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ABSTRACT
The effects of non-systematic receiver
instrumentation errors on precision antenna
measurements are investigated. A simple

uncertainty model relating dynamic range to random
perturbation effects on amplitude measurements is
proposed. Examples of measurement uncertainty
versus both input level and measurement speed are
presented using data taken on modern measurement
receivers. Data are compared with the model to
estimate measurement uncertainty at various pattern
levels and acquisition speeds. Equivalent dynamic
range specifications are deduced from the measured
data.
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1. INTRODUCTION

Measurements on modern low sidelobe phased array
antennas place increasing demands on antenna test
methods and instruments. Sidelobe levels 50 dB or
more below the beam peak are often encountered.
Accurate and rapid characterization of these types
of antennas is vital due to the interactive nature
of adjusting them for optimum performance. An
assessment of the uncertainties and inaccuracies
attributable to the measurement receiver and their
contribution to overall error budgets is essential
for specifying the measurement systems for these
applications.

When performing error analyses, the antenna
metrologist establishes bounds of uncertainty for

the instrumentation's operating conditions. These
conditions include  input level, operating
frequency, and acquisition speed (number of
samples}). This study provides a simple model and

measured data on modern measurement receivers for
determining these bounds. Comparative data are
used to associate amplitude measurement
uncertainties across a wide dynamic range at many
acquisition speeds.

2. CONCEPTS AND PERSPECTIVE
A fundamental concept in metrology is the uncoupled

nature of measurement uncertainty and accuracy. A
highly accurate instrument, that is one which

produces data very close to the "true" value, is
not required to perform low uncertainty
measurements. An instrument with minimal

uncertainty only needs to produce highly repeatable
data for a known and stable excitation. Therefore,
experimental techniques used to explore measurement
uncertainty need not focus on absolute accuracy as
the performance criterion. In antenna metrology,

this approach is not usually limiting since most
measurements are ratiometric. Figure 1 illustrates
the differentiation between accuracy and
uncertainty. An instruments's mean response to a
given input may deviate from an ideal transfer
function resulting in a basic inaccuracy. However,
an instrument's uncertainty describes the extent
particular measurements deviate from this mean. The
advantage of measuring uncertainty is that it may
be quantified independently from system accuracy.
This allows more realistic error budgets for a
given measurement type to be designed.

Error sources may be divided into two distinct
categories, systematic and non-systematic.
Systematic error sources can be readily identified
and are repeatable. Non-linearity is a good
example of a systematic error. The deviation of
output versus input from a linear relationship may
be due to numerous deterministic causes, such as
individual device non-linearities, impedance
mismatch, loading effects, temperature changes and
many others. Regardless of their cause, systematic
errors are deterministic in nature. They may be
completely quantified if one has the desire and
patience to do so. If quantification is complete,
then error correction algorithms can be utilized to
restore idealized performance.

Non-systematic, or random, errors on the other hand
are totally non deterministic. That 1is, they
possess the qualities of a random process. These
random processes are often categorized in
communications theory as random noise which adds as
a uncorrelated phasor to the signal under
consideration. Repeatability and stability,
particularly as a function of input level and time,
are the most important specifications affected by
non-systematic errors for precision
instrumentation. The physical manifestation of
these types of errors can be attributed mainly to
the presence of thermal noise power in the final
detection bandwidth of microwave receivers and
network analyzers, and quantization uncertainties
in the A/D processing. Present instrumentation
typically places quantization noise below the
thermal noise level so it can usually be regarded
as a  second order effect. Therefore,
characterization of the uncertainty effects of
thermal noise appears as the primary component in
determining measurement uncertainty versus input
level and acquisition speed.

3. UNCERTAINTY MODEL

shown in
The noise phasor,

A simple amplitude uncertainty model is
phasor diagram form in Figure 2.
n(t), combines with the signal phasor, s(t), as a
vector sum to produce a resultant phasor, «r(t).
The noise phasor, n(t), is presumed to have a
Normal amplitude distribution and an uniform phase




distribution (1}. A simple expression may be
derived for measurement uncertainty which relates
the input level s(t}) and the given system dynamic

range ( at S/N = 0§ dB) which can be thought of as
nit). The expression below describes this
relationship.

Uncertainty = 20 % log{({s(t} + nit)}/s(t)]
The resulting measurement uncertainties versus
input level for 80 and 90 4B dynamic ranges are
plotted in Figure 3. In the plotted data,

uncertainties due to n(t) will correspond to n(t)
assuming its peak (3 sigma) value. Note that each
graph actually consists of two lines, corresponding
to worst case constructive and destructive phasor
additions. In addition, note that uncertainty not
only varies versus input level but also with
acquisition speed. This is a direct consequence of
using cocherent digital averaging to improve dynamic
range. Since averaging reduces an instrument's
noise floor by suppressing uncorrelated signals
which are in the IF passband with the signal to be
measured, measurement speed must be reduced
linearly by a factor at least equal to the number
of samples averaged.

4. EXPERIMENTAL CONFIGURATION / METHODS

Measurements were performed to determine the degree
of compliance with the error model. Two
measurement receivers were utilized, the Hewlett-
Packard 8510B, and the Scientific-Atlanta Model
1795. Results were compared with the error model
to estimate actual dynamic range based on the
uncertainties measured. The HP 8510B was used to

provide a baseline of performance since it is
readily accepted as an industry standard for
accuracy and repeatability. The HPF 8510B was

configured with the HP 8511A Frequency Converter.
The SA 1795 utilized the SA 14-11-20 Mixer. The
method used to evaluate the measurement
uncertainties of the HP 8510B and the SA 1795 is
shown in Figure 4.

A synthesized Microwave signal source, the HP 8340,
was set for constant CW power of 0 dBm at the test
frequency of 3 GHz. A high directivity coupler
provided a reference path for phase locking the
Network Analyzer or Receiver. Fixed attenuators in
both paths provided additional reference to signal
path isolation. The fixed attenuator in the signal
path  was chosen to provide power levels
corresponding to peak signal input (-10 dBm for the
HP 8510B and -20 dBm for the SA 1795) for each
instrument when 0 dB attenuation was chosen on the
stepped attenuator. Each instrument was tested
over an attenuation range of 110 dB from full scale
input in 10 dB increments and for all selections of
average samples (12 selections for both instruments
from 1 to 2048). At each setting of attenuation
and average sample selection, 100 distinct
measurements were collected. From these data, the
mean value, maximum and minimum values, and the
standard deviation were calculated. The major
potential systematic  error source for these
measurements would be due to short term ( 1
microsecond to 1 second) level drift from the HP
4340. The HP 8340 is specified for less than .0l
dB amplitude stability at constant temperature.
Actual level stability for these measurements was
on the order of .00l dB.
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5. DATA AND ANALYSIS

shown in Table 1 summarizes the results
experiments described in Section 4. The
deviations and peak deviations from the
are shown. Analyses of the data sets show
the amplitudes assume Normal distributions.
This is the expected result for what appeared to be
"white" noise in the IF passbands. The data also
show the peak deviations from the mean values are
approximately 3 times the standard deviation value
(o). This 30 deviation will encompass more than
99% of all possible measurements which ensures that
an adequate population sample has been gathered
(2).

Figures 5 and 6 show the data for each instrument
compared to the uncertainty model. The HP 8510B was
configured for 1 average sample (1 KHz trigger
rate) and the SA 1795 was configured for 4 average
samples {1.25 KHz sample rate). Figure 7 shows data
for the SA 1795 configured for 1 average sample (5
KHz sample rate). An exponential least squares fit
algorithm was used to extract the best fit curve.
Since measurement uncertainty decreases as the
acquisition speed decreases, an analysis of this
effect 1is important in specifying measurement
system performance. Figure 8 shows the measured
uncertainty at the 60 dB below full scale level for

both instruments as a function of measurement
speed.

Measured data indicate that random processes
creating uncertainties have approximately Normal
distributions in both instruments. The peak
deviation uncertainties extracted from the
measurements correspond approximately to a 3o
deviation from the mean value. Dynamic range
specifications based on these deviations are lower

than those based on the RMS deviations at S/N =0
dB which are typically stated in manufacturer's
product literature.

6. CONCLUSIONS

Precision measurements on low sidelobe phased array
antennas require the lowest uncertainty measurement
techniques and the highest data acquisition speeds
possible. The data presented allow an analysis of
the uncertainties due to receiver effects fo be
integrated into an error budget. In addition,
these data show the effects of acquisition speed on
the resulting measurement uncertainty. Antenna
metrologists should factor the uncertainty versus
level and acquisition speed effects into the design
of test systems for these demanding applications.
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Figure 5 - Uncertainty vs. Input
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Figure 7 - Uncertainty vs. Input
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