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I. Abstract

Over the long periods of time needed to acquire spherical near-field
data, thermal drift of the system can cause errors in the measurement. The
effect of thermal—drift can be removed, if it is monitored during the scanning
process. This is accomplished by periodically returning the probe to the
near-field peak during acquisition. The same point is re-measured upon each
return; and the variations in phase and amplitude are used to produce a
correction factor which is applied to each point in the near-field data file.

This paper describes the return—to—peak method and the correction
algorithm. Experimental results will also be presented.

II. Introduction

Near-field scanning requires the measurement of the relative amplitude
and phase between the received signal phasor and the received reference
phasor. At higher frequencies, obtaining accurate phase data can be very
difficult because of the necessity to transfer the signal between moving parts
and the necessity to acquire data for long periods of time. Instability in
phase measurements due to imprecisely moving parts can usually be minimized by
using rotary joints and phase stable cables. Because of the long acquisition
time required in obtaining near-field data, temperature variations in the room
can affect the accuracy of the phase measurements.

In order to measure relative phase, the difference between the electrical
phase delay of the reference path and the signal path is measured. If the
temperature of the test signal and reference paths change differently, the
effect shows up in the measured phase. Even if the temperatures of the test
signal and reference paths change equally, thermal effects can occur due to
different thermal coefficients of the cables or due to different lengths of
the same type of cable. These thermal effects can be minimized but they
cannot be eliminated. Therefore in order to obtain accurate phase measure-
ments under thermal variation, a technique to back out the thermal effects on
the measured data was formulated. This thermal drift correction technique is
called the return-to-peak method. The return-—t to-peak method requires that the
direction of maximum field intensity be known for the antenna-under-test.

This position is called the beam max position.

The data for drift correction is acquired by positioning the .antenna-
under—test to the beam max position and recording amplitude and relative phase
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of the received signal phasor. This measurement is performed before the first
scan, after the last scan, and throughout the acquisition at scan multiples
specified by the user. From these return-to-peak data, a correction factor is
computed by linear interpolation, between the peak samples. The correction
factor is applied to the acquired near-field data to remove the effect of
drift,

The two polarizations required for near—field scanning are corrected
differently depending on the technique used to acquire the data. If the two
polarizations are acquired simultanecusly using a dual-ported probe, both
polarizations are corrected using data derived from the observed drift in the
co-polarized port only. The beam max correction term is normalized to unity.

I1f the near fleld is scanned twice taking each polarization successively,
then each polarization is corrected using drift measurements obtained during
that particular acquisition. The normalization in this case is performed so
that the beam max co-polarization correction term is unity. The cross-
polarization correction terms are adjusted by tying the two scans together in
time. This is accomplished by forcing the last return—to—peak point of the
first scan and the first return-to-—peak point of the second scan to be
equal. A simple example illustrating details of the return—to-peak drift
correction algorithm follows.

11I. Return—to—Peak Algorithm

The return-to-peak algorithm is based upon a raster—scan systew of data
acquisition. In spherical near-field scanning, the test antenna is mounted on
a two-axis rotary positioner. The scanning data is acquired by sampling the
amplitude and phase of the recelved signal as the upper axis is scanned and
the lower axis is stepped. The result is a two—dimensional matrix of sampled
values, called a raster; the rows and columns correspond to sequential values
as the upper and lower axes are rotated, respectively.

To understand how the return—-to—peak drift correction algorithm operates
consider a simple case illustrated in Figure 1. An antenna pattern is shown
plotted versus the point in time at which each field point was sampled; the
scan that is plotted corresponds to a single cut at a fixed value of the step
angle. The abscissa is the complex amplitude of the received signal; the
first point of the scan was acquired at time t; and the final point at time
tye The time t;., corresponds to the point in time at which the maximum
amplitude yp., Was measured.

The return-to-peak correction algorithm is based upon the changes
observed in the peak value which is repeatedly measured as the raster—scan
acquisition takes place. For the simple case illustrated, a sample at the
peak value was taken just before time t, when the scan started and just after



time ty when the scan completed. The two values Ymax(t]) and YmaxCtn)
correspond to the samples acquired by returning the positioner axes to the
near-field peak before and after the scan.

The measured data points yp,,(t) are acquired at successive values of
the scan axls position and correspondingly at successive moments in time. The
time parameter governs how much drift correction is applied; however in
practice the time parameter is inferred from the positioner's scan axis
readout.

In Figure 1, the measured data points are shown parameterized by the time
at which a sample is taken. During the time interval (ty,ty) thermal drift is
assumed to have occurred and altered the ideal value yideal(t) to yield
Ymeas(t)s This is made evident by the fact that Ymax at the end of the scan

1s different from y . at the beginning of the scan. That is YmaxCtn) —
ymax(tl) is not equal to zero. Therefore, in order to obtain the ideal or
corrected data a correction term (C(t)) is necessary.

yideal(t) - ymeas(t)/c(t) (1)

It i1s assumed that the thermal drift effect is linear with time. This
assumption is valid if the time between return-to-peak values is short. How
often one performs a return~to-peak is a function of the test system and its
environment. Experimental study should be performed in order to determine the-
period of return-to-peaks for a given system.

The linear correction term C(t) can be expressed by the following
equation of a straight line

C{(t) = mt + b (2)

where m is the slope of the linear segment and b is the y-intercept of the
straight line.
The slope m is determined using the following:

ymax(tN) - ymax(tl)
m = P (3)
N 1

From the slope of a straight line and one point on the line, the equation
for that line can be determined. The y=-intercept can be determined using

b = ymax(tl) - mt, . : (4)
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Substitution of (4) into (2) yilelds

- - + t [}
C(t) = m(e-t,) ymax( ) (5)
Before equation (5) can be substituted into (1), it must be normalized. For
this case, the normalization was chosen so that the correction term C(t) was

unity at the time t;,,. Thus normalization of equation (5) yilelds

m(t-t,) +y

(t.)
c(t) = o max 1

tmax‘tl) + ymax(tl)

. (6)

Substitution of equation (6) into (1) yields the final return—to-peak
drift correction equation

mtp e ty) + Ymax(t1)

(t) = m(t-t,) +y__ (€]

y (t) (7

yideal meas

The technique described above corrects only a single scan, in the general
raster-scan case, several scans may be acquired between successive return-to-
peak points. The technique is similar, but the time variable runs from the
beginning of the first scan until the end of the last scan. (See Figure 2,)

For a typical raster scan data set the correction equation consists of a
series of straight line segments; each segment corresponds to the time
interval between a palr of return—to-peak points.

It is very important to realize that all measured quantities, whether
they are near-field data points or return-to-peak correction points are
complex numbers. The concept of linear interpolation between two complex
numbers is not well defined. Linear interpolation between two successive
complex numbers can be accomplished by determining the slope between their
real parts as well as their imaginary parts, ylelding one interpolation
equation for the real terms and one interpolation equation for the imaginary
terms. The interpolation can also be accomplished by determining the slope
between the magnitude and phase of the two complex numbers. The latter method
also ylelds two correction equations, one for the magnitude and one for the
phase terms. The former approach was selected for this implementation of the
return-to-peak correction algorithm.

1v. Expetimental Results

The return—to-peak drift correction technique has been tested
experimentally using a Scientific-Atlanta 2022B antenna analyzer with the
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spherical near-field option. The thermal drift was simulated by wrapping the
phase reference cable in an electric blanket with a one-hour timer attached.
A full spherical-near-field data file was acquired while the electric blanket
was switched on and off every hour. A typical temperature  plot of the
reference cable environment is shown in Figure 3. Return-to-peak data points
were determined every four scans. A typical set of real and imaginary drift
correction interpolation curves are shown in Figure 4. These curves were
~normalized as shown in Figure 1 and were used to drift correct the acquired
data file.

Both the non-drift corrected and the drift corrected near-field data
files were transformed to the far-field. A comparison of the non-drift
corrected versus the drift corrected far-field pattern 1s shown in Figure 5
for the principal E-plane. 'Figure 6 shows a comparison between the drift
corrected far-field antenna pattern and the baseline antenna pattern. It can
be seen that the drift corrected E-plane antenna pattern, Figure 6, agrees
quite well with the baseline pattern. However, from Figure 5, transforming
the non—drift corrected near-field data to the far-field introduced
significant errors in the far-field pattern. The return—-to-~peak thermal drift
correction technique removed the effects of the induced thermal drift.

V. Conclusion

A procedure for correcting for the thermal drift effects in spherical
near-field antenna measurements has been presented. The return-to-peak
thermal drift correction technique is implemented as part of the spherical
near-field subsystem of the Scientific-Atlanta 2022B antenna analyzer option
08A.

This technique demonstrated the ability to correct thermal drift induced
errors produced by as much as a 25°F temperature variation. This temperature
variation is equivalent to a .2 dB amplitude variation and a 225° phase
variation. The return—to-peak technique has the advantage that upon
observation of the return~to-peak data file, a time-temperature history of the
acquired near-field data file can be determined.
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