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ABSTRACT

A dual-beam, single-axis, tracking antenna capable of receiving and tracking telemetry
data from an instrumented airborne vehicle is described. The dual-beam, single-axis,
tracking antenna system consists of both a high-gain and a low-gain antenna positioned by
the same antenna pedestal/servo electronics. Automatic switching between the high-gain
and the low-gain antennas, based on received signal strength, permits tracking from
maximum range (using the high-gain antenna) to close-in nearly overhead passes (using the
low-gain antenna) by exploiting the wide-beam characteristics of the low-gain antenna
when space losses are at a minimum. The wide beamwidth of the low-gain antenna permits
its use as an acquisition aid for the high-gain antenna during initial acquisition, while its
wide beamwidth also precludes locking on to a side lobe. The use of only one tracking axis
rather than two reduces cost and improves reliability.

INTRODUCTION

For most flight testing of telemetry instrumented vehicles it is desirable to be able to track
and receive data from the vehicle from take-off or launch point (which may be close to the
tracker) to maximum range, and also to track and receive data from the vehicle at
maximum altitude during overhead passes. Conventional single antenna, single-axis,
tracking systems are not capable of doing this because nulls in the tracking antenna pattern
can cause loss of track and loss of data.

The majority of mission requirements can be satisfied with a six-foot diameter tracking
antenna at L-band. A six-foot pencil beam antenna, however, has a half-power beamwidth
of approximately 7 degrees and the first null is about 9 degrees from the peak of the beam.
If the 1 dB point of the antenna beam were on the horizon then the vehicle would be in a
null at an elevation angle of about 11 degrees; indeed, because of the steep slope of the



radiation pattern an unacceptable carrier-to-noise ratio (C/N) would be experienced at an
elevation angle of about 9 degrees.

Close-in operation using a single-axis system can be improved by the use of a cosecant
squared elevation pattern which shapes the beam to increase gain at high elevation angles.
This apparent advantage of a cosecant squared elevation pattern is largely negated by a
reduction in peak antenna gain of 3 to 4 dB due to pattern shaping. In addition cosecant
squared coverage is only realistically obtainable to an elevation of about 40 degrees so that
close-in operation and overhead passes cannot be accommodated by the use of a cosecant
squared antenna.

This paper describes an azimuth only telemetry tracking antenna with a narrow-beam and a
broad-beam mode of operation. The narrow-beam antenna is used for tracking the vehicle
at long ranges and the broad-beam antenna is used fro tracking the vehicle in close
including near overhead passes, The broad-beam antenna, with an acquisition angle of
nearly 70 degrees (acqusition within ±35 degrees of boresight axis) also serves as an
acquisition aid for the high-gain antenna. The system automatically switches between the
low-gain and high-gain antenna based on received signal strength.

DUAL MODE SINGLE AXIS TRACKING ANTENNA

Figure 1 is a photograph of the EMP Model LTS-06C Telemetry Tracking Antenna in the
dual-beam configuration. The high-gain antenna is a six-foot reflector focal-point fed by a
radome-enclosed stripline single-channel monopulse feed. In back of this feed is an
equipment enclosure which houses polarization hybrids, comparators, scan converter,
bandpass filter, preamplifier, and switches for switching between the high-gain and low-
gain antennas. At the rear of the enclosure is the low-gain 4-element stripline single-
channel monopulse dipole array also enclosed in a radome. The high-gain antenna has a
minimum gain of 25 dBic and a minimum beamwidth of 7 degrees from 1435 to 1535
MHz. The low-gain antenna has a minimum gain of 12 dBic, a minimum azimuth
beamwidth of 20 degrees, and a minimum elevation beamwidth of 80 degrees in the same
frequency range. The high-gain antenna is tilted upward approximately 2 degrees so that
the 1 dB point of the pencil beam is on the horizon. When the control unit is turned on the
system automatically selects the low-gain antenna since acquisition is usually made at
close-in ranges. The acquisition angle of the low-gain antenna is approximately 70 degrees
so that side lobe lock-on is precluded. When the vehicle is going away from the tracker the
system will automatically switch to the high-gain antenna at a carrier-to-noise ratio of
50 dB. When the vehicle is coming in towards the target in the high-gain mode the system
will switch back to the low-gain antenna at a carrier-to-noise ratio of 30 dB. This 20 dB
hysteresis precludes unnecessary switching between the high and low-gain antennas.



The pedestal has a velocity capability of 20 degrees per second and an acceleration
capability of 50 degrees per second squared. On a near overhead pass while the azimuthal
velocity and acceleration of the vehicle may greatly exceed that of the pedestal, the
antenna can lag the vehicle by as much as 35 degrees without losing track. Therefore the
probability of loss of track on near overhead passes is greatly minimized.

The LTS-06C system can also be configured to operate from 1435 to 2300 MHz. With this
configuration the system can track either aircraft or missiles or could initially track an
aircraft and then switch over to a launched missile.

RANGE CAPABILITIES

The maximum range of a tracking antenna is dependent on many parameters such as
transmitter power, transmitter antenna gain, receiver bandwidth etc. Figure 2 is a block
diagram of an airborne tracking mission with the applicable definitions and equations.
Figure 3 is a computer plot of range versus effective isotropic radiated power (EIRP) as a
function of receiver predetection bandwidth. Although over-the-horizon tracking is
generally possible, this plot is based on line of sight considerations. The receiving antenna
gain used is 24 dBic to correspond to the high-gain antenna being elevated so that the 1 dB
point is on the horizon. The ranges calculated allow for a multipath fade margin of 10 dB
which is conservative for tracking over land but may be marginal for tracking over water.
This plot also assumes that the airborne vehicle has a linearly polarized antenna while the
receiving antenna is circularly polarized. The preamplifier noise figure used is 2.5 dB
(noise temperature = 226 degrees K) which allows for the use of a low cost bi-polar
amplifier. Should more range be required a GaAsFET preamplifier with a noise figure of
less than 1.5 dB (120 degrees K) could be used. A loss of 8 dB between the preamplifier
and receiver is assumed to allow for an adequate distance between the tracking system and
control site. Even with these conservative parameters, the plots indicate that the maximum
line-of-sight range of the Model LTS-06C utilizing a receiver bandwidth of 1 MHz
exceeds 200 miles for a 10 watt radiated power.

TYPICAL MISSION

While the mission requirements vary for various telemetry applications of tracking aircraft
and helicopters a typical mission could be considered to be a maximum range of 150 miles
with a maximum altitude of 25,000 feet.

Figure 4 is a computer plot of the range versus altitude for constant field intensity radiation
patterns of the high-gain and low-gain antenna. The antenna is tilted so that the 1 dB point
of the high-gain antenna pattern is on the horizon. The earth’s curvature and slant range
are accounted for in plotting the constant field intensity radiation patterns. While the



antenna tilt was selected to optimize coverage for a flight profile of 150 miles range at
25,000 feet altitude it is noted that good coverage is provided for altitudes well in excess
of 25,000 feet. As an example if an aircraft flew at 40,000 feet from the maximum range to
directly overhead the received signal strength would always be greater than the signal
strength received at minimum altitude maximum range for line of sight with the exception
of approximately a 5 degree sector centered at about an 8 degree elevation angle. In this
sector the received signal is only down about 1 dB so that good data reception would be
experienced even at 40,000 feet.

The elevation of the antenna can be manually adjusted through a range of ±5 degrees so
that the system is capable of being optimized for a variety of mission requirements.

CONCLUSION

Because of the dual-beam feature of the system presented herein the majority of airborne
tracking and telemetry mission requirements can be satisfied without the necessity of
employing a tracking elevation axis. The cost of the antenna pedestal/servo control system
is reduced by a factor of two and reliability is improved by a factor of two. Since manual
elevation adjustment is provided this system can easily be tailored to a variety of different
mission applications. This system also is far superior in tracking near overhead passes than
a conventional single-antenna-beam two-axis tracking system. This is because the system
described in this paper is tracking near overhead passes with a wide-beam antenna having
an acquisition angle of approximately 70 degrees, consequently the tracked vehicle can
greatly exceed the dynamics of the tracking system. Providing that the tracked vehicle
does not lead the tracker by more than 35 degrees the system will successfully track the
near-overhead pass. The acquisition angle of a single beam 6-foot diameter two-axis
tracking system is approximately 14 degrees. Therefore the two axis system would lose
track in a near overhead pass when the aircraft led the tracker by 7 degrees.

The dual beam single axis tracking approach can be applied to almost any tracking mission
by varying the gain in both the high-gain and low-gain antenna to optimize performance
over a specific flight profile. To date high-gain antennas have been built with 4, 6, and 8
feet diameters and the low-gain acquisition antennas have been built using two element
and four element arrays.
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FIGURE 1   EMP MODEL LTS-06C TELEMETRY TRACKING ANTENNA







FIGURE 4  RANGE VERSUS ALTITUDE




