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“MINITRACKER”
A PORTABLE S-BAND AUTOTRACK ANTENNA

Leonard J. Skach
Senior Research Engineer

Oklahoma State University Electronics Laboratory
Stillwater, Oklahoma

ABSTRACT:

The “Minitracker” is designed to be a highly portable S-Band autotrack antenna system, to
be used to receive telemetry data from sounding rockets launched at remote launch sites
when fixed-site telemetry trackers are not available. “Minitracker” uses a single channel
mono-pulse RF feed with a four foot parabolic reflector. The tracker can be disassembled
into small subassemblies and packed in plastic cases which can easily be shipped by
commercial air freight. The controls consist of a 8 3/4" (22.225 cm) X 19" (48.26 cm) X
19" (48.26 cm) control console and an S-Band Receiver. The OSU “TRADAT” system
can be used with “Minitracker” to provide trajectory data.

This report will consist of a “Minitracker” system description which will include systems
performance specifications and simplified circuit descriptions. The operation procedures
section will consist primarily of aids in autotrack acquisition of target vehicles, and a brief
description of information available when used in conjunction with the OSU built
“TRADAT” system.

INTRODUCTION:

The Electronics Lab at Oklahoma State University had its origin in 1947 with the early V2
rocket programs. Our earliest endeavor was to modify, maintain, and operate the early
CFS radar triangular system at Holloman Air Development Center/White Sands Missile
Range, White Sands, New Mexico.

In the 1950’s and 60’s we began our autotracking antenna work with the modification of
an AN/GMD-2 Rawinsonde system. This system, however, was very difficult to transport
to remote areas in support of the sounding rocket program. Although it provided adequate
support, during the following years we realized the need for a portable system which could
be shipped to, and assembled at, remote launch sites around the world, and operated by a
single crew member if necessary.



Secondary to our efforts with the GMD-2 tracker was the purchase of a 6 ft (1.83 meter)
autotracking antenna from Scientific Atlanta, Inc., in the 1970’s. This system too suffered
from lack of portability, especially to areas overseas. This tracker could be termed the
“Big Brother” to our present system, which we have appropriately called “Minitracker.”

SYSTEM ANALYSIS:

The “Minitracker” is basically a modification of the WR100-2 Enterprise Electronics
pedestal and servo amp assembly. This skeleton form is repackaged to provide the
portable system. (See Figure 1.) The control console for the Minitracker is designed by our
lab to meet the requirements of the sounding rocket programs we are involved in.

The Minitracker pedestal is basically an elevation over azimuth design. Housed in the
pedestal are the Azimuth and Elevation power amps to drive the Az & El motors. (See
Figure 2.) Each power amp receives its drive signal from error signals, either developed in
the autotrack mode or from manual drive from the control console. The drive signal is
combined with a tach feedback from the motors to set the maximum slew rate of the
tracker. The tach feedback is adjustable on the servo preamp and is accessable through a
door on the pedestal. The servo gain in the autotrack mode is adjustable at the control
console.

The door of the pedestal includes connectors for the control cable, the power cable, RF
and Cal cables, and Ranging cable. It also provides brake release switches to allow the
tracker to be manually positioned from outside when an operator is not available at the
console. A “disable” switch on the door also provides a method of preventing the tracker
from being moved by a console operator when someone is working on the pedestal. Both
the brake release switches and the disable switch give indications of their position on the
control console, to prevent their being left in the non-operate mode inadvertently.

The power amp and servo preamp are located in the lower portion of the riser and are
easily removable through the bottom of the riser can to facilitate repairs. Also included on
the power amp assembly is a heater and heater control for temperature control in cold
climate areas. The heater control incorporates a zero crossing switch to prevent transient
interference from heater turn-on from interfering with the RF being received by the tracker.
The DC supplies which provide voltage for the power amps and the drive motors are also
located in the lower portion of the pedestal. These supplies are dual 40V supplies to
provide the + and - voltages necessary for the pedestal.

In the upper portion of the pedestal are the limit switches, gear train, DC drive motor and
position indicating synchro for the azimuth section of the tracker. The gear train provides a
612-to-l reduction from the drive motor to the azimuth ring. The motors are 112 watt



printed circuit type with integral tachometer feedback. The synchros used to provide
position information are size 18 type, and are coupled to the azimuth main gear by anti-
backlash gears. Rotation of the pedestal is limited in the azimuth plane to ± 300 degrees by
limit switches which prevent travel in the CCW or CW direction past ± 300 , but allow
reverse rotation. Power is applied to the drive motors whenever the console is in the
autotrack, manual, or slave mode. At this time the motor brake is also released, to allow
the motor to rotate to position the tracker. The drive signal from the power amp to the
motors is disabled by relay control and the brake is engaged on the motor when the
console is in the standby position . Brake override in any position, as well as complete
tracker drive disable, can be accomplished (as previously mentioned) by switches on the
pedestal door.

Located in the elevation section of the tracker pedestal is the elevation drive motor and
gear assembly. It is housed in one of the side cans of the elevation section. It’s operation is
much the same as the azimuth drive section except for the limit switch assembly, which
allows for only -3 to +183E rotation in the elevation plane Travel beyond 90E elevation is
necessary only for tracker setup and normal operation is 0 to 90E . A rubber bumper pad is
also used to stop the elevation travel after the limits have been hit during high slew speeds.
A heater assembly, similar to that already mentioned, is also incorporated in the motor side
can. These heater control units provide indications of safe temperature operating
conditions in each section of the pedestal, through LED’s located on the control console.

The other side can which makes up the elevation section houses the counterbalance spring
assembly. A substantial saving in weight is realized by using this design in lieu of
counterbalance weights.

In the top of the elevation assembly is a circular bubble level, to provide an indication of
mechanical level during tracker setup. The level is viewed through a plexiglas window in
the elevation head. The screw jack adjustable legs on the pedestal provide a means of
mechanically leveling the tracker after it has been assembled in the field. All the bolts for
the pedestal main assembly are the same size and are captive to their particular section.
This results in one wrench assembly of the pedestal, and prevents loss of assembly bolts.

The tracker dish is a 4' parabolic reflector with an 18" focal length. It provides a 3 db
beamwidth of 8E, an autotrack acquisition beamwidth of 14E, and a gain of 26 db at
S-Band frequencies. It is a two section dish, to provide more convenience in shipping.

The feed assembly is mounted by four arms which extend to the edges of the dish and
provide the proper position alignment to place the feed antenna elements at the dish focal
point. The feed itself consists of five crossed-dipole S-Band antennas, a monopulse
converter, a preamp, a power supply, an Operate/Cal relay, a temperature sensing device,



and a heater. (See Figure 3.) The connections inside the feed which tie the antenna
elements to the monopulse converter are all made with .141" diameter semi-rigid coax.
The antenna array is coupled to the monopulse converter so as to produce left-hand
circular polarization. This is done because the RF from a right-hand circular polarized
source, when reflected from the dish, results in left-hand circular polarization at the feed.
This requires that the antenna on the rocket appear right-hand circularly polarized. (The
feed can be modified for receiving signals from left hand circularly polarized antennas by
changing the antenna connections to the monopulse converter.) The antennas in the feed
are located such that the two vertical crossed dipoles in the array provide error signals for
the elevation electronics and the two horizontal crossed dipoles provide error signals for
the azimuth electronics. The center crossed dipole in the array is the “Sum” antenna, and is
the antenna through which the prime RF is received.

Within the monopulse converter is the phase control circuitry which provides the necessary
circular polarization and the antenna sampling, to develop the error signals. (See Figure 4.)
First the horizontal and vertical component of each of the five crossed dipoles is converted
to left hand circular polarization by five 90E hybrids. This is accomplished by feeding the
horizontal element directly through the hybrid and then combining it with the vertical
element which has been delayed by 90E in the hybrid. At this point the azimuth and
elevation pair outputs are subtracted from each other in the two 180E hybrids. These
outputs are the Az difference and the El difference signals. These difference signals are
sampled with a pin diode SPDT switch, at a rate of about 1000 BPS. Each Az & El signal
pair sampled by the switch is reversed in phase at 500 BPS rate in a 0E/180E modulator.
The error signals thus derived are then alternately added to or subtracted from the sum
channel, due to phase reversals caused by the phase modulator. This summation is done in
an in phase combiner, resulting in an error-signal modulated RF signal. The AM modulated
RF signal is then sent back to the Telemetry receiver which separates the AM error signals
from the RF signal. The error signals are then demodulated in the tracker console, using
the same scan rates used to control the monopulse converter, and fed to the Azimuth and
Elevation error signal amplifiers to drive the motors which provide positioning for the Az
and El sections of the pedestal. The technique of providing the error signals in this manner
eliminates spin-generated AM interference because the error signals are derived by
sampling a pair of antennas rather than scanning from one antenna to the other. The
monopulse code rate is set at 1000 BPS, which is far higher than any rocket spin-generated
AM interference. To further reduce the interference, the scan rate can be swept to provide
a constantly varying sample rate.

The preamp in the feed is a low-noise type preamp and effectively sets the noise figure for
the system, plus providing the gain necessary to overcome the losses in the long coax line
from the pedestal to the tracker console and receiver.



A coax relay in the feed provides a means of checking the system threshold by switching
to a “calibrate” position. This switching is controlled by the operator at the control
console, and by use of a calibrated signal generator, AGC calibrations of the RF link and
also station threshold can be checked.

The heater and heater control unit in the feed provide a means of keeping the feed warm in
cold weather environments. The heater control is the same as mentioned previously, using
a zero-crossing switch to prevent heater turn-on transients from affecting the RF link.

The control console used with the pedestal is a 8 3/4" high, 19" deep and 19" wide. (See
Figure 5.) It is connected to the pedestal through two (2) 100' Control/Power cables and
two (2) RF coaxial cables. (Three if the Ranging antenna option is used.) The 100' RF
cable is superflexible coax, while the cal cable is a 100' RG-8 coaxial cable with a
measured attenuation at S-Band. The RF cable is connected to the control console where
the RF is again amplified in an S-Band premp and fed to a four-port multicoupler for use
with up to four different receivers. The preamp provides ample gain to overcome the losses
in the four-port multicoupler. After passing through the multicoupler, the RF is fed to an S-
Band telemetry receiver capable of providing the necessary demodulation of the FM
telemetry link and also the AM error signals. The video out of the receiver, or the FM
modulation from the telemetry link is fed to the FM discriminators or PCM decoms to
extract the scientific data. The AM out of the receiver is fed back to the control console to
be used in providing correction voltages for the autotracking system.

The front panel of the control console contains the system power and heater control
switches, the Az/El digital readouts, Az/El digital offset switches, Az/El error signal
meters, receiver AGC meter, Az & El control switches for standby, manual, autotrack, and
slave modes of operation, control switching for the “operate” and “cal” mode for the RF
feed, Az normal/Az reverse switching to invert the Az error signals during tracker setup
when the El position is rotated past the 90E point, feed preamp on/off switch, gain and
balance controls for the Az and El electronics, up/down and cw/ccw limit indicators, and
Az sector indicators. The standby manual, autotrack, and slave switches for Az and El are
connected in such a way that, in the event of a power failure, the tracker is automatically
placed in the “standby” mode. All the switches are backlighted. The switches for normal
autotrack mode are all green. Non-operate switches are coded with red lenses, and
optional operation switches such as manual control and standby are coded with yellow
lenses.

The Az and El displays display the Az & El angles to the nearest .01E. The digital offset
switches provide a means of offsetting the displays to align the tracker for readings
referenced to true north. Display offsetting is accomplished by taking the BCD coded
output of the synchro-to-digital angle indicators and adding to it the offset switch settings



in a BCD adder/subtractor. In the event the BCD output of the synchro-to-BCD angle
indicator, when summed with the offset switch setting, is over 359.99E, 360E is subtracted
from the reading such that the front panel display on the tracker always reads angles of 0
to 360E.

On the back panel of the control console are the various connectors for the system. (See
Figure 6.) They include the control and power cable connectors for the control of the
pedestal, the Az and El BCD outputs for interfacing the tracker with a ranging system
computer or line printer, the slave input and output connectors, the four-port multicoupler
input and outputs, BNC connectors for receiver AM input and AGC input to the console,
BNC output connectors for monitoring or recording the Az/El error signals and the sine
and cosine of the El angle, plus a BNC connector for hooking up a sound-powered phone
to allow communication from the console to the pedestal. Also on the back panel are the
fuses for individual sections of the system, namely: console, pedestal, heaters, and the
auxiliary AC. The auxiliary AC on the back of the console can be used for the receiver
power. The AC outlets on the back are controlled by the same On/Off power switch on the
front of the console which controls the console itself.

Inside the control console on the upper deck are the Azimuth and Elevation synchro-to-
BCD angle indicators. These provide BCD outputs corresponding to the position of the
synchros in the pedestal. These BCD outputs are fed to adder/subtractor cards located on
the bottom deck, where they are summed with the offset switch settings and then directed
to the Az/El displays on the front panel of the console; the front panel readouts thereby
read the corrected Az and El angles.

On the lower deck in the console are located the various tracker monitor cards and
electronics which provides the control voltages and necessary synchronizing signals to
extract the error signals from the receiver AM. (See Figure 7.) These cards include
demodulator cards for Azimuth and Elevation, a scan code generator card to provide
synchronized drive signals to the monopulse converter in the feed and the demodulators in
the console, a sine/cosine converter card to provide the cosine of the elevation angle for
secant correction of the Azimuth gain, a gain divider which divides the azimuth error
signal by the cosine of the elevation angle to provide gain correction of the azimuth error
based on the elevation angle, a card to provide 60 Hz switching for the demodulators when
the tracker is used in the slave mode, and the heater monitor card which provides
information to the front panel temperature LED monitors for all the heaters in the pedestal.
Also on the lower deck are all the power supplies necessary for operation of the console.
The supplies include a 28V supply, a +15 and -15 volt supply, and two 5 volt supplies.

Minitracker has a maximum slew speed of 30E/second, a maximum acceleration of 100E
/sec2 , and a tracking accuracy of better than 0.1E. The pedestal drive system has a servo



bandwidth of 1 Hz and a natural resonance frequency of 7 Hz. The tracker is designed to
track RF sources whose frequency lies in the range of 2200 -2300 MHz. The antenna has a
gain at S-Band of 26 db, a 3 db beamwidth of 8E, autotrack acquisition beamwidth of 14E,
and sidelobes which are 10 db down and extend only 1 db above a continuously
decreasing antenna pattern. Polarization of the antenna system is right-hand circular (can
be converted to left hand circular in the feed), with a 2 db axial ratio. The preamp in the
feed has a 3.5 db noise figure and the VSWR for the system is better than 1.5:1. The
antenna characteristic impedance is 50 ohms. Insertion loss due to the monopulse
converter for the Sum channel is 1 db, and the converter has a difference channel isolation
of better than 42 db. Sum to difference channel combining is done through a 6 db
directional coupler in the monopulse converter. The antenna array is a five element crossed
dipole design, mounted at the focal point of the dish. Calibration of the system is done
through a console-controlled, feed-mounted coaxial switch. The parabolic reflector is a 4
foot dish with an 18" focal length and quadrapod mounts for the feed assembly. The
Minitracker overall height is 77" (52" to the Elevation axis) with a circular base diameter
of the tripod legs of 92". The pedestal can be broken down into smaller assemblies for
shipping, with the largest section weighing less than 300 pounds. Construction of all major
portions of the pedestal is aluminum with stainless steel hardware.

The tracker can be operated in any region where 115V AC power of at least 15 amps is
available. Operation specs in terms of temperature environment are -40EC to +60EC. The
tracker is designed to operate in desert as well as tropical regions, with winds of up to 40
MPH without tiedowns, or up to 100 MPH with tiedowns.

The entire tracker including all cabling, receiver, console, and pedestal can be packaged
for shipment in seven (7) boxes with a total shipping weight of just under 700 pounds.
Total volume for the seven boxes is 48.7 Cu. feet.

Field setup of the tracker involves mechanically leveling the pedestal with the aid of the
bubble level in the elevation section. If accurate Az and El angles are required, the system
is first balanced electrically at the control console and the autotrack gain is set to provide
the required volts/degree of error signal by autotracking a stationary RF source. By
slewing off the source 1E in azimuth or elevation and monitoring the error signal at the
control console, the gain can be set for the correct reading by the gain adjust pot on the
front panel of the console. After setting the balance and gain and leveling the tracker
manually, the next step is to align the mechanical axis of the tracker with the electrical axis
in the autotrack mode. This is accomplished by launching an S-Band source with a small
weather balloon and autotracking the source with the tracker. At such time as the source is
sufficiently far away to eliminate parallax (over 1 mile), we observe the balloon sonde with
a 3-9X scope mounted on the rotating axis of the tracker and align the crosshairs on the
source. After this has been done, we do a sighting on Polaris at a time for which we have



calculated its correct position. After the crosshairs of the scope have been lined up on
Polaris, we place the tracker in the standby position and offset the displays in Az and El to
read the correct Polaris position. The tracker is now aligned to give Az and El angles
referenced to true North and local horizontal. To track sounding rockets from liftoff, it is
advisable to have the tracker positioned at least a mile from the launch site with line of
sight to the launcher. Generally this is not possible, as most operations are conducted from
a blockhouse which is fairly close to the launchers. In this case, to acquire autotrack during
the flight, the tracker is pointed at a predetermined position to catch the rocket within the
first 15 seconds of its flight. The tracker is maintained in the standby position until the
predetermined time, or until the error signal meters indicate proper error signals for
autotrack. At that time we acquire autotrack in the elevation plane and then in azimuth.
This is done because at the high elevation angles used during launch (generally 80 - 85E )
the elevation error signals are easier to observe than the secant corrected Azimuth signals.
It is, therefore, easier to catch the rocket first in the elevation plane as it flies through the
look angle of the tracker, and then in azimuth.

The Minitracker, when used in conjunction with the OSU developed Tradat
microprocessor-controlled ranging system, can provide time related azimuth, elevation,
and range data. This data, when processed by the Tradat ranging system, can supply the
user with altitude, ground range, latitude and longitude coordinates of the rocket during
flight, and even reference the data to other points (such as a radar tracking system or the
launcher). The time, slant range, and Az and El data are also formatted as a PCM data
stream which can be recorded on magnetic tape for further data reduction and analysis
later.

Development of the Minitracker was sponsored by the Air Force Geophysical Laboratories
of Hanscom AFG, Massachusetts, under DOD contract F19628-75C-0084. Credit should
also be given to Enterprise Electronics, Scientific Atlanta, and Vectronics Microwave for
their contribution to various sections of the Minitracker.

Basically, the Minitracker developed and built by the Electronics Laboratory of Oklahoma
State University, is a highly portable autotracking antenna system designed for support of
the sounding rocket program. It developed out of a need for a shippable autotracking
antenna system for use in remote areas around the world. It has filled its purpose well over
the past several years and indeed has a bright future as it becomes adaptable to other areas
of research.



FIGURE 1.  MINITRACKER PEDESTAL

FIGURE 2.  MINITRACKER PEDESTAL SIMPLIFIED SCHEMATIC



FIGURE 3.  MINITRACKER RF FEED SIMPLIFIED SCHEMATIC

FIGURE 4.  MINITRACKER MONOPULSE CONVERTER



FIGURE 5.  CONTROL CONSOLE FRONT VIEW

FIGURE 6.  CONTROL CONSOLE REAR VIEW

FIGURE 7.  CONTROL CONSOLE ELECTRONICS


