mounted to said

stationary bottom pedestal by a slip ring assembly.
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