EFFICIENT ANTENNA TESTING USING CURRENT ANTENNA TEST SYSTEMS

A. Reneé Koster
Rodolfo Munoz

Scientific-Atlanta, Inc.
Electronic Systems Division
3845 Pleasantdale Road
Atlanta, Georgia 30340

ABSTRACT

Accurate, fast, and cost effective antenna test
equipment is necessary to meet many programs’ mea-
surement requirements and schedule and budget con-
straints. Testing time may be significantly reduced by
measuring multiple channels of data simultaneously.
Further time savings are realized via the electronic
storage of data, which allows easy pattern overlays and
changes in the page setup parameters. Electronic
storage of data also allows the user to accurately
ascertain test parameters. Test data for a dual band,
multi-channel antenna measured with the Scientific-
Atlanta 1590 Pattern Recorder and multi-channel 1795
Microwave Receiver is presented. This antenna has
transmit and receive ports, multiple polarization capa-
bility, data and tracking channel outputs, and multiple
frequency bands. The substantial savings in testing
costs are estimated.
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1. INTRODUCTION

Past papers'? have emphasized data acquisition
time per point as one of the key parameters in optimiz-
ing measurement system throughput. Averaging time
required to achieve the necessary dynamic range was
highlighted as a key consideration. These consider-
ations are appropriate when testing a known antenna in
a production type environment. However, for a far
field test of a first article antenna, other considerations
become more important in the performance versus cost
trade-off analysis performed for choosing a measure-
ment system. This occurs in part because of the many
evaluations of measurement results during testing. The
total test time must be considered including mounting
and dismounting of antenna, measurement time, mea-

surement evaluation, report preparation, etc.

For a first article test or a limited production run,
an automated measurement system is often too expen-
sive to justify the sometimes slight time savings. How-
ever, in many cases, the ability to measure multiple
channels of data simultaneously could provide signifi-
cant time savings at a much lower cost than a fully
automated measurement system. Similarly the ability to
electronically store, retrieve, analyze, and manipulate
data provides significant time savings. Thus, in this
situation a need has developed for test equipment more
advanced than the completely manual systems of the
past and less expensive than the completely automated
systems of today.’ The advantages of expanded system
capability are well known in an automated system, but
these capabilities will be shown to also significantly
reduce testing time in a manual measurement system.

2. ANTENNA DESCRIPTION

Typical of the complex antennas being developed
to meet today’s many communication challenges is a
dual band, multi-channel antenna recently designed and
tested by Scientific-Atlanta. The 11-meter Cassegrain
antenna has dual shaped optics designed to optimize
transmit, data, and tracking channel performance at X-
band and Ku-band. The integrated feed includes a
central wide band corrugated horn. The central horn
feeds a tracking coupler which passes the X- and Ku-
band data and transmit channels and generates the Ku-
band tracking signal. Four tracking horns surround the
central horn and generate the X-band tracking signals as
shown in Figure 1. Each band includes selectable
right-hand circular (RHC) and left-hand circular (LHC)
polarization for transmit, data, and tracking channels.
Thus there are a total of 4 transmit channels, 4 data
channels, and 4 tracking channels to be tested in this
antenna.
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3. TESTING REQUIREMENTS

Many parameters were measured as part of the
first article testing. The test parameters included
radiation patterns for all channels as well as gain and
axial ratio for the data and transmit channels. The
performance of the antenna was to be evaluated after
each measurement to look for any areas of non-compli-
ance. The measurement requirements are summarized
in Table 1.

Table 1 - Dual Band Antenna Test Requirements

Number of Measurements

Data Transmit  Tracking
Channel Channel  Channel
X-Band
Patterns
+180° 12 12 12
+10° 12 12 N/A
+4° 12 12 12
Gain 6 6 N/A
Axial Ratio 6 6 N/A
Ku-Band
Patterns
+180° 12 12 12
+10° 12 12 N/A
+4° 12 12 12
Gain 6 6 N/A
Axial Ratio 6 6 N/A

4. TEST SYSTEM

A test system well suited to this type of testing can
be constructed based on the Scientific-Atlanta 1590
Pattern Recorder and the multi-channel 1795 Micro-
wave Receiver. This measurement system provides a
number of features needed to perform efficient first
article testing of complex antennas.

4.1 MULTI-CHANNEL MEASUREMENTS

The 1590 Pattern Recorder is uniquely designed to
take full advantage of the multi-channel measurement
capability of the 1795 Microwave Receiver. The
pattern recorder can make multi-channel measurements
while interfacing with the 1795 in one of three modes:
1. Up to five channels of amplitude data. 2. Up to five
channels of phase data. 3. One channel of amplitude
and phase data. In the case being considered, the
multi-channel capability of the 1795 Microwave Receiv-
er allows the number of individual measurements to be

reduced by approximately one third.

This multi-channel capability aliows the measure-
ment of sum and delta channels simuitaneously. While
offsets may be applied to zero the measurement in
amplitude, phase, and/or position, the use of the 1590
Pattern Recorder assures absolute correlation of data of
the two channels since the raw measured data is always
stored in memory. Figure 2 shows a representative
pattern with sum and difference channel measurements
made simultaneously. The multi-channel capability of
the 1795 Microwave Receiver also allows the simulta-
neous measurement of various polarization characteris-
tics. For example, for a system with dual RHC and
LHC polarization, axial ratio measurements using a
spinning linear polarization could be made for both
polarizations simultaneously. The user always has the
capability of temporarily turning off the display of any
of the measurements to view the detail of a single
measurement.

The overall savings in number of measurements
during the testing of the antenna achieved by measuring
the data and tracking channels simultaneously is sum-
marized in Table 2. Note that the transmit channel
could not be measured simultaneously because it
operates over a different portion of the frequency band.

Table 2 - Multi-Channel Measurement Savings

Number of Pattern Measurements Required

Single Channel Multi-Channel

X-Band

+180° 36 24

+10° 24 24

+5° 36 24
Ku-Band

+180° 36 24

+10° 24 24

+5° 36 24

4.2 ZOOM CAPABILITY

A second, often time consuming, measurement
requirement is the desire to measure patterns at the
same frequency but to present the patterns on different
scales, both amplitude and position. Typical scales
desired for pattern presentation of antennas with narrow
beamwidths might include the following:

* 4180 degrees, 80 dB
* 410 degrees, 80 dB
* 44 degrees, 80 dB
* 41 degrees, 40 dB
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The wide span patterns show far out side lobe
structure, while the narrow span patterns show
beamwidth, null depth, and side lobe level detail near
the main beam. On many manual systems, these four
presentations of the pattern would require four individu-
al measurements. Using the 1590 Pattern Recorder and
the preset zooms, which are configured in the Zoom
Setup Screen shown in Figure 3, the user need only
make the + 180 degree measurement. The data can be
presented on the other scales with the touch of button.
The multi-channel data presented in Figure 2 on a +4
degree scale is shown in Figure 4 on a +1 degree
scale. Note, that the scale need not be symmetric,
Amplitude, phase, and position limits are completely
user defined.

The measurement savings using the zoom features
during the testing are summarized in Table 3.

Table 3 - Pattern Measurement Savings
Using Zoom Feature

Number of Measurements
Multi-Channel  Multi-Channel

without Zoom with Zoom
X-Band 72 24

Ku-Band 72 24

4.3 OTHER TIME SAVING FEATURES

Other time saving features of the 1590 Pattern
Recorder do not reduce the number of measurements
required, but do reduce pattern evaluation time. Since
the measurement evaluation time is often a significant
portion of the total test time in first article testing, this
time savings may be as important as that in the actual
measurement time. These time saving features include
the following:

1. Calculation of user defined beamwidths relative to
the peak of the beam.

2. Accurate determination of side lobe levels and null
depth via the use of local maximum and minimum
marker functions.

3. Pattern overlays with side lobe envelope require-
ments, theoretical patterns, or other user specified
information.

4. Pattern comparisons including different channels,
frequencies, and polarizations.

Figure 5 shows a sample side lobe envelope
comparison, while Figure 6 displays the comparison of
patterns at multiple frequencies.

Other time saving features include automated file
naming functions, easy export of data for analysis by

other programs, simplified gain measurements, and user
customized plots.

Ease of use is an important measurement system
consideration. The 1590 Pattern Recorder includes
operation by touch screen or mouse. The interface is
menu-driven and graphically oriented with push buttons,
entry fields, radio buttons, and list boxes replacing
complex keyboard commands.

CONCLUSION

In many testing applications, the high cost of a
completely automated test system may not be Jjustified.
However, the number of individual measurements can
be greatly reduced through the use of simultaneous
multiple channel measurements and electronic storage
and manipulation of data. These capabilities are
available on the more advanced manual measurement
systems. Such systems also provide improved analysis
functions. Thus such a manual measurement system
can significantly reduce the time required to perform
the measurements, evaluate the measurement results,
and prepare required reports, all at a significantly
reduced cost compared to a fully automated measure-
ment system.

In the case of this first article antenna, testing with
a standard single channel chart recorder would require
a total of 192 radiation pattern measurements. Testing
using the multi-channel 1795 Microwave Receiver with
the electronic storage capability of the 1590 Pattern
Recorder reduced the total number of pattern measure-
ments to 48 while also providing enhanced data analysis
capabilities at a fraction of the cost of a fully automated
test system.
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Figure 1 - Dual-Band Feed Configuration
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Figure 2 - Multi-channel Data and Tracking Channel Measurement
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Relative Power (dB)
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Figure 3 - Zoom Setup Screen 08269
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Figure 4 - Zoomed View of Multi-Channel Measurement
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Figure 5 - Side Lobe Envelope
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Figure 6 - Multi-frequency Pattern Comparison
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