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ABSTRACT

Performance data taken on three candidate telemetry tracking antennas which employ
significantly different beam scanning principles are presented. Measurements of antenna
feed-induced phase noise were made at S-Band and compared.

INTRODUCTION

More uses of telemetry tracking antennas are contemplated with the deployment of the
Global Position Satellite Network, scheduled to be completed in 1988. Reception of
translated GPS signals reveals new constraints on present day telemetry antennas not
considered during their conceptual design. Since this new application involves range and
velocity measurements of cooperating long range missiles, the addition of frequency shift
and phase noise cannot be tolerated. Although the ideal candidate for GPS signal reception
and tracking is the narrow-band amplitude three-channel monopulse antenna, cost effective
telemetry tracking systems utilize only one receiver per polarization channel and employ
either a wide-band single-channel monopulse feed or a very wide-band conically nutating
type feed.

This paper describes testing techniques used, and reports on the results obtained, from
measuring the phase noise from single-channel monopulse and conical scanning type feeds.
Measurements were made at a frequency of 2232.5 MHz utilizing an interferometer
receiving instrument having a noise floor of less than 4 degrees. The results verify that by
their nature, all single-channel monopulse feeds induce phase noise at their scan rate with a
magnitude proportional to the angle that the source is off boresight. The tests further reveal
that not all conical scan type feeds are alike, and that the notating offset air-dielectric
circular waveguide horn type feed induces no measurable phase noise or doppler shift.



BACKGROUND

The conical scanning principle involves rotating an antenna beam about its tracking axis by
utilizing mechanical methods. The single-channel monopulse principle involves
sequentially offsetting the antenna beam on two orthogonal tracking axes utilizing
electronic methods.

The first successful conically scanning antennas were developed by the Radiation
Laboratory of MIT in the early 1940’s. A fixed feed with rotating offset reflector was
developed for the BAT Missile (a homing glide bomb used successfully at the end of
World War II.

A rotating offset dipole feed with a fixed reflector was developed for the SCR-584 Fire
Control Radar Antennas that were deployed throughout the world at the close of World
War II and later replaced by the NIKE Series of Monopulse Fire Control System. Early in
1953 the offset circular waveguide horn with stationary dipole and rotary joint was
developed at the Army Facility in Fort Monmouth for fire control radar purposes.

To answer the need for long-range telemetry tracking requirements in the late 1950’s,
many obsolete fire control radar pedestals were fitted with conical scanning antennas
operated in the L-band frequency spectrum. Later, the bandwidth was extended to S-band
and the newer nutating feeds incorporated dual-polarization capability. During this era all
feeds required either single or dual channel coaxial rotary joints. As the need for rotary
jointless nutating feeds (nonrotating polarization) arose, Fort Monmouth personnel
conceived and Radiation, Inc. (now Harris Corp.) , developed the single-channel
monopulse feed in the mid-1960’s . This feed was productized by several companies,
notably Scientific-Atlanta and Canoga Electronics (later Tasker Whittaker) . Shortly
thereafter in the early 1970’s, Radtec, Inc. (later EMP, Inc.) developed the jointless
RADSCAN nutator (Reference 1) , then Symetrics Engineering Corporation developed the
jointless rotating lens nutator.

The RADSCAN nutator utilizes a hollow shaft AC motor to drive an offset circular
waveguide horn supported by two bearings. The Symetrics feed utilized a belt and pulley-
driven nonsymmetrical dielectric lens to nutate the beam.( It should be noted that the
overhaul cycle of the RADSCAN feed now exceeds 24,000 hours compared to the 100 to
200 hours for the Symetrics feed.)

Although lighter in weight and not utilizing moving parts (but less reliable electronically) ,
the life of the single-channel monopulse feed also exceeds 12 years. The single-channel
monopulse technique utilizes a three-channel phase monopulse antenna feed principle and
a device called a scan converter. A simplified schematic diagram of the scan converter is



shown in Figure 1. The azimuth and elevation error channels are sampled sequentially.
Each sample signal is phase-shifted between 0 and 180E at a fixed or variable rate by
driving diodes to the state of conduction in accordance with the timing diagram shown,
then added to the sum channel signal through a coupler. The result is a sum channel carrier
amplitude-modulated with the error information. Note that all amplitude monopulse feeds
utilize circuitry identical to an interferometer. Any tilt of the wavefront reflected from the
dish, or any phase delay in the error channels with respect to the sum channel, will alter
the phase of the composite signal when the two signals are vectorially combined. Because
of the required rf phase coherency, it is difficult to wide-band this type of feed, and
impossible to maintain zero phase differential across the band. In order to achieve current
bandwidths, yet maintain decent error slopes, the phase differential is allowed to vary as
much as ±20 degrees.

Other drawbacks of single-channel monopulse feeds are degraded low angle tracking
caused by high effective sidelobes, inherent high tracking axis crosstalk, and boresight axis
shift with frequency. A three-channel monopulse feed is designed with low sidelobes in
both the sum and difference channels: however, the tracking receiver sees the output of the
scan converter which generates a composite pattern by vectorially combining the sum and
difference patterns. It is the resulting sidelobes of this pattern that degrade the low-angle
tracking performance. Note that this sidelobe is nonsymmetrical; it only appears on the
side of the pattern that the beam is squinted.

TEST PROGRAM

Only three dual-channel circularly-polarized antenna specimens were available for the
phase noise measurements: a 12-foot diameter reflector with the 15-inch diameter
Symetrics feed having a scan rate of 21 Hz (Model 515, Serial Number 102), a 4-foot
diameter reflector with the 7.5-inch diameter RADSCAN type feed, having a scan rate of
29 Hz, and a 4-foot diameter reflector utilizing an EMP single-axis single-channel
monopulse S-band feed having a 10-inch long by 4-inch wide ground plane. The scan
converter employed a 12 dB coupler. The switching rate was reduced from 500 Hz to
10 Hz for recording purposes.

The interferometer measuring device shown in the block diagram of Figure 2 consisted of
two Microdyne Model 1200 MRA(01) Mainframe Receivers, each fitted with a Model
1215-VT(A) S-band Tuner, and a Model 1251-D Phase Demodulator. The rf source was a
Microdyne Model 7100-SS(A) Signal Generator. The source antenna utilized was a linear
calibrated horn and a 14 turn left-hand polarized S-band helix antenna.



The reference receiving antenna was a 15 dB linear horn mounted on a screwdriven track
which provided the means for phase calibrating the measuring system. (Note that at the
test frequency of 2232.5 MHz, a wave length is only 5.29-inches long.)

As shown in Figure 2, only the reference receiver was operated with the phase loop closed
by selecting the AFC/APC mode of operation for the second L.O. The video and AM
outputs of the slaved receiver were recorded on a two channel pen recorder running with a
paper speed of up to 100 mm/sec. Both receivers use the same first and second local
oscillators and were operated with a second IF bandwidth of 300 kHz, a video bandwidth
of 100 kHz, and an AGC time constant of 100 milliseconds. The phase noise floor of the
receiver system was measured to be less than 4 degrees peak-to-peak. No phase drift was
discernable over a 10 minute time interval.

Three measurements were made on each test specimen:

1. The doppler shift occurring while the scanning antennas came up to speed.

2. The residual amount of phase noise when the source antenna was aligned with the
tracking antenna’s boresight axis.

3. The amount of phase noise induced as the source antenna was moved across the
tracking acquisition angle of the test specimen.

All final measurements were made during the week of 4 August 1986 on a pattern range
60 feet in length.

TEST RESULTS

1. Of the three specimens tested, only the Symetrics antenna had any measurable phase
shift while accelerating from standstill to full speed. No doppler shift was detected,
the measured phase shift was 12 degrees. Unfortunately the tape records of this test
were too lengthy to include in this report; however, segments of each run are shown
in Figure 3A and 3B for the RADSCAN antenna and Symetrics antenna, respectively.
Left Hand Circular Polarization was used and a maximum error signal (AM) was set
for these test runs. It is worthy to note the absence of second harmonics in the
RADSCAN induced AM signal.

2. Only the Symetrics antenna had any measurable phase noise on the boresight axis.
Figure 4 shows the waveform of the residual phase noise and AM which are
predominantly the second harmonic of the scan frequency. The residual phase noise
measured 27 degrees peak-to-peak for a LHCP source, and about 20 degrees peak-to-



peak for a vertically polarized linear source. The recordings of Figures 5A and 5B
show that the residual phase noise remains essentially constant as the reference
antenna is moved across the acquisition angle of the antenna. The fact that the
amplitude of the AM and associated phase noise did not increase linearly from
boresight may be attributed to the short antenna range employed. The residual phase
noise is attributed to the rotating nonsymmetrical rexolite dielectric lens of the
Symetrics scanner.  The rexolite lens tapers in thickness from 2.8 inches to .68 inch
over the angle subtended by the reflector and surrounds the stationary crossed
dipoles. This taper delays the rf wavefront impinging on the dipoles thus squinting the
antenna beam approximately 1 degree. At the test frequency, the differential phase
shift across the lens is estimated to exceed 145 degrees peak. The high frequency
components in both the AM and video signal, shown in Figures 3 and 4, are probably
due to the epoxy used to bond the 1/2-inch thick rexolite slabs that form the blank
from which the lens was machined.

3. The technique used to conduct the third test differed with each specimen. The
monopulse antenna was rotated ±10 degrees about its tracking axis, the Symetrics
antenna was fixed and the source antenna moved horizontally. The RADSCAN
antenna was also stationary as the source antenna wa s moved  vertically
±10 degrees. In all cases, the reference antenna was stationary and linearly polarized.

It should be noted that, in each of the tests, a radial displacement between the specimen
and source antennas occurred. This displacement caused the rf phase to vary, resulting in
the ramp waveform of the DC component shown in Figures 5 and 6. Further, when the
differential phase shift between the reference and specimen antennas exceeded ±180
degrees, the video output of the slave receiver’s phase detector passed through a
singularity point. This 360 degree step not only serves to calibrate the recording, but also
serves to indicate a cycle of doppler frequency shift. For instance, if several cycles of a
saw-tooth type waveform were generated during the recording of test number 1 (Figure 3),
the number of 360 degree transitions counted would equal the magnitude of the doppler
frequency shift.

The test 3 recordings for the Symetrics antenna are shown in Figures 4A and 4B. Only the
central portion of the recording between the two maximum AM displacement points is
valid because the source antenna was oriented past the first tracking antenna null beyond
these points. As previously stated, the recordings indicate that the phase noise is relatively
constant with antenna displacement from boresight.

Figure 6A is the recording of the AM and phase noise versus boresight angle for the
RADSCAN antenna. No attempt was made to completely null out the AM error signal for
this test. A close examination of the original recording shows no phase noise at the scan



frequency or its harmonics. It was concluded that the noise recorded was the baseline
noise of the receiver (less than 4 degrees peak-to-peak).

The recording of Figure 6B is for the single-channel monopulse antenna and clearly shows
that there is little phase noise at boresight, but that phase noise, like the AM error signal,
increases with a boresight error. The two transitions at each end of this recording occur
when the first sidelobes are reached. The area in between is the tracking acquisition range
of the antenna. Note that the angle tracking loop servo attempts to null out the AM error
signal. But no matter how tight the loop, there always exists a slight amount of AM error,
and for this type feed, a slight amount of phase noise at the scan rate.

CONCLUSION

The test results clearly verify that, although perfectly adequate for telemetry tracking,
phase noise was experienced during recent reception of translated CPS signals via the
antennas fitted with Symetrics feeds. The data also show that, although all conical nutators
employ the same principle, they are implemented using different techniques. Clearly the
RADSCAN antenna outperforms the Symetric antenna in every parameter, primarily
because RADSCAN employs an open ended waveguide which has a uniform phase front
across its aperture. It can be concluded that the RADSCAN antenna produces no phase
noise even if a large tracking bias exists. If the single-channel monopulse antenna is used
for reception of translated CPS signals, it must be phased at 1574.4 MHz or the translated
S-band frequency, and all bias must be adjusted out of the tracking loop servos.
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FIGURE 1
SINGLE-CHANNEL MONOPULSE SCAN CONVERTER



FIGURE 2
BLOCK DIAGRAM - INTERFEROMETER MEASURING DEVICE



FIGURE 3A.  RADSCAN FEED ACCELERATION TEST

FIGURE 3B.  SYMETRICS FEED ACCELERATION TEST



FIGURE 4A.  SYMETRICS ANTENNA BORESIGHT AXIS NOISE (TEST 2)

FIGURE 4B.  SYMETRICS ANTENNA BORESIGHT AXIS NOISE (FROM SEGMENT OF TEST 3)



FIGURE 5A.  SYMETRICS ANTENNA DISPLACEMENT TEST (LINEAR POLARIZATION)

FIGURE 5B.  SYMETRICS ANTENNA DISPLACEMENT TEST (LH CIRCULAR POLARIZATION)



FIGURE 6A.  RADSCAN ANTENNA DISPLACEMENT TEST

FIGURE 6B.  SINGLE-CHANNEL MONOPULSE ANTENNA DISPLACEMENT TEST


