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Abstract—Pyramidal RF absorber, widely used in indoor antenna
ranges, is designed to minimize reflectivity by creating an
impedance transform from free space to the impedance of the
absorber material. The pyramidal shape provides this transition
quite well at normal incidence. It has been shown in [1] that
pyramidal RF absorber performs very well up to angles of
incidence of about 45 degrees off-normal, but at wider angles of
incidence, the performance degrades significantly. Unfortunately,
it is very difficult to perform RF absorber measurements at large
oblique incidence angles. In such measurements, the reflected path
and the direct path between the antennas are very close in length,
making it difficult to use time-domain gating techniques to
eliminate the direct coupling.
In this paper, a novel approach for performing oblique RF
absorber measurements is introduced based on spectral domain
transformations. Preliminary measurements using this technique
have been compared to RF simulations. Results appear to indicate
that this approach is a valid way to perform RF absorber
reflectivity measurements at highly oblique incidence angles.

Figure 1. Reflectivity of pyramidal RF absorber versus
angle of incidence as reported in [1] and [2]

I.
INTRODUCTION
RF absorber is used in indoor ranges to reduce reflection
from certain areas of the range to create a free-space condition
for testing. The pyramidal shape of the absorber helps the
electromagnetic (EM) wave penetrate into the absorber where it
is transformed into thermal energy and dissipated. In most
applications of absorber in indoor ranges, it is important to know
its bi-static reflectivity for oblique angles of incidence. In
reference [1] it was shown that at angles of incidence higher than
45 degrees, the performance of the absorber starts to degrade
(see Figure 1). It is desirable to have angles of incidence that are
not too close to grazing angles. However, in some cases this is
not possible, and a different solution is required to improve the
reflectivity of the absorber treatment.
Three methodologies are common to improve the
performance at large angles of incidence. One consists in
reducing the amount of carbon on the absorber as this improves
the penetration of the wave and the absorption. However, as
shown in Figure 2, as the frequency increases into the
microwave (MW) range, the material properties of foam for
different types of absorber become very similar. Thus, changing
the carbon concentration will not improve performance
significantly in the MW range. A second option, illustrated in
Figure 3, is to tilt the absorber field to offer a smaller angle of
incidence to the incoming wave. This approach was reported in
[2] and has shown some improvement in numerical results. The

Figure 2. Typical permittivity of the materials used in
the fabrication of RF absorber
final approach is to use a Chebyshev arrangement as reported in
[3] and introduced in [4].

Regardless of the approach used for improving reflectivity at
large angles of incidence, there is currently no viable method for
measuring it. These are several approaches for measuring
absorber described in Section 7.2 of [5] that could be applied,
one of which is summarized later in this paper. But none of these
approaches are ideal for large angles of incidence. In this paper,
a technique using the spectral domain is introduced for
measuring RF absorber reflectivity at large angles of incidence.
The technique uses a planar scanner to measure the transmit
antenna’s response over a plane. After the reference

Figure 4. The NRL arch as described in [6]
4 shows an illustration of the method. An arch (hence the name
of NRL arch) may support two antennas: a transmit antenna that
illuminates the sample, and a receive antenna that receives the
reflected signal. A reference measurement is done on a metal
plate, and then the sample is placed on the table to measure the
reflectivity of the sample versus that of the metal plate. To
ensure that the reflected energy is coming from the sample, it is
Figure 3. A sample of a tilted angle absorber
arrangement
measurement is done, the absorber being tested is raised to a
height so that the desired angle of incidence is obtained. The
reference and the test measurement in the presence of the
absorber sample are then transformed to the spectral domain
where the reference spectrum is subtracted from the test
spectrum. The resulting spectral representation can then be
transformed to far-field spherical coordinates, providing the
magnitude of the reflection at the angle of interest. Preliminary
results are compared with numerical analysis in order to verify
the validity of the approach.
In Section II, some of the issues with measuring reflectivity
at oblique angles are explained. The proposed method of spectral
domain processing is described in Section III followed by
simulation results (Section IV) and measurement results
(Section V). Conclusions are summarized in Section VI.
II.

MEASUREMENT ISSUES

While numerical techniques can provide a good estimate of
the reflectivity of materials, it is not a trivial task to create a
perfect model of pyramidal RF absorber. While a model using a
typical measured permittivity and homogeneous loading is
relatively easy to do, this model does not typically reflect the
reality of an actual piece of RF absorber, where the loading may
vary through the piece, making it non-homogeneous. Thus, there
is a desire to verify the predictions of the models by means of
measurements. However, measuring absorber at large angles of
incidence is not a trivial task either. The typical approach used
for normal incidence or quasi-normal incidence, utilizing
something called the NRL arch [5], cannot be easily applied for
large angles of incidence. The method was previously mentioned
in [6] where the authors claim that its development dates to the
1940s at the Naval Research Laboratory (NRL) and provides
references dating to 1947 where the method is described. Figure

Figure 5. The setup for large angle of
incidence reflectivity measurement
important to reduce or eliminate the direct coupling between the
two test antennas. This can be achieved by means of time gating
to ignore the direct-path signal and measure only the reflected
path or by the use of absorber baffles between the two antennas.
Figure 5 illustrates the problem of what happens as the incidence
angle increases. The direct path between the two horns becomes
closer in length to the reflected path. The similar length of the
two paths makes it extremely difficult to time-gate out the direct
coupling between the horns. For a direct path of length D
between the horns, at 85° of incidence, the difference in path
lengths between reflected and direct is 0.08D. Using baffles of
RF absorber between the transmit and the receive horn to reduce
the direct path coupling is not an option either since the edge
effects (e.g. diffractions) from the baffle piece can affect the
results of the measurements.
Clearly the problem is to separate the reflected signal from
the direct illumination. A different approach is being developed
to allow the measurement of absorber at these large angles of
incidence. This approach uses spectral domain techniques to
eliminate the direct illumination and extract the reflected levels.

III.

THE SPECTRAL DOMAIN TECHNIQUE FOR ABSORBER
MEASUREMENTS

In order to effectively measure the magnitude of the reflected
signal, we need to subtract the direct-path signal from the
received signal. At oblique angles, this becomes increasingly
difficult as the direct-path signal dominates and drowns out the
effect of the reflected path.
To overcome this problem, a planar scan of data without the
presence of the absorber was collected. The scanned data serves
as a baseline scan of the direct-path signal. To simulate the lack
of absorber, the scanner and the transmit horn are elevated over
the floor such that the angle of incidence onto the absorber is
smaller than 50°. The data in Figure 1 suggests that for those
angles, absorber that is about 4λ in height at the frequency of
interest has a reflectivity that is smaller than or equal to the

Thus, in the proposed method, we obtain a reference or
“baseline scan” and a test scan. The idea is to introduce the
absorber without perturbing the measurement setup. If the probe
stand and planar scanner do not move, then the planar scan of
the baseline should give us an accurate representation of the
direct-path signal, which we can subtract from the test scan. This
subtraction is performed in the spectral domain. If everything is
perfectly static, this should work well. But if errors are
introduced, our simplistic assumptions break down and the
spectral subtraction will not give us the suppression of the directpath signal necessary to discriminate the reflected signal.
It should be noted that knowledge of the pattern of the
transmit horn is necessary, as the difference in radiated power
towards the sample versus the boresight radiation towards the
scan plane should be accounted for during the reflectivity
calculation.
With data taken on a planar scan, we can compute a spectral
response whose domain is given by spatial angles. We can
quickly generate plots of signal power density vs incident angle
by converting k-space coordinates into physical angles.
IV.

Figure 6. The baseline scan setup
normal incidence reflectivity. Figure 6 shows the measurement
setup for collecting the baseline or reference scan.
After the reference scan is collected, the actual absorber
sample is raised to a height such that the angle of incidence is
the angle of interest. This second scan will contain the reference
signal in addition to the reflected signal from the absorber
sample. This setup is illustrated in Figure 7. It should be noted
that neither the transmit nor the scanner probe are moved or
changed between scans. The only change to the setup is the
presence of the absorber sample.

Figure 7. The test scan setup

SIMULATION OF THE MEASUREMENT PROCESS

To understand the impact of various errors, a simulation tool
was created to replicate the response of a vertically oriented
planar scan to a static probe downrange from the scan plane. It
is assumed that the probe lies in the center of the scan plane, at
a downrange position of 18 feet (5.49 m). The scan plane is 24
inches (61 cm) tall and 20 inches (51 cm) wide with a linear step
size of 0.5 inches (1.27 cm). The test frequency is 5 GHz. For
the test scan, we assume the existence of a reflecting surface 15.2
inches (38.6 cm) below the center of the scan plane. This would
place a specular reflection at an angle of 8° below horizontal
from the perspective of the center of the scan plane. This angle
is equivalent to 82° of incidence. The reflecting surface is
assumed to reflect the signal at -35 dB relative to the incident
signal.

The simulation tool uses the free-space Greens function to
synthesize field conditions at various positions due to the
excitation of the probe and the reflecting surface, when
applicable. Ideal probes are assumed to simplify the tool. We can
thereby synthesize the data associated with a planar near-field
(PNF) scan for both the baseline and test scenarios and then
process those data to yield reflectivity estimates. This is done by
applying a two-dimensional FFT to the planar data, adjusting the
phase if desired, and subtracting the two spectra. The result is

scanner moving while setting up the test scan. The error free
case, illustrated in Figure 8, shows the reflected signals related
to the peak (i.e. 0dB) level for the direct path. The result shows
a peak reflected level of -35.23dB instead of the expected -35dB.
V.

MEASUREMENT RESULTS

The setup was implemented inside one of the NSI-MI
anechoic ranges. The transmit antenna was a modified NSI-MI
ANT-QRH-5-15 with an absorber shroud. A planar scanner is
placed opposite the horn with space for the sample in between.
Figure 9 shows a picture of the setup with a set of tilted absorber
panels like the one shown in Figure 3.

Figure 9. Test setup in the chamber

Figure 8. Simulated data of the measurement
then plotted versus physical angle to yield a spectral plot
showing reflected signal power at the appropriate angle. Figure
8 shows the simulated data of the post-processing algorithm. The
simulation can be used to understand how to correct for potential
errors on the setup related to potential rotation or translation of
the scan plane between scans. These errors are related to the

A sample of SFC-24 pyramidal absorber was set in the
chamber after the preliminary baseline scan had been completed.
Figure 10 shows the results for the reflected energy after the
baseline was subtracted from the test data. The data shows a total
of three reflected signals. There is the main reflection at -8° (82°
of incidence) and two additional peaks to each side of the main
reflection. These potentially could be caused by the edges of the
sample field of absorber. The peak of the reflected data was
extracted and compared with computed results. The computed
results were obtained using the frequency domain finite
elements (FEM) solver in the CST suite. The data from the
simulation assumes a perfectly homogeneous absorber pyramid.

Figure 10. results of the spectral technique at
5 GHz horizontal polarization.
Table I shows the results of the measurements at different
frequencies compared to the numerical results. The numerical
results show a higher reflectivity than the measurements. Part of
the reason for this may be related to the homogeneous loading
assumed on the model. This would lead to less penetration than
the actual absorber where the loading may be lower at the tips.
This was shown in reference [7] and shown here in Figure 11,
where the real permittivity at the base is about 1.5 to 1.7 times
higher than the permittivity at the tip of an absorber sample.
Additionally, the numerical results show total power reflected at
the Floquet port which may include power not directed in the
specular area. These issues will be explored in future research.

Figure 12. Numerical results at two different angles of
incidence compared to the measured results.
TABLE I.
Frequency
5 GHz
6 GHz
7 GHz
8 GHz

Measured
H-pol
reflectivity
-23.5 dB
-27.6 dB
-32.4 dB
-33.0 dB

VI.

RESULTS OF MEASUREMENT
Measured
V-pol
reflectivity
-22.6 dB
-26.0 dB
-30.0 dB
-31.7 dB

Computed
H-pol
reflectivity
-19.46 dB
-21.91 dB
-24.05 dB
-27.33 dB

Computed
V-pol
reflectivity
-19.98 dB
-18.78 dB
-19.74 dB
-21.20 dB

CONCLUSION

While there are some questions raised by the difference
between the measured and numerical results, the preliminary
results suggest that this is a valid approach to obtain the bistatic
reflectivity of RF absorber at large angles of incidence. The
approach solves one of the limitations of the NRL arch approach
described in [5]. Further work is necessary in looking at the
numerical results as the model being analyzed may not
completely mimic the actual features of the RF absorber being
simulated. Among these is the potential non-homogeneous
material properties of the absorber related to the migration of the
liquid solution due to gravity while the absorber dries during
manufacturing. The lighter loading on the tips may result in a
better penetration of the incoming wave and better absorption as
the measurements seems to show when compared to the model.
Figure 11. Results reported on reference [7] showing
the variation on permittivity in a single piece of
absorber.
The data obtained from the proposed method is also plotted
in Figure 12. The plot suggests that the measurements and the
numerical results follow a similar trend and seem to point
towards the validity of the method.

Future work, in addition to the improvements to the
numerical model, call for measurements at other angles of
incidence to verify the approach by comparing the trend with the
computed results.
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