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I. INTRODUCTION

In any type of electromagnetic measurements, the
ideas of "precision and accuracy" and "low cost"
tend to be mutually exclusive. At Scientific—
Atlanta, for instance, production testing of
antenna products 1is conducted in low cost
miniature “anechoic chambers" which are fabricated
in-house. These "chambers" are actually medium-
sized to large (64-200 cubic feet) rectangular
boxes with absorber attached to their walls., They
are usually equipped with single axis positioners
at one or both ends, and their usefulness is
limited to the measurement of axial ratio on low
gain small antennas.

The errors introduced by the presence of the
walls, the necessarily short range length, and the
impossibility of precision alignment require that
antennas tested in these chambers exhibit measured
characteristics better than their advertised
performance specifications. Only by testing these
antennas to more exacting specifications can we be
sure that antennas that appear to meet their
specifications in the factory will actually meet
their specifications in the field.

There are measurement procedures which compensate
for some of the errors in these measurements such

as three-antenna polarization measurement
techniques and near-field scanning, but these
require precision alignments and/or two axis

positioners. In addition, it is not clear how
large or how good a chamber is required for these
measurement procedures. As a test bed for the
Scientific~Atlanta 2023 Antenna Analyzer Spherical
Near-Field Option, we have fabricated a spherical
near-field range which provides precision antenna
measurements in an office-sized anechoic chamber
which  was constructed by Scientific-Atlanta
personnel.

The small size of the chamber allowed us to locate
it in our production facility. A relatively small
amount of absorber was required, standard
instrumentation and spherical coordinate
positioners were used, and the range as finally
configured offers powerful acquisition, analysis,
and display capabilities. This paper describes
the range configuration and presents the
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measurement results from the spherical near-field
verification undertaken as part of the development
effort on the Scientific~Atlanta Model 2023
antenna analyzer.

IT., FACILITY DESCRIPTION

The spherical near~field range was literally built
in an unused office in the Atlanta Instrumentation
Division's manufacturing facility. A top view of
the range showing the size of the chamber and the
placement of the positioners is shown in Figure 1
below. The absorber was attached to the walls of
the chamber with Velcro® fastening tape so that it
could be removed for manipulating large antennas
in the chamber. The absorber was also attached
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Figure l. Chamber Layout



with Velcro® to flat-surfaced sheet metal covers
made for the positioners, except for a small
amount which was attached directly to the test
positioner covers with contact cement. This was
done where it was anticipated that the absorber
would not be removed unless the covers were also
removed.

The original floor tile in the chamber was also
removed. This left a concrete floor to which were
anchored the test positioner, the gource
positioner, and the theodolite tower. The
stability of the positioners and the theodolite
tower proved to be excellent. The theodolite

maintained 1its level reference for a period of

LLS

three weeks without ad; during
the ¢ Ne ect we removed
the 202 replaced it,

including the Model Source and Model
2185 Synthesizer which mounted on the source
tower. We then acquired near~field data on a
standard gain horn which had been aligned
approximately a month earlier, before the 2023

Antenna Analyzer was replaced. The alignment was
sufficiently stable that we obtained both accurate
patterns for the standard gain horn and accurate
gain comparison data for the two foot dish which
served as our primary pattern standard. This data
is presented in a later section.

The test positioner for the spherical near-field
range consisted of a Scientific—Atlanta Model 5026
polarization positioner mounted on an offset tower
over a Scientific-Atlanta Model 5123 azimuth
positioner. These positioners, while standard
products of Scientific—Atlanta, incorporated some
interesting features. These are detailed in the
paragraphs below.

The 1load capacity of the Model 5123 azimuth
positioner is 20,000 pounds vertical load. The
positioner has a bending moment capacity of 22,500
foot—pounds. The positioner 1is equipped with
Inductosyn® encoders which display its position to
an accuracy of #0.003°, a resolution of 0.0001° on
the Scientific~Atlanta Model 1885 position
indicator included in the 2023 Antenna Analyzer,
and a repeatability of 0.0008°. The positioner
was anchored to the floor with masonry anchors.
It was adjusted by the use of shims under the
mounting pads so that the azimuth axis of the
positioner was vertical with respect to gravity as
measured with a clinometer. The total deviation
from vertical of the azimuth axis following
adjustment was 0° 0' 28",

The load capacity of the Model 5026 polarization
positioner is 1000 pounds vertical load. The
positioner has a bending moment capacity of 600
foot—pounds. The polarization positioner is also
equipped with Inductosyn® encoders. The readout
accuracy and resolution is identical to that of
the azimuth positioner. The offset tower on which
the polarization positioner is mounted is designed
with several offset stations to yield offset
values from 0 to 12 inches. A drawing of the
positioner is shown in Figure 2.
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positioner was designed so that the

axis orthogonality and intersection
easily adjusted without the wuse of
The range axis height is also adjustable
over ‘a limited range of approximately two
inches. The positioner was designed for ease of
alignment by optical procedures [l]. Sheet metal
covers were fabricated for the positioner so that
absorber could be attached to it without bending.

The source positioner for the spherical near-field
range 1is a Scientific-Atlanta Model 5616 high-
accuracy polarization positioner identical to the
roll positioner used on the Model 5752 Compact

Range test positioner. The positioner has a
vertical 1load capacity of 1000 pounds and a
bending moment capacity of 1000 pounds. The

source positioner is equipped with a dual-speed
synchro which permits display of position to an
accuracy of %0.03° with a resolution of 0.001°,

The source positioner is mounted on Scientific-
Atlanta's standard spherical near-field source
tower. The tower makes provision for mounting the
signal source and synthesizer included in the 2023
Antenna Analyzer, along with the RF sharing switch
for the Model 1783 Receiver. The drive for the RF
sharing switch is provided by the receiver through
a 10-conductor slip ring mounted in the source
positioner, In addition, the RF signals are
routed from the signal to the switch or the
spherical near-field probe through a DC-18 GHz
coaxial rotary joint mounted in the center hole of
the slip ring. The positioner is designed to
mount a target mirror for alignment of the source
positioner axis to the range axis. The positioner
mount incorporates manual adjustments for azimuth
and elevation tilt and for horizontal and vertical



translation of the polarization positioner.

The range alignment hardware consists of the
standard Scientific-Atlanta spherical near-field
range alignment kit and theodolite tower, The
theodolite tower is designed to accommodate a Wild
T2 one second reading theodolite telescope. The
theodolite mounts on a translation stage offering
horizontal and vertical translation with a
micrometer readout of position. The tower also
includes a power supply for operation of the
autocollimating theodolite for
illumination without the need for the
supplied with the theodolite.

A  spindle target mirror is used for optical
alignment both of the positioners to the range
axis and of the spherical near-field probe to the
source positioner. 1In addition, for probe pattern
measurements, the spindle target mirror is used to
align the probe under test to the test
positioner. The spindle target mirror includes an
alignment target which ig visible from both sides,
a mirrored surface which is also visible from both
sides, and a mechanism for adjusting the tilt and
translation of the mirror to align it to the
rotation axis on which it is mounted.

For defining the axis of a spherical near-field
probe, a locating bushing is inserted 1in the
aperture of the probe. This bushing is machined
for a precise fit to the i.d. of the spherical
near-field probe which is an open-ended circular
waveguide radiator. A center hole, concentric to
the o.d. of the bushing, fits the precision shaft
to which the mirror is mounted. The mirror is
rotated manually in the probe to optically locate
the probe's axis, then clamped rigidly to the
probe by a clamping handle supplied with the
locating bushing, The entire probe/mirror
assembly can then be rotated without wobble and
aligned to the rotation axis of the positioner on
which it is mounted.

The instrumentation for the spherical near-field
range is a standard Scientific-Atlanta Model 2023
Antenna Analyzer with the Spherical Near-Field
Option. Even though this antenna analyzer 1is
Scientific-Atlanta's high-performance model and is
priced somewhat higher than the low cost Model
2083 Antenna Analyzer, its spherical near-field
capability is what makes possible the
implementation of the precision low cost spherical
near-field range fécility described 1in this
paper. We will now demonstrate that for precision
test requirements the spherical near-field range
we have configured is indeed lower in cost than
other facilities of similar capabilities.

III. FACILITY COST

We can demonstratre the economy of the spherical
near—field range by consideration of the test casge
we used to verify the performance of the spherical
near-field system. This test case was a two foot
reflector antenna designed to operate at Ku-
band. The antenna was fabricated in 1983 as a
standard test object for the improvements to the
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Scientific-Atlanta Model 20224
Spherical Near-Field Option.

measured extensively at that
spherical near-field range and
Compact Range. Its performance characteristics
are well known. The antenna was designed for
mechanical ruggedness so that it could be measured

Antenna Analyzer
The antenna was
time both on a
on a Model 5752

repeatedly on different range facilities as a
final verification of the performance of the
facilities.

The measurements desired for this two foot
reflector antenna (hereinafter referred to as the
AUT) were as follows:

1. Far-field patterns. Both  co-
polarized and cross-polarized cuts
in both of the two principal planes
were desired for this linearly-

polarized antenna.
2. Gain, to be measured by the gain
comparison method.
3. First sidelobe
principal planes
polarized pattern.

both
co-

in
the

levels
for

The measurement frequency for all of these tests
was 13 GHz. This frequency was chosen because we
had extensive data available for the AUT at this
frequency. 1In a real life measurement situation,
data might be required for several frequencies
over the band of operation. The spherical near-—
field measurement system permits acquisition of
data for up to 5 frequencies in a single scan.

It was desired to determine the first sidelobe
levels to an accuracy of 0.5 dB at a -20 dB
pattern level. This specification corresponds to
a desired stray signal level of =45 dB. This is
computed from the peak-to-peak deviation allowed
in the pattern by the following equation [2].

EX El
20 1og10 5 20 10g£2/;g;;—
+ 20 1og10(_l-:_lg ______ Y (2)

where
Ex = amplitude of the extraneous signal,
Epk = peak amplitude for the pattern,

E; = pattern level at which the deviation
is measured, and

A = peak-to-peak deviation in the
pattern amplitude.
The required gain accuracy was 1 dB. The
uncertainty in the gain of the standard was not
included in this specification, since the same
Standard gain horn was to be used as a gain
standard as was wused in the first set of

measurements in 1983,

Obviously a test requirement such as this would
require an antenna range with better accuracy and



more- extensive capabilities than would be possible
in a miniature "anechoic chamber" of the type
described previously. The small spherical near-
field range which we fabricated at Scientific-
Atlanta was capable of carrying out the required
measurements with the required accuracy. To point
out the cost savings this range represents, we
will compare the requirements of the spherical
near-field range with an outdoor range to test
this antenna.

To measure a two foot antenna over Ku-band (up to
18 GHz) would require a range length of 1757
feet. This 1is computed from the standard far-
field criterion,

R = 2 D%/ ) (2)
where
D = diameter of the test antenna and

N = free-space wavelength.

This criterion yields a phase error across the
aperture of the test antenna of 22.5°, This
contributes to the error in the measurement of

gain and sidelobe levels.

The range length of the required far~field range
for testing this antenna is an indication of the
cost of the range. In addition to the land for
the range itself, the major cost factors for the
far~field range would be the cost of the towers, a
building to house the instrumentation, the
positioners, and the source antenna.

The major cost factors for the spherical near-
field range fabricated at Scientific—Atlanta were
the positioners, the absorber, the cost of roonm
space, and the cost of labor to configure the
range. The dinstrumentation would have been
required on a far-field or compact range in any
case, so its cost is not a factor. The Spherical
Near-Field Option of the Model 2023 Anteuna
Analyzer allows us to utilize the capabilities of
the system to make precise antenna measurements in

an inexpensive facility., This 1is the major
advantage of spherical near-field scanning.
Excluding the instrumentation, the entire

spherical near-field range facility was assembled
for approximately $250,000. This figure includes
the cost of the positioners, the absorber, and the
labor and overhead required to configure the
range. The performance we were able to achieve
for this price is documented in the next section.
[V. MEASUREMENT RESULTS

Spherical near-field measurements were taken for
the AUT in both polar and equatorial mount
configurations. These measurements were
transformed to the far field and compared to data
taken with a compact range in 1983 during the
earlier spherical near-field upgrade project. The
results of the pattern comparisons are shown in
Figures 4 and 5 for the two principal planes of
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the antenna and for the co-polarized and cross-—
polarized components. The comparisons presented

are for polar mount measurements. The comparison
is very nearly the same for equatorial mount
measurements.

As the figures illustrate, the comparison between
the spherical near-field transformed data and the
compact range data is very good. The maximum
occurs for the left-hand first sidelobe of the H-
plane co-polarized pattern. The total deviation
is 0.8 dB, which corresponds to a stray signal
level of =47 dB. The actual accuracy may be
better than indicated by this comparison since
longitudinal pattern comparisons taken in the
compact range demonstrated variations on this same
order. Both the set of spherical near-field
patterns taken in 1983 and the current set fall
within the envelope of the compact range
longitudinal pattern comparisons.

The gain of the AUT as measured by the spherical
near-field gain comparison method was 33.66 dB.
The gain measured for the AUT in 1983 by compact
range and spherical near-field gain comparison
techniques ranged from 33.82-33.87 dB with an
estimated uncertainty of +0.56 dB. Thus, the
current gain measurements, which would contain
approximately the same uncertainty, fall well
within the uncertainty window for the measurements
made in 1983,

V. CONCLUSIONS

We have built at Scientific-Atlanta a low cost
spherical near-field range which is capable of
precision antenna measurements on antennas of less
than 150 wavelengths electrical size. The total
cost  of the facility independent of the
instrumentation was approximately $250,000. The
range 1is capable of measuring antenna patterns
with an uncertainty equivalent to a stray signal
level of ~47 dB. The range can be used to measure
gain, polarization by a three-antenna method,
directivity, radiation intensity, and most other
common antenna measurement parameters. Spherical
near-field scanning makes the performance of this
low cost range possible, and this measurement
technique is implemented in the Scientific-Atlanta

Model 2023 Antenna Analyzer Spherical Near-Field

Option.
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Figure 3. H-plane co—polarized pattern comparison
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Figure 4. H-plane cross-polarized pattern comparison
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E-plane co-polarized pattern comparison

Figure 5.

E-plane cross-polarized pattern comparison

Figure 6.
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