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Abstract -- Time domain gating has been widely used in antenna
measurements for many years. The technique has proven useful
in gating out extraneous signals from the range that can be
uniquely separated from the primary desired signal. The well
known process involves collecting data in the frequency domain
and then transforming the data to the time domain for
processing. In far-field antenna measurements the technique is
limited in its applicability by factors such as antenna bandwidth
and pattern shape vs. frequency, and internal time delays within
the device under test. Spherical near-field presents additional
challenges to the effective use of time domain gating.
These challenges of performing time domain gating in spherical
near-field measurements are presented along with measured
results from a small spherical near-field range. These results
show the significant reduction in stray signals and the resulting
increase in accuracy that can be achieved via time domain gating.
Finally, the paper concludes with measurements made on a large
spherical near-field arch over a ground plane system. Additional
challenges of such a system will be highlighted.
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I.

INTRODUCTION

Time Domain Analysis provides the ability to manipulate
and filter RF measurement test data in the time domain.
Typical RF receive systems collect phase and amplitude
measurements versus frequency. This data can be viewed in
the time domain using Fast Fourier Transform (FFT)
techniques. By processing test data as power and phase versus
time, extraneous signal information can be suppressed to
improve measurement results.
This processing is based on the relationship between the
frequency domain and time domain through the use of the FFT.
Given that a spectrum analyzer presents the frequency
spectrum of a signal, antenna time domain processing is
essentially an inverse spectrum analysis, going from the
frequency domain to the time domain. A primary advantage of
the time domain is that it can be easily converted to distance
using the signal propagation constant (usually the speed of
light).
The basic steps for processing antenna pattern data in the
time domain are;

a) Collect frequency sweeps of data vs. a set of angular
aspect angles.
b) Perform an inverse FFT on the data to transform it into
the time domain using a windowing function at each aspect
angle.
c) Scale the result onto a linear distance scale based on
the speed of light.
d) Determine the start and stop of the base signal desired
from the time domain spectrum including all aspect angles.
e) Remove (gate) all time domain data outside the
desired base signal using one of several common windowing
functions.
f) Perform a forward FFT to return the data to the
frequency domain.
In antenna ranges, extraneous signals can be introduced that
contaminate the antenna pattern [1]. In outdoor far-field ranges,
for example, this could be a set of ground bounce signals. In
compact ranges [2], this could be reflections off the side walls,
ceiling and floor. These contaminating signals have longer path
lengths and thus longer travel times that the primary, direct
signal path. The time domain helps identify and separate these
other signal paths. If the extraneous signals are separated in
time from the desired signal, they can be filtered out with time
domain processing. This filtering is accomplished through the
gating process described in step (e) above.
II.

FAR-FIELD ANTENNA MEASUREMENT EXAMPLE

To illustrate the capabilities of time domain processing in
antenna measurements the following far-field example is given.
Fig. 1 shows a typical Spherical/Far-Field antenna
measurement system. For this example a standard gain horn
was used as the antenna under test (AUT).

Figure 1. Spherical Near-Field Antenna Test

Fig. 2 shows a metal object and ladder being used as a
scattering source to generate a large stray signal in order to
illustrate the ability to correct for large extraneous signals.
Figure 3. Time Domain Plot Showing Scattering Source

After gating, the far field at the center of the frequency
band is shown in Fig 4. As shown in this figure, the extraneous
signal is effectively removed from the far-field results.

Figure 4. Before and After Time Domain Gating
Figure 2. Range Scattering Source

Data was collected using the system shown above in
azimuth for the forward hemisphere of the AUT. The full
bandwidth of the standard gain horn with sufficient number of
points to ensure an alias free range was used. The frequency
vs. azimuth data was transformed and the time domain data is
presented in Fig. 3. A gate with an extent from 117 to 186
along the range axis was chosen in order to retain as much
information about the standard gain horn, yet eliminate the
primary stray signal.

III.

SPHERICAL NEAR-FIELD ANTENNA MEASUREMENTS

Spherical
near-field
antenna
measurements
are
accomplished by measuring fields on a spherical surface about
the AUT. In order to use time domain techniques on spherical
near-field measurements, additional concerns must be
addressed. The concerns include;
•

The range source or probe in many cases is close to the
probe. Sufficient bandwidth must be achievable with
the AUT and probe in order for sufficient resolution.

•

With a shorter range length, the offset nature of
radiation sources may require a significantly larger
gate than required by FF data.

•

The three-dimensional nature of the data set results in
more of the chamber or antenna range impacting the
data.

•

The necessity to process in the time domain each
spatial near-field point vs. frequency results in
additional measurement time as well as additional
processing resources.

•

Spherical near-field measurements always require two
probe orientations to characterize the near fields. The
two sets of data corresponding to the two probe
orientation must be processed using the same range
gate to maintain the correct phase relationship. If a
dual-polarized probe is used some variations in the
range correction using two different probes may have
different time gates

•

RF stability vs. time must be ensured over some longer
test times.

IV.

SPHERICAL NEAR-FIELD ANTENNA MEASUREMENT
EXAMPLE

An example is presented here of data taken on a large
radius arch over a turntable for use in testing Telematic type
antennas on vehicles. In this range the axes are aligned such
that the phi axis of the range is aligned with gravity and theta=0
degrees corresponds to the range axis vertical. The X and Y
axes are aligned in the horizontal plane. The AUT was
mounted about 1.8 meters above the turntable such that its
main beam was located in the X-Y plane and polarized along
the Z-axis. Or stated another way; a vertically polarized
standard gain horn mounted about 1.8 meters above the
turntable or X-Y plane. The spherical near-field probe
consisted of a broadband LPA.

Figure 5. Gated Azimuth Cut at Theta = 90 Degrees

Fig. 6 shows a pattern cut of a standard gain horn with and
without time domain gating. This plot shows the capability to
significantly reduce stray signals when spherical near-field
scanning on a range with high levels of scattering. The plot
also shows the limitations that occur if stray signals alias into
the gate. The angles from approximately -120 to -180 degrees
are clearly corrupted by the stray signals caused by a rear door
of the chamber that is contributing significant amounts of stray
radiation.

Fig. 7 shows an example of the ungated time domain results
for a single phi cut at theta=90 degrees. Data was taken over a
half octave bandwidth with 128 frequencies. The result was an
unpadded resolution of approximately 60 cm and a total alias
free range of 38 meters. The chamber enclosing this system
consists of a semi-transparent construction with significant
scattering sources. In this figure several features of the
chamber are annotated. Scattering from these features is
clearly evident in the data and can be correlated to the host
facility as built drawings at these distances from the
measurement system.
Fig. 5 shows the corresponding near-field gated data. In the
plot note that the gate had to be chosen sufficiently wide
enough to capture the main energy as the horn rotated through
its full rotation. The second polarization was checked to verify
proper selection of the near-field gate.

Figure 6. Far-field Data with and without Time Domain Gating

V.

CONCLUSIONS

Time domain processing of antenna patterns is a useful tool
to reduce the effects of extraneous signals in an antenna range.
The technique has been in use for many years. The technique
must be used cautiously to avoid errors imposed on the
technique by antenna pattern variations vs. frequency and
energy storage of the AUT. However with effective selection
of parameters, significant amounts of stray signals can be
effectively removed from the measurements. The potential
utility of time domain gating for spherical near-field antenna

measurements has been discussed and demonstrated.
Nevertheless, there are additional challenges to the
measurement that must be addressed.
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Figure 7. Azimuth Cut at Theta = 90 Degrees

