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Abstract—Full wave electromagnetic simulation of a Compact 

Antenna Test Range (CATR) is not trivial given its electrical size. 

Typically, the reflector geometry is simulated using asymptotic 

methods using an assumed feed pattern, while RF absorber and its 

effects are ignored. A boundary element method of moments 

(MoM) implementation, using higher-order basis functions 

(HOBFs) is a good numerical technique for analyzing these ranges 

since the equations are only solved at the interfaces between 

different homogeneous regions. There is therefore no need to 

discretize and solve equations for the fields in the large empty 

volume portion of the CATR, unlike when using Finite-Difference 

Time-Domain (FDTD) or Finite Element Methods (FEM). Using 

HOBFs allows for the mesh size of the discretized CATR geometry 

to be as large as two wavelengths, reducing the number of 

unknowns while enabling fast, efficient solutions.  

In this paper, a commercial software package that incorporates 

MoM with HOBFs is used to model a CATR that consists of a 

blended rolled edge reflector. The results for the reflector and feed 

model are compared with asymptotic analysis results to show 

agreement. A realistic feed horn, support structure, and RF 

absorber is then introduced to the model and its performance is 

also included to predict field distribution in the CATR test zone. 

Using this field solution, the Poynting vector is calculated to 

visualize the flow of energy in the range and from these results 

proper RF absorber layout can be designed to ensure optimum test 

zone performance. It is also shown how feed structure absorber 

treatment impacts CATR test zone performance. 

I. INTRODUCTION 

The design of a CATR is theoretically not very complicated. 
Simple rules have been presented by Rodriguez [1] and more 
recently in the IEEE STD 149 [2]. However, a proper full wave 
electromagnetic simulation can help optimize the range, 
reducing the overall cost of the range by minimizing the larger 
absorber treatment to critical areas; showing where to locate 
Heating, Ventilation and Air conditioning (HVAC) vents; fire 
protection systems; and other disruptions of the anechoic 
treatment. Additionally, a thorough analysis makes it possible to 
optimize the absorber fences around the feed system to minimize 
diffraction that can affect the quality of the quiet zone (QZ).  In 
this first approach, the feed with absorber fence and reflector are 

analyzed using a higher order basis function MoM approach. 
The results from this analysis are used to select the absorber for 
different areas. The absorber necessary is selected based on the 
approach presented in [3] and [1]. However, the selected MoM 
approach can be used to model the absorber performance. Future 
research will try to incorporate the selected absorber into the 
MoM simulation to get a better prediction of the QZ 
performance. In this paper, a CATR with a rolled edge reflector 
is analyzed. The first step is to compare the solution obtained for 
the QZ parameters from the MoM calculation to the solution 
from a geometrical optics and physical optics based code used 
to design reflectors. The difference between the results for the 
two approaches is then explained. Following that, the fields in 
the vertical and horizontal plane are obtained and the Poynting 
vector is calculated. The Poynting vector provides the direction 
of the power flow in the range, thus it gives information on the 
angle of incidence onto the absorber treatment and the 
magnitude of the power in relation to the power at the center of 
the QZ. Based on that information the absorber treatment can be 
optimized using the equations provided by Rodriguez [1] or the 
RF absorber performance modeled using the MoM approach.    

II. NUMERICAL METHOD APPROACHES 

A geometrical optics and physical optics based approach is 
used to design the size and curvature of the reflector as well as 
the blended rolled edge geometry, the reflector is designed to 
provide a 1.82m (6 ft) diameter cylindrical QZ operating from 1 
GHz to 40 GHz. For the simulations, the effort was limited to 
frequencies in the 1 to 6 GHz range.  

A. Optical Approach 

For the initial design of the reflector, the approach developed 
by Gupta and Burnside in [4] and further expanded in [5] is used. 
This method uses both geometrical optics (GO) and a modified 
physical optics (mPO) approach to deal with the blended curved 
edge of the reflector. Being an asymptotic approach, it is 
extremely fast, making it very suitable for optimization to arrive 
at the ideal geometry for the reflector surface curvature. This 
method illuminates the reflector surface with the feed radiation 
pattern defined in a file. This pattern can be obtained from a 
separate simulation or from measurements of the actual feed. 



The feed however is not physically modeled in the GO-mPO 
method. 

B. Higher Order Basis Functions Method of Moments 

The numerical engine used for the simulations is based on 
MoM applied to Surface Integral Equations (SIE). Instead of the 
commonly used triangular mesh, quadrilateral mesh elements 
are utilized in WIPL-D Pro. It is obvious that the number of 
mesh elements is nearly halved by the quads, as each quad 
comprises two triangles. Accordingly, when using the same 
approximation technique, the number of unknowns is inherently 
about two times smaller with the quad mesh. In addition, HOBFs 
allow very large quads, as large as 2 by 2 wavelengths. Working 
with elements of such a large size significantly reduces the 
number of mesh elements on each surface further reducing the 
total number of unknown coefficients [6] .  

Further reduction in simulation time is achieved by applying 
symmetry and a highly efficient GPU acceleration of all phases 
of EM simulation [7].  

III. COMPARISON OF METHODS 

As it was mentioned previously, the GO-mPO code was used 
to create the right reflector surface curvature for operation in the 
1 GHz to 40 GHz range. The surface curvature created by the 
GO-mPO software is imported into a commercial CAD software 
and then exported into a IGES file that is then imported into the 
MoM code. The model for the corrugated circular aperture feed 
and the absorber fence treatment is also input into the MoM 
code. Symmetry is used to reduce the number of unknowns 
necessary for a convergent solution. Figure 1shows the model in 
the MoM package. The model is for a rolled edge reflector 6.1 
m by 6.1 m with a focal length of 6.7 m. The center of the 1.82 m 
diameter and 1.82 m long cylindrical QZ is horizontally 11.18 m 
from the vertex of the reflector and centered on the range. The 
range is 9.14 m by 9.14 m in cross section and 19.5 m long. To 
compare the results of the two codes, the QZ amplitude taper, 
amplitude ripple, and phase variation, as defined in [2], are 
computed for three planes along the length of the QZ. On each 
plane a horizontal and vertical line is defined where the field is 
computed for each polarization. Hence a total of 12 “scans” are 
analyzed at each frequency.  

The GO-mPO code uses measured feed pattern data to 
illuminate the reflector. Because there is no physical feed in the 
simulation, the effects from potential interference of the field 
reflected from the reflector and the field radiated by the feed is 
not computed. Effectively the absorber fence around the feed is 
perfect, and it blocks the radiation from the feed that could 
directly enter the QZ. In the MoM approach, the reflector is 
illuminated by a model of the corrugated circular aperture feed 
and the surrounding absorber fence (as shown on Figure 2). 

To compare the results, the fields in the QZ are calculated 
using only the currents on the reflector while ignoring the 
currents on the feed and the absorber fence.  This effectively 
allows the comparison between both methods, however, there 
are still differences between the approaches. The currents solved 
on the reflector surface are induced by the field from the 
illuminating source and its surrounding absorber fence. These 
are some of the differences between what is modeled. There are 

also differences in the methodology. The GO-mPO code 
assumes the actual curvature when performing the analysis 
while the MoM code meshes the reflector as a series of 
quadrilateral patches, as shown on Figure 1.  

 
Figure 1. The model of the reflector and feed with absorber fence in 

the MoM solver 

 

The mesh is generated using the constraints evaluated in 

prior simulations. Previous simulations performed on rolled 

edge reflectors showed that there was little difference, 

indicating convergence, between setting the mesh size to 1.16λ 

and 0.5λ. to properly model the curvature, the maximum angle 

between the patches was set to 7.5°. Given these differences, it 

is not expected that the solutions match exactly but it is 

desirable to see a similar trend or behavior for the analyzed 

results.  

Figure 3 shows the data for the two methods compared in 

two separate plots. Each figure of merit is plotted for each of 

the 12 scans with a different color.  The values related to the 

amplitude are plotted on the left y-axis scale, and the phase 

related parameters are plotted on the right y-axis scale.  While 

the MoM solution shows a wider spread on the amplitude taper, 

the average of the results for the 12 scans at a given frequency 

is very similar for both methods. 

 

Figure 2. The feed and absorber fence model 



 Table I. Comparison of average amplitude taper for both 

methods 

Frequency 

(GHz) 

Average for 12 

scans PO 

Average for 12 

scans MoM 

1 .085 (dB) .112 (dB) 

2 .221 (dB) .243 (dB) 

3 .298 (dB) .363 (dB) 

4 .306 (dB) .335 (dB) 

6 .300 (dB) .325 (dB) 

Figure 3. Results for the compact range analysis for the two 

numerical methods 

Both plots show a similar trend for the amplitude ripple and 
for the phase variation. The MoM approach can calculate the 
field anywhere in the range. For the result shown in Figure 3, the 
fields use only the currents solved on the reflector. But the fields 
in the range can be obtained from the currents solved in all the 
boundaries in the model. Using all the currents, the fields can be 
solved around the feed. This provides an advantage over the GO-
mPO approach since the effect and effectiveness of the feed 
absorber fence can be calculated. This can be used to properly 
design a fence that will minimize  direct coupling between the 
feed and the quiet zone.  

Figure 4 shows the fields on a vertical plane that bisects the 
feed section. The fields on the cylindrical waveguide fed 
corrugated aperture feed are shown with the fence absorber (as 
shown in Figure 2).  The slight standing wave in the waveguide 
is shown. The fields show how the amplitude is greatly reduced 
once the energy penetrates the absorber. With levels dropping 
over 30 dB from the outside to the inside of the material. The 
back cut of the fence is clearly shown on the field distribution.  

 

Figure 4. Field distribution around the feed and absorber fence at 2 

GHz (Color scale is in dBv/m normalized to the highest field level in 

the slice) 

The back cut also shows the edge diffraction as the field is 
not perfectly shadowed behind the fence. In the following 
section, where the power flow over the entire range is presented, 
the diffraction at the edge can be seen on the power flow plots. 

IV. POYNTING VECTOR ANALYSIS 

Using the near fields calculated from the electric and 
magnetic currents in the MoM solution, the Poynting vector can 
be calculated in the CATR. The real component of the Poynting 
vector shows the power density flow in the range.  

Figure 5.  Poynting vector at 1 GHz 

Figure 5 through Figure 8 show the real part of the Poynting 
vector plotted on the central vertical and horizontal planes to the 
range. The plots are normalized to the highest level in the plane, 
which is at the feed location for the vertical plane. The plots 
clearly show the collimation of the radiation and the creation of 
a plane wave, demonstrated by the parallel power flow in the QZ 
area. 



 

Figure 7. Poynting vector at 4 GHz 

 
Figure 8. Poynting vector at 6 GHz 

The diffraction from the fence is also observed in the power 
flow plots. The plots provide an idea of the areas of the ceiling, 
floor, and lateral walls where the power is incident and based on 
the direction of the power flow, it provides an idea of the angle 

of incidence and the direction of the main bi-static reflection. For 
example, areas above the reflector have a very acute angle of 
incidence and the reflection will primarily be directed towards 
the back of the reflector. To better understand the necessary 
absorber on the range surfaces, the magnitude of the real part of 
the Poynting vector can be plotted on the range surfaces. 

V. ABSORBER SELECTION 

A. RF Absorber Modeling 

Prior to selecting absorber that should be used to treat each 
internal surface of the range by means of computing the amount 
of energy incident on the range surfaces, it may be desirable to 
calculate how much absorption various absorber materials can 
achieve. In [1] and [2] a series of equations were presented that 
provide an estimate of the bi-static reflectivity of pyramidal 
absorber material. As it was mentioned in [2], a series of finite 
elements (FEM) analyses were performed to gather simulated 
data for different pyramidal absorber sizes with different 
material properties. The results were then tabulated in terms of 
absorber height expressed in wavelengths and a series of curve 
fit exercises were done to arrive at the series of predicting 
equations.  These equations provide very conservative estimates 
and while they have been validated [8], it is possible to use the 
high order MoM approach to obtain better estimates of the bi-
static reflectivity. 

 

Figure 9. Model of a 24-inch pyramidal absorber wall using periodic 

boundary conditions 

 
Figure 10. Bi-static reflectivity of 24-inch pyramidal absorber from 1 

to 5 GHz for two polarizations and several angles of incidence 

Figure 6. Poynting vector at 2 GHz. 



The chosen MoM tool can incorporate periodic boundary 
conditions that allow the simulation of large surfaces of RF 
absorber. In Figure 9 the model of a single 24-inch pyramid is 
shown. This pyramid is 20 inches in height with a square base 
that is 8 inches by 8 inches. The pyramid sits on a base that is 4 
inches thick.  

The bi-static reflectivity at several angles of incidence for 
both principal polarizations of the field can be computed. The 
measured permittivity values were provided by the absorber 
manufacturer. Figure 10 shows the results of this analysis, the 
results show that especially for large angles of incidence the 
equations presented in [1] and [2] provide a good estimate with 
a safe margin. The margin is greater for smaller angles of 
incidence where the equations in [1] and [2] are set to a 
minimum reflectivity of -55 dB.  

To verify the code, 36-inch absorber was measured using the 
NRL-Arch described in [9].  The same absorber geometry 
reflectivity was computed using the MoM described in this paper 
using periodic boundary conditions. The measured permittivity 
values were provided by the manufacturer, together with the 
measured reflectivity of the 36-inch pyramidal absorber. The 
analysis was performed for the frequencies at which the absorber 
manufacturer’s NRL arch was set to operate. 

 

Figure 11. Measured and computed reflectivity for 36-inch pyramidal 

absorber 

The results in Figure 11 show very good agreement between 
the measurements of the 36-inch pyramidal and the computed 
results. The computations were done for both normal incidence 
as well as 10 degrees of incidence, as this was the angle required 
by the NRL arch to separate the transmit and receive antennas. 

B. Selecting the absorber for the different surfaces 

As it was mentioned in [1], knowing where the main 
illumination from the reflector is directed and how much of that 
illumination is incident onto the different surfaces of the CATR 
is the first step in determining the absorber layout of an anechoic 
range. Since the MoM solution can provide the field distribution 

anywhere from the currents at the boundaries of the different 
media, it is possible to obtain the fields at the location of the 
range walls and then compute the Poynting vector on those 
surfaces. 

 

Figure 12. Amplitude of the real part of the Poynting vector on the 

range surfaces at 6 GHz, expressed in dB related to the power density 

at the center of the QZ (both principal polarizations) 

Furthermore, it is possible to normalize the magnitude of the 
real part of the Poynting vector to the magnitude at the center of 
the QZ. This provides a value of the power on the absorber and 
allows the range designer to determine the type of absorber 
required to minimize the effects of reflections from range walls. 

 Figure 12 shows the plots of power levels at the ceiling, 
floor, and side wall at 6 GHz. (Only one side wall is plotted, 
since symmetry is used to solve the problem). The plots show an 
area on the ceiling and the side walls where the levels are around 
-10 dB compared to the center of the QZ. These areas are around 
the reflector and correspond to the direct illumination from the 
feed, and from the radiation from the rolled edges of the 
reflector. For the rest of the lateral surfaces, it can be seen that 
the levels are about -20 to -30 dB lower than the center of the 
QZ. As we move to the edges and to the back (wall opposite the 
reflector) the levels on the lateral surface drop to levels of -40 
dB and lower relative to the center of the QZ. 

Those areas with lower levels of illumination are ideal 
locations for HVAC vents and lights without having a 
measurable effect on the range performance. On the floor, some 
of those areas do not need to be treated, allowing for easier 
access to the mechanical positioners. 



It should be noted that the data in Figure 12 is just the real 
part  of the Poynting vector at the surfaces, not the direction. The 
data in Figures 5 through 8 show some of the direction on the 
power flow.  The direction of the power flow should be 
considered. The range dimensions can be used to calculate the 
average angle of incidence for the specular bounces from the 
lateral surfaces into the QZ. A dot product of the unit vector that 
describes the specular rays with the Poynting vector on the 
lateral surfaces can be performed as described in [1]. The result 
is the magnitude of the incident power onto the lateral surfaces 
that will be reflected in the bi-static direction into the QZ. Figure 
13 shows a plot of the power density relative to the level at the 
center of the QZ after the dot product with the unit vector in the 
specular ray direction is performed. The data shows that power 
levels incident onto the specular areas that will be reflected to 
the QZ are -30 dB or lower. The data in Figure 13 clearly shows 
that the back end of the compact range has very low levels of 
energy that will be reflected into the QZ. Thus, those areas of the 
floor can be left bare without absorber treatment.  However, it 
should be noted that there are still other reflections that need to 
be reduced. From the data in plots like Figure 12 and Figure 13, 
it is possible to come up with the most economical absorber 
layout that will reduce the reflected levels into the QZ to levels 
that will have negligeable effects on the antenna measurement 
being performed in the range.  

 

Figure 13. Amplitude of the real part of the Poynting vector after the 

dot product with the unit vector in the direction of the specular 

bounce 

VI. CONCLUSION 

The possibility of modeling the CATR geometry using MoM 
has been revisited.  In this paper we have shown that the 
approach provides similar results to the results obtained from a 
GO-mPO approach. Unlike previous analyses done that 
concentrate on the quality of the QZ, in this paper we explore the 
possibility of using the results to estimate the field levels at the 
range surfaces to better determine the absorber required to treat 
the range and minimize the reflections from the range surfaces. 
The possibility of using the methodology to optimize the design 
of the absorber fence used to block the direct coupling from the 
feed to the QZ has been introduced and future work will look at 
that optimization. The methodology shown has the potential to 
also analyze the bi-static reflectivity of RF absorber so that it can 
be used together with the reflector/feed/fence analysis to design 
the entire anechoic CATR. Future work will look at the 
possibility of introducing the RF absorber on the range surfaces 
to do a complete simulation of the CATR. 
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