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ABSTRACT

An 8-element prototype telemetry tracking array has been designed and constructed. The
design of the various system components will be reviewed, emphasizing those
requirements unique to telemetry.

INTRODUCTION

In the past, telemetry tracking at Pacific Missile Test Center (PACMISTESTCEN) has
been accomplished by large ground based dishes or small mechanically steered antennas
incorporated into airborne instrumentation packages. However, certain requirements, such
as simultaneous multiple target tracking and rapid beam slewing, call for the use of phased
arrays instead of traditional antenna types. There are currently several on going programs
at PACMISTESTCEN dealing with phased arrays. This paper will describe the design of
an 8-element prototype phased array constructed as part of an in-house program to test the
feasibility of using phased arrays for telemetry reception in the 2.2 to 2.3 GHz band.

SYSTEM OVERVIEW

As shown in Figure 1, the system is composed of the following sub-units: the element
array, low noise amplifiers, phase shifters, power combiners, digital interface board, and
the microcomputer. Each of these is discussed in detail below.

ELEMENT ARRAY

The element array (Figure 2) is a linear array of 8 circular microstrip radiators spaced
every 6.67 cm (1/2 wavelength at 2250 MHz.) It is constructed on 1/8" thick RT Duroid
5870 material, with 1 oz. copper cladding. The elements were designed using Carver’s
algorithm.(l) Each element has a radius of 23.95 mm and two orthogonal feeds (for
polarization diversity) at a radius of 8.38 mm. Note that the feeds are oriented at



45 degrees to the array axis. This is to ensure that mutual coupling effects are identical for
the two polarization diversity beams. The impedance bandwidth of the elements for a
3:1 VSWR is about 90 MHz. The elements have a half power beamwidth of about 130
degrees in the scan plane and 95 degrees in the orthogonal plane, with a gain of about 2 dB
with respect to isotropic linear polarization (this figure takes into account the polarization
mismatch due to the 45 degree orientation of the element feeds.) The two polarization
signal paths, denoted by channel A and channel B, are separately processed by redundant
hardware until they are finally combined in the diversity receiver.

AMPLIFIERS

The Low Noise Amplifiers (LNA’s) were purchased from a commercial vendor. They
measure 7.62 cm x 3.56 cm x 1.65 cm. Figure 3 shows the amplifiers mounted in the
phased array chassis. The amplifiers have a nominal gain of 24.5 dB and a maximum noise
figure across the band of 1.7 dB. The amplifiers are phase matched to within 5 degrees and
amplitude matched to within .5 dB of each other over the band. The power required for
each is 12 volts @ 60 mA.

PHASE SHIFTERS

The phase shifters were also purchased from a commercial source. They consist of three
hybrid couplers cascaded together. One of the couplers has the normal output arms
terminated with PIN diodes for the 180 degree bit. The other two are terminated by
varactors driven by the output of a D/A converter. The sum of these two provides the
remaining phase shift from 0 to 180 degrees in 1.4 degree increments. The phase shifters
accept 8-bit serial control words, and each phase shifter can be strobed to accept its new
input independently of the others. This may be important in reducing unwanted modulation
of the signal when moving the antenna beam by strobing the phase shifters sequentially
rather than simultaneously. The phase shifters exhibit amplitude variations of plus or minus
1.5 dB over all phase states and the frequency band. They show a rather nonlinear phase
shift versus control word characteristic, which has been compensated for in software via a
lookup table. The maximum phase error after lookup is 10 degrees.

POWER COMBINER

The power combiners were designed in a 3 layer stripline medium using offset, parallel-
coupled, hybrid couplers (Figure 4.) The required dimensions of the lines were determined
from the equations of Shelton.(2) The coupling values were chosen to achieve Chebyshev
amplitude weighting across the face of the array in order to reduce the sidelobe levels. The
differential phase delay through any path of the power combiner is less than 10 degrees
over the band.



DIGITAL INTERFACE BOARD

The digital interface board, shown in Figure 5, is designed to plug into the mother board of
an S-100 (IEEE-696) computer. The board performs three main functions. First, it clocks
out serial phase command data to the phase shifters. Second, it allows the computer to
strobe the new data into each phase shifter individually. Finally, it converts dual channel
receiver AGC signals from analog to digital form, allowing the computer to monitor signal
levels and close the control loop for automatic acquisition and tracking.

RECEIVER

The receiver used during testing of the prototype phased array is a laboratory model
capable of polarization diversity combining and adjustable AGC time constant. The AGC
voltages from both channels are available for inputs to the digital interface board of the
phased array.

MICROCOMPUTER

The microcomputer used to control the array is a generic S-100 (IEEE-696) Z-80 based
machine. The programming was done in a mixture of Pascal and assembly language. There
are three modes of operation of the array: Manual, Acquisition, and Track.

In Manual mode, the operator simply keys in the desired beam position and the computer
steers the array to that position. The computer then waits for further operator input.

During Acquisition mode, the beam is rapidly stepped through its steering limits in user-
definable steps. An AGC measurement is performed at each beam position and the
position of maximum signal is updated. After the final beam position has been sampled, a
check is made to see if the maximum signal level encountered during the sweep was above
a pre-defined threshold. If so, control passes to the Track algorithm, with the maximum
signal position passed along as the starting position. If the test failed, however, the
Acquisition procedure is repeated.

Once in Track mode, the software uses a simple dithering technique to stay locked on the
target. The beam is stepped to the left and right of its starting position, again in a user-
definable increment. If the signal level (as determined from the receiver AGC level) is
greater at either of these positions, it becomes the new starting position. The level is also
tested against the threshold value, returning control to Acquisition if no useful signal is
being received. Using a 6 MHz Z-80 microcomputer, a tracking slew rate of about 13
degrees per second can be achieved, when the dithering increment is set to 5 degrees. The 



slew rate increases as the dithering increment is increased, since there are fewer beam
positions between the scan limits.

During program execution, the status of the system is constantly displayed on the
operator’s console. The beam position is shown both numerically and graphically. Mode of
operation, current signal level, and all user definable parameters such as the dithering
increment are also displayed. The system constantly scans the keyboard for user input,
allowing mode or parameter changes at any time.

Future Work on the Array

The prototype is currently undergoing testing to determine feasibility for use in telemetry
tracking. There is a great deal of interest in determining the effect of using a phased array
on data quality for various modulation methods used under real-world conditions. Also, we
will attempt to find optimal values for the various tracking parameters and choose the best
of several competing tracking schemes.
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Figure 1.  Phased Array Block Diagram








