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Abstract

We have designed, built, and tested two 18-inch diameter antennas, a reflector Impulse
Radiating Antenna (IRA), and a Pulse Radiating Antenna Element (PRAE). We provide
extensive measurements of the two antennas, made both in the time domain range of Farr
Research, and at the frequency domain range of Mission Research. We then evaluate these
antennas for possible use as a lightweight component in both a Synthetic Aperture Radar (SAR)
system and in a Remote Target Identification (RTID) system.
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I. Introduction

We explore here the applicability of two 18-inch diameter antennas for possible
application in Synthetic Aperture Radar (SAR) and Remote Target ID (RTID) systems. The two
antennas considered are the Impulse Radiating Antenna (IRA) and the Pulse Radiating Antenna
Element (PRAE). This work extends some of the ideas previously suggested in [1].

This note introduces the PRAE, which is a reflector IRA in which the paraboloidal
reflector has been replaced by a flat plate. This substitution is made in order to broaden the
antenna pattern of the IRA, which is well known to be quite narrow. Some SAR applications
require a broader antenna pattern, so it was thought that the PRAE would be an interesting
alternative to explore. Note, however, that we had previously looked at the beamwidth of the
IRA only in the time domain, and when measured in the frequency domain, the beamwidth of the
IRA does not appear to be so narrow. This is especially true at low frequencies.

We tested the antennas at two different facilities, the time domain outdoor antenna range
of Farr Research, and the frequency domain anechoic chamber of Mission Research Corporation
(MRC) in Dayton. There were three reasons why we tested at two facilities. First, we had never
compared a set of results from each of the two measurement techniques, although we had
developed expressions correlating one to the other in [2]. We can report here a very nice
correlation between the time and frequency domain techniques. Second, we used the two
measurement techniques because MRC was set up to take much more data automatically than the
manual Farr Research antenna range. Finally, we thought that we might observe some features in
the frequency domain measurements that are less obvious in the time domain measurements.
This turns out to be quite true, and we will discuss the differences in the data features
extensively.

We begin with a description of the antennas and the experimental data taken with both
time domain and frequency domain methods. Next, we discuss the similarities and differences in
the data taken two different ways. Finally, we discuss the new applications for which these
antennas may be suitable, and we explore possible design improvements that will enhance their
applicability to these new missions.
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II. Design and Fabrication of the Antennas

We begin with the general design of the IRA, which is shown in Figure 2.1. The design
of the IRA is nearly identical to that of the 18-inch Multifunction IRA (MIRA) with F/D = 0.5,
which was first reported in [3] and refined in [4]. The principal difference is that there is no
mechanism for an adjustable feed location; the feed point is fixed. The reflector is spun
aluminum, the feed arms are copper, the resistors are the high-voltage resistors from HVR, and
the support pieces near the apex are ultra-high molecular weight (UHMW) polyethylene. The
splitter is the same used previously from Prodyne. A 50 Ω input is split into two 95 Ω semi-rigid
0.141 in cables.

Next, we consider the design of the PRAE, shown in Figure 2.2. The design of the PRAE
is quite similar to the IRA, with the exception that the paraboloidal reflector was replaced by a
flat plate. When driven by a step function, the PRAE radiates a step function or pulse on
boresight at early time. On the other hand, the IRA radiates an impulse at early time. So at early
time, the PRAE radiates a replica of the driving voltage, whereas an IRA radiates the derivative
of the driving voltage. The distance from the focus to the plate in the PRAE is precisely the
distance from the focus to the reflector along the center line of the IRA. This results in feed arm
angles that are set at approximately ±45 degrees from boresight, so we expect the high-frequency
beamwidths to be near ±45 degrees.

Let us consider now why we chose a diameter of 18 inches for the two antennas. We
chose this diameter because such reflectors are easily available, and because they are easily
shipped between the two facilities. Furthermore, there was some concern that the two test ranges
may not be large enough to satisfy far-field conditions with larger antennas. To improve
performance at the low frequencies, we expect that an actual device may be up to twice the
diameter of the models as built. But we can easily scale the results to a larger size as required.
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Figure 2.1 the 18-inch diameter IRA.
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Figure 2.2 The 18-inch diameter PRAE (bottom).
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III. Time Domain Measurements

Measurements were made at the Farr Research time domain antenna range at a distance
of 20 meters. The source was the Picosecond Pulse Lab Model 4015C, with risetime of 20 ps and
peak output of 4 V. The oscilloscope was the Tektronix 11801B, with risetime of 17 ps. The
sensor was a Farr Research Model FRI-TEM-01-100 TEM horn sensor, with FWHM = 35 ps.

A. IRA Measurements

A TDR of the IRA is shown in Figure 3.1, and the raw data on boresight is shown in
Figure 3.2. The normalized impulse response is shown in Figure 3.3, in both the time and
frequency domains. A close-up of the time domain impulse response is shown in Figure 3.4,
demonstrating a FWHM of ~75 ps. The integral of the impulse response is shown in Figure 3.5,
from which we obtain ha ~= 12 cm. This compares to an expected value of 14.9 cm, so we are
measuring 81% of the expected value.

The gain for the IRA on boresight is shown in Figure 3.6. We see that the antenna is
useful up to around 9 GHz. Principle plane antenna gain patterns are shown in Figures 3.7 and
3.8 for eight frequencies. Finally, pattern cuts are presented in Figure 3.9 that are based on the
peak raw received voltage.

B. PRAE Measurements

A TDR of the PRAE is shown in Figure 3.10, and the raw data on boresight is shown in
Figure 3.11. The normalized impulse response is shown in Figure 3.12, in both the time and
frequency domains. A close-up of the time domain impulse response is shown in Figure 3.13,
demonstrating a FWHM of ~315 ps. Note that this is much broader than the ~75 ps measured
with the IRA, since the beam is defocused. The integral of the impulse response is shown in
Figure 3.14, from which we obtain ha ~= 10.7 cm. This compares to an expected value of 14.9
cm, so we measuring 72% of the expected value.

The gain for the PRAE on boresight is shown in Figure 3.15. We see that the antenna is
useful up to around 2 GHz, which represents considerably less bandwidth than the IRA. Principle
plane antenna gain patterns are shown in Figures 3.16 and 3.17 for eight frequencies. Finally,
pattern cuts are presented in Figure 3.18 that are based on the peak raw received voltage.
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Figure 3.1 TDR of the IRA.
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Figure 3.2 Raw waveform on boresight for the IRA.
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Figure 3.3. Impulse response of the IRA, in the time domain (top) and in the frequency domain
(bottom).
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Figure 3.4. Close-up of the impulse response of the IRA.
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Figure 3.5 Integral of the impulse response of the IRA.
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Figure 3.6. Gain of the IRA on boresight, plotted on two different scales.
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Figure 3.7. Gain of the IRA as a function of angle in the E-plane, at 195, 391, 586, 781, 977,
1953, 3906, and 8008 MHz.
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Figure 3.8. Gain of the IRA as a function of angle in the H-plane, at 195, 391, 586, 781, 977,
1953, 3906, and 8008 MHz.
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Figure 3.10 TDR of the PRAE.
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Figure 3.11. Raw waveform on boresight for the PRAE.
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Figure 3.12. Impulse response of the PRAE, in the time domain (top) and in the frequency
domain (bottom).
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Figure 3.13. Close-up of the impulse response of the PRAE.
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Figure 3.14. Integral of the impulse response of the PRAE.
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Figure 3.15. Gain of the PRAE on boresight, plotted on two different scales.
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Figure 3.16. Gain of the PRAE as a function of angle in the E-plane, at 195, 391, 586, 781, 977,
1953, 3906, and 8008 MHz.
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Figure 3.17. Gain of the PRAE as a function of angle in the H-plane, at 195, 391, 586, 781, 977,
1953, 3906, and 8008 MHz.
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V. Comparison of the Time and Frequency Domain Data

It is of considerable interest to compare the frequency domain and time domain gain
patterns. We do so in order to validate the measurements made on the Farr Research time domain
range.

We begin with a comparison of the gain of the IRA on boresight, as a function of
frequency. The data from the time domain is shown in Figure 3.6 and the data from the
frequency domain is shown in Figure 4.2. In the time domain data, we see that the IRA has a
peak gain of around 15 dB. Furthermore, there is a band of frequencies between 2 and 9 GHz in
which the gain is above 10 dB. This compares well with the frequency domain data, where we
see the same features.

The above comparison of frequency and time domain data demonstrates that the two
techniques are essentially similar. Although we have not yet provided a detailed comparison, we
can verify that a time domain range can be used to quickly check out broadband antenna designs.

Next, we consider the features that are more apparent in the frequency domain
measurements than in the time domain. Consider the antenna patterns of the IRA as shown in
Figure 4.3. Here we see that there are side-lobes 9 dB down from the main beam. The analogous
patterns from the time domain data are in Figures 3.7 and 3.8. It appears in the time domain data
that a lobed pattern is forming, but there is insufficient resolution to see the lobes clearly. If the
time domain system were automated, the lobes might become more apparent, because data could
be taken at smaller angular increments.

Finally, we note that because of the automation of the frequency domain system, a
complete set of cross-pol data has been collected. While polarization data could easily be
collected with the time domain system, the manual work would be double what it already is. This
suggests that further automation in the time domain system would be very helpful.
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VI. Application to SAR and Remote Target ID

We consider here new applications for the class of antenna we have built and tested. A
key feature of these applications is that it is not necessary to radiate a clean impulse; we are
merely taking advantage of the broad bandwidth of the antenna.

A. Synthetic Aperture Radar

Existing Foliage Penetration (FOPEN) SAR systems generally operate in the frequency
range of 100 MHz to a few GHz. It has already been demonstrated that either TEM horns [10,11]
or log periodic antennas [6] are capable of fulfilling this mission. However, there is a
configuration of SAR that is generally referred to as “spotlight-mode”, which may require a
different antenna. With spotlight-mode, the beam is more narrow than with the more general
case. Furthermore, the antenna rotates such that the beam is always pointed at the center of the
SAR field on the ground. It is expected that spotlight mode will provide better focus than
conventional SARs. The narrow pattern of the IRA, combined with its broad bandwidth, may
prove to be quite useful for this mode.

One of the reasons we built the PRAE was that we thought an IRA with a broader pattern
would be useful for conventional SAR, as a replacement for the TEM horn or log-periodic
antennas. In fact, the PRAE provides a gain of approximately 0 dB up to a frequency of 5 GHz.
This may be acceptable in some systems, however it is our impression that most SAR systems
require a higher gain.

B. Target Identification

There is a group of investigators that has been investigating non-cooperative target
identification. The most common method of identification is imaging, but they are considering
other techniques as well, such as pole extraction. They have generally operated near X-band, but
they would be able to take advantage of information at lower frequencies if it were available to
them. The IRA seems to be an antenna that can provide this community with a broadband
antenna that covers X band and lower, with a size and shape that is compatible with many system
designs. Note that in this case a log-periodic antenna does not work, because they are generally
not built to operate above a few gigahertz.
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VII. Recommendations for Future Work

The existing design of the apex, using a splitter balun with connections for two cables, is
delicate and easy to break. A new design is needed that is more robust, and this is currently being
developed.

The apex with two feed cables limits the high-end bandwidth of the IRA. This is a result
of deviations from perfect conical symmetry near the apex, because of the presence of cable. To
address the bandwidth problem, one would consider splitting the antenna into two halves with a
ground plane located in a plane of symmetry. Each half would then be fed by a single 100-ohm
cable. This design will be addressed in a future project.

The side lobe level of 9 dB at in the (E or H)-plane plot is higher than we would like for
many of these applications. It is standard practice to treat the edge of the reflector with either
resistive card or a ragged edge to cut down on diffraction. There is no reason why this would not
be helpful in broadband designs as well. We note that the side-lobes are not apparent in the time
domain, so this was never considered a priority until these new applications emerged.

To reduce the crosspol level, another possible improvement would be to add a dummy
cable at the feed point. This would balance the cable that already comes down the feed arm. Such
a cable would add symmetry to the design, which should reduce the crosspol fields. Another
option for reducing the crosspol level is to add a central ground plane to the plane of symmetry.
This will tend to short out the crosspol field in the aperture. These concepts will be tested in a
future project.

VIII. Conclusions

We built and tested eighteen-inch diameter versions of an IRA and PRAE. Testing took
place at both a time domain antenna range of Farr Research, and at the frequency domain range
of Mission Research. Good correlation between the data was proved.

The narrow beam and broad pattern of the IRA is apparently useful for both spotlight
mode SAR and for various applications involving remote target identification. Much work needs
to be done to design a system that includes the new antenna, but the advantages seem clear.
Improvements in IRAs are needed for mechanical stability, and for side-lobe reduction. There
are obvious approaches available to us to remedy these problems.

There is a gap in antenna technology that the IRA can fill. If a broadband antenna is
required to operate between 100 MHz and 10 GHz, then the IRA is one of very few antennas that
can potentially meet the requirement. Other antennas, such as TEM horns have the bandwidth,
but they have a size and shape that is generally less suitable for many applications. For these
reasons, the IRA is a likely candidate for spotlight-mode SAR and remote target identification
systems.
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