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Abstract—Absorber treatment for an anechoic range is designed
to attenuate the potential reflections from the walls, ceiling, and
floor and to keep a certain level below the direct path between the
range antenna (or probe) and the quiet zone (or minimum radiated
sphere for spherical near-field ranges). There are, however, some
antenna measurement systems where the range changes or moves
as the data is acquired. In some cases, the probe moves around the
antenna-under-test (AUT) along a section of circle supported by
an arch or a gantry. In other ranges, the multiple probes are
switched on and off; these probes are supported by an arch.
Because the direction of the range moves with respect to the walls,
ceiling, and floor, it is a bit more complex to arrive to an optimal
absorber layout, as well as locating the preferred placements for
the instrument rack, door, and vents in the range.

In this paper, a higher-order-basis-function method of moments
approach is used to model a gantry-supported probe as it moves
around the location of the AUT. The power density at the walls as
the probe moves is analyzed to arrive to an optimal absorber
layout that will provide adequate levels of reflections for
measuring an antenna. The paper looks at a gantry that moves
from +135° to -135° with the AUT rotating 180° and for a gantry
that moves from 0° to +135° with the AUT rotating 360°. The latter
will require a smaller range with one of the walls closer to the
location of the antenna under test.

A series of recommendations based on the electrical size of the
absorber at different areas of the range are provided.

1. INTRODUCTION

Recommended rules for the proper RF absorber layout of
anechoic ranges have been presented in [1] and [2]. In reference
[3] it was noted that the next version of IEEE 1720 [4] will
include recommendations for absorber coverage in near field
measurement ranges. As reported in [2], one of the most
complex ranges are those where the line of sight between the
range antenna or probe and the AUT changes. Figure 1 shows a
sketch for one of these types of ranges. This type of moving-
range is common for automotive applications, large physically
heavy antennas, antennas with cooling lines and for on-chip
antennas that are fed with probes instead of RF coaxial cables.
In [2] the recommendation is to place pyramidal absorber that is
two wavelengths thick at the lowest frequency of interest for the
range. This recommendation has been proven in several
implementations, but it involves a large degree of safety margin.
Recently in [5] Rodriguez at al. used a Higher-Order basis-

Functions Method of Moments (HOBFMoM) approach to
model a compact range and look at the absorber treatment
required in the range surfaces. Using the same methodology, the
illumination of the surfaces of a moving probe range can be
analyzed to select an optimized absorber treatment that will meet
the desired reflectivity in the range.
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Figure 1. A movable-range system where the range antenna or probe
moves around the AUT (Used with permission from Reference [2]).

II. NUMERICAL MODEL

In the present paper a Gantry system roughly based on the
geometry of the NSI-MI 700S-120 gantry-based spherical near-
field measurement system. A similar approach can be used for a
multiple probe system. Figure 2 shows the model used in the
simulation. The origin of the coordinate system is the
intersection of the gantry rotational axis and the probe
polarization axis. The gantry structure is modeled as perfect
electric conductor (PEC). The structure consists of a square
pedestal 63 in. (1.6 m) tall and 12 in. by 12 in (0.3 m) in cross
section. 5.8 in. (14.7 cm) below the top of the pedestal is the
center of rotation of the gantry arm. A cylinder 8 in. (20.3 cm)
in diameter and 4 in. (10.16 cm) long separates the pedestal from
the gantry arm. The gantry arm is 77 in. (1.956m) with a square
cross section of 6 in (15.24 cm) per side. The arm extends 61.00
in. (1.53 m) from the point of rotation towards the horizontal
member that supports the probe. At one end of the arm, that
extends 16 in. (40 cm) below the point of rotation, there is a
counterweight that is 6 in by 14 in. (35.56 cm) by 14 in. The
horizontal arm is a cylindrical structure with a 4 in. (10 cm)
diameter and a length of 60 in. (1.5 m). The probe is centered 2
in. (5 cm) from the end of this horizontal arm. The front surfaces
of the gantry arm are covered in absorber. In addition, there is a



20 in. (50 cm) wide curved skirt with a radius of 22 in (55 cm)
at the base of the pedestal (see Figure 2).

The absorber is pyramidal absorber with material parameter
of &= 1.4+j0.566 which are the typical material properties for
absorber that size at4 GHz. The absorber geometry is a truncated
pyramid with a height of 4 inches (10.16 cm) and a square base
of 2 inches (5.08 cm) by 2 inches (5.08 cm). The tip is truncated
and has dimensions of 0.05 inches (1.3 mm) by 0.05 inches (1.3
mm) the truncation is done to make it easier for the software to
discretize the geometry using quadrilateral patches. The 4-inch
pyramid rests on a 1-inch (2.54 cm) thick slab. Figure 3 shows a
model of the pyramid.

The probe is an open-ended waveguide (OEWG) probe
typically used in these systems. The waveguide is a WR-187
with internal dimensions of 1.872 inches by 0.872 inches. The
overall length of the probe is 12 in (30.5 cm). The probe is
modeled as a zero-thickness 2D PEC wall. The probe is
surrounded with an absorber collar as typically done in these
types of probes. The base of the absorber is located 6 in (15 cm)
from the aperture of the waveguide. And the aperture is 18
inches (45 cm) below the center of the cylindrical horizontal
arm. The absorber on the probe collar is the same type as the one
on the gantry and it has the same material properties. Figure 4
shows a view of the OEWG model. The walls of the waveguide
are 2D so there is no need to do a knife edge at the aperture.

The structure is assumed to be in a 200 in. wide, by 156 in.
deep by 136 in. tall (5.08 m by 3.96 m by 3.45 m) chamber.

Figure 2. The model used for the simulations using the HOBFMoM
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Figure 3. A single pyramid model of the absorber used on the gantry
simulation.

Figure 4. The OEWG model with the absorber collar. The walls are
2D surfaces so there is no need for knife edge.

III. NUMERICAL SOLUTION AND COMPUTATIONAL RESOURCES

The HOBFMoM allows the user to discretize the geometry
using quadrilateral patches that are up to two wavelengths in
size. This allows for solving electrically large problems with
fairly-small computational resources. Additionally, as a method
of moments (MoM) approach the equations are only solved at
the interface or boundary between materials. Thus, unlike Finite
Elements Methods FEM) or Finite-Difference Time-Domain
(FDTD) there is no need to solve in the “air” or inside the volume
of the structures. The method solves for the magnetic and
electric currents on these surfaces that will radiate the correct
fields within a volume or out in free space. When the solution is
finished, the Electric field and the Magnetic Field components
can be obtained from the surface currents. From the E field and
H field, the Poynting Vector can be computed and from the real
part of the Poynting vector, the power flow in the chamber is
obtained. More important the power density anywhere is the
model can be solved. The power density can be expressed in dB
related to the power at the center of the minimum radiating
sphere or quiet zone, which corresponds to the origin of the
coordinate system.

Figure 5 shows the mesh generated by the software to
discretize the geometry. Notice that the patches on the pyramids



are the size of the entire pyramid side. Hence, the importance of
the truncated pyramid model to facilitate the meshing. The
structure was meshed with 3731 plates and 3738 nodes. The
model used a total of 167955 unknowns (of which 96692 were
electric surface currents and 71263 were magnetic surface
currents). The model was solved on a Dell Precision 7920 with
a processing unit consisting of two Intel Xenon Gold 6134
3.2GHz 8 cores and 16 logical processors. The computer has 192
GB of RAM as well as 1 TB of available Hard Drive space. The
GPU, a NVIDIA Quadro GV100 was used for the computations,
that is filling and inverting the matrix. Each solution (angle of
gantry and polarization) took approximately 8046 seconds to
solve including computing the E and H field every 1 inch (2.54
cm) on a 3D grid extending from -96 inches to +60 inches and -
100 inches to +100 inches and -58 inches to +78 inches. A total
of 32 cases were run for different angles of the gantry arm and
two principal polarizations.

Figure 5. The geometry of the model discretized using quadrilateral
patches.

IV. RESULTS

The model was run for the gantry from 6= 0° to 6=140° every
10°. The simulations are also executed for the two orthogonal
polarizations of the probe. For each simulation the power density
related to the origin is computed. The power density is computed
at the locations of the floor, ceiling and the four walls.

Figure 6 shows the power density symmetry plane that
bisects the pedestal that supports the gantry. The power density
is shown for the probe rotated for both principal polarizations.
The expected radiation pattern for an OEWG probe is clearly
seen as well as the shadowing caused by the gantry structure.

On Figure 7, a similar plot is shown for the power density on
the location of the range wall located behind the gantry. The plot
shows the gantry at 8= 0°, 6= 30°, 6= 60°, and 6= 90°. The

shadowing of the incident field onto the wall caused by the
gantry is clearly seen in the plots shown in Figure 7.
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Figure 6. Power density on the symmetry plane that bisects the gantry
pedestal for both prlnc1pal polarizations.

Pol90 Arm030

2 Alll
Back Wall, Total Real Poynting Rer 5 GF Conte cua)r =4 GHz Back Wall, Total Real Poyntin g Relative o OZ Center (dB]

‘ .u

2 El [) 1
¥ (m ¥t

AIINF 0 Arm060 02 AlINF PoI90 Arm030
ling Relaiive Io 07 Genler tdE f=4 GHz miing Relative to OZ Center (dB) f=4 GHz

¥ (m) ¥ (m)

Figure 7. Power density at the location of the wall behind the gantry
for different gantry angles.

As part of the post-processing, the solutions for each of the
simulated cases can be compared and for each computed point
on each of the range surfaces the highest power density of all the
cases can be recorded. Doing this on all surfaces shows a map of
the highest illumination on each of the surfaces as the gantry
rotates and the probe is polarized. Figure 8 shows the results of
this exercise. The power density is presented in dB related to the
power density at the center of rotation, that virtually does not
change as the probe polarizes or as the gantry rotates. Based on
the levels of power incident on those walls and using the
Rodriguez’s polynomials [2] for bistatic reflectivity, the
thickness of the absorber in different areas of the range walls can
be estimated to achieve better than -40dB reflectivity at the
location of the AUT.

Since the results show that for the worst case the power
density at the walls of the range will be about -13dB below the
power density at the AUT location, a normal incidence
absorption of -27 dB should be sufficient to achieve -40 dB. The
-27dB reflectivity can be achieved with 1.2A thick absorber up
to 40 degrees of off-normal incidence.

V. CONCLUSION

The results have shown that the absorber required for the
walls of the range is much smaller than the recommended two-
wavelength thick absorber. At the frequency analyzed, 4 GHz
two wavelength absorber is 6 inches (15.24 cm) thick, the results



show that 3.54 inches (4-inch closest standard size) is sufficient
and in some areas the absorber can be as small as less than 3
inches. A rough calculation has shown up to 20% saving in
absorber cost, However, the savings could be larger for lower
frequency applications by optimizing the range absorber based
on the simulations. Future work may concentrate on the
minimum requirements for the absorber treatment of the gantry
itself and look at the absorber on the necessary azimuth
positioner that is not included on the present paper simulations.
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Figure 8. Illumiantion of the wall by selecting the maximum illumination at every point for different positons of the gantry.



