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Abstract—There are many antennas and microwave analysis 

and modeling software packages available, each with its preferred 

computational approach. Sometimes some of the available 

packages can use different numerical techniques. It is always 

gratifying if the solutions are consistent. 

Conventionally at NSI-MI compact range (CR) performance is 

evaluated with a proprietary software tool that drives two 

different approaches depending on the type of edge treatment. 

Serrated edge reflectors are handled using a well-known 

commercial package based on Asymptotic methods such as 

Geometrical (GO), Physical Optics (PO) and Geometrical Theory 

of Diffraction (GTD). For rolled blended-edge reflectors, the tool 

calls on a GO and modified unified theory of diffraction (UTD) 

introduced by Ellingson, Gupta and Burnside [1]. UTD used the 

method introduced by. 

Recently, NSI-MI has been using a commercial package based 

on the Method of Moments (MoM) using higher order basis 

functions. This tool showed correlation with the GO and m-UTD 

approach introduced in [1]. The results were presented in [2]. 

While the Asymptotic methods are faster and can be used for quick 

optimization of the design, they are not suited for analysis of the 

feed fence interaction, the reflector absorber skirt that hides the 

support structure or the interaction with the antenna under test 

(AUT) positioner. The MoM based approach allows for these types 

of analysis [3,4]. The MoM package leverages techniques like high-

order basis functions (HOBFs), and sophisticated reduction 

methods. In this software a CR dish is modeled though the import 

of a CAD file that is used in the manufacture of the CR dish or is 

modeled within the software package GUI using its native CAD 

functionality. 

In this paper the quiet zone (QZ) performances predicted by 

the commercial package using asymptotic techniques and those 

predicted by the MoM-HOBF package are compared for a typical 

serrated CR dish. The QZ performance is determined by a set of 

metrics driven by amplitude and phase flatness along one-

dimensional cuts across two lateral and orthogonal axes centered 

at the center of the QZ as recommended in [5]. The results show 

that with the proper meshing constraints the performances 

modeled by the asymptotic approach and the MoM-HOBF are 

consistent and comparable for the cases presented in this. The long 

history of predictions that match the measured results upon 

implementation on the field of reflector designed by the asymptotic 

technique means that the MoM results can be used to accurately 

predict the performance of ranges while analyzing the effects of 

fences, skirts and the absorber on the AUT positioners that the 

MoM tool allows 

Index Terms— Numerical Methods, Compact Range Design, 

Quiet Zone Analysis, Range Design 

I. INTRODUCTION 

Electromagnetic computational techniques keep improving 
and they have become a critical tool in the design  and analysis 
of measurement systems and facilities. Not only CR [2] but also 
for near field ranges [6] and for absorber treatment of positioners 
[7]. These analysis reduce the risk during the implementation of 
measurement facilities, but also can be used to help estimate 
uncertainties [8,9]. In the same way that not all measurement 
approaches are ideal for every antenna, numerical techniques 
may be better suited for one type of problems than others. A 
planar near field  system is ideal for very high directivity 
antennas, but it is not suitable for  omnidirectional antennas or 
low directivity antennas. Similarly, Asymptotic methods that 
approach the problem as waves propagating as rays (optical 
approach) such as GO, PO and GTD, are ideal for large 
structures such as CR reflectors. These methods are also very 
fast and efficient.  

In [2] the results from a HOBF-MoM approach was 
compared with the results from the approach used by Ellingson 
et al. [1]. The approach presented in [1] is mainly used for 
blended roll-edged reflectors. In this paper serrated edge 
reflectors are analyzed using the HOBF-MoM approach and 
compared with Ticra GRASP, a well-known commercial tool 
that uses PO among other optical techniques to analyzed 
reflectors.  The goal is not to select one approach over the other. 
Much like different measurements techniques, each approach 
has a place in the toolbox of the engineer. GRASP has been 
proven over and over as a great tool, and this is not the first time 
that it is compared with MoM approaches [10] but it has some 
limitations. The HOBF-MoM approach may be better suited to 
simulate the CR reflector with  absorber treated positioners and 
feed antennas with the absorber fence [2]. In figure 1 the power 
density in dB, computed from the currents solved using the 
HOBF-MoM approach, from a reflector in the presence of a 
AUT positioner as well as the feed positioner and feed antennas 
is shown. The power density is plotted in dB related to the power 
density at the center of the QZ. The simulation is performed at 2 
GHz. 



 

Figure 1: HOBF-MoM analysis of a CR with a feed antenna on 
a feed positioner and a roll over elevation over mast over slide 
over azimuth over elevation over a slide, AUT positioner 
treated with RF absorber. 

The results from the type of simulation performed to 
generate the data in figure 1 can be very useful in  helping 
treating the different areas of the range with absorber or to  
estimate the potential effect of some structures in the range on 
the QZ parameters. The first step, is to make sure that the 
reflector is correctly model, and for that, the mesh has to be ideal 
for modeling the reflector, and then the results have to be 
compared to the GRASP analysis.  

 

II. MESH OPTIMIZATION 

The HOBF-MoM tool used is the same commercial code 
used in [2]. This code uses flat quadrilateral patches to mesh the 
geometry. Thus, the  parabolic curvature of the CR reflector is 
approximated with flat pieces. The asymptotic method uses  
patches that preserve the parabolic curve, making that approach 
more accurate on simulating the reflector. In [2] a series of 
analyses had shown that quadrilateral patches with a size less 
than 1.16λ were sufficient to model the reflector, indeed  setting 
the maximum size of the patch to 0.5λ dis not show any changes, 
provided that the angle between the patches did not exceed 7.5°. 
The simulations are performed in a  workstation with 16 cores 
and 32 logical processors with 1032 GB of RAM. The 
workstation has two GPUs (Nvidia RTX 6000 Ada with 49139 
MB of RAM and 142 multiprocessors). 

A reflector with a focal length of 72 inches and a body that 
is 72 inches by 72 inches with 14-inch serrations around the 
perimeter was simulated. For these simulations, the feed used 
was the pattern of a feed antenna compute in separate simulation. 
This is the same approach used in [2] to avoid the direct coupling 
between the feed and the QZ. The geometry of the reflector is 
shown on Figure 2. 

Simulations were performed at 2 GHz to find what are the 
ideal mesh constrains. The size of the quadrilateral patch size 
was changed from 2λ to 0.5λ. similarly the angled withing 
patches was changed from 30 degrees to 1 degree. The field 
distribution in dB across the QZ was computed for each mesh. 
Figure 3 shows the results of this meshing analysis. The results 
on figure 3 show that for 2λ and for 1.5λ show significant 
variation as the angles between patches is constrained to a 
different maximum value. When the quadrilateral patch is set to 
a maximum of 0.5λ the results for the QZ fields are 0.025dB of 
each solution. Regardless of the angular constrain between the 
patches. For quadrilateral patches of 1λ with the angle between 
patches set not to exceed 2° or 1° the results also are within 0.025 
dB of the 0.5λ quadrilateral patches with different angular limits 

set between the patches. figure 4 shows the detail of these results 
that are converged. 

 

Figure 2: The geometry of the reflector being analyzed shown in 
different views. 

 

The case with patches limited to 1λ and 2° between patches 
had a total of 1993 patches containing 19099 unknowns. The 
execution time was 59.04 seconds. The 0.5λ and 30° maximum 
between patches which used 2218 patches, but because these 
patches were electrically smaller, the total number of unknowns 
was 17009. The total execution time however was 105.11 
seconds. 

 

Figure 3: QZ fields for different mesh definitions of maximum 
patch size and maximum angle between patches. 

Based on these analyses, the mesh is set to have 1λ maximum 
size for the quadrilaterals and 2° maximum angle between the 
patches. The mesh is shown on figure 5. 

 



 

Figure 4: Detail of the results in figure 2. Showing results that 
have converged as no difference larger than 0.025dB exists. 

 

Figure 5: The mesh for the analysis at 2 GHz using the HOBF-
MoM tool. 

III. COMPARISON TO GRASP 

The same reflector modeled above is also modeled using 
Ticra GRASP. The field on a horizontal line located 2/3 focal 
lengths form the focal point (48 inches) is computed. The length 
of this line is 36 inches. On Figure 6, the amplitude of the field 
computed using HOBF-MoM and Ticra GRASP is shown. The 

biggest difference is less than 0.25 dB and the period of the 
interference pattern in the QZ is very similar for the two solvers. 
For the field distributions on figure 6 the QZ parameters as 
defined in [5] are computed. In Figure 7 the QZ metrics are 
compared. While the two solvers used the same feed pattern, the 
actual patters may be slightly different which will account for 
the different amplitude taper. The amplitude taper for the HOBF-
MoM solver is consistently lower than that on the GRASP 
solution. The amplitude ripple on the other side is slightly larger 
for the HOBF-MoM that for the GRASP solution. This could be 
due to the discretization of the reflector. In either case, the 
difference is less than 0.1dB between the two solvers. 

The Phase variation is more different, but it shows only a 
difference of 2.5 degrees between the two solvers. 

 

Figure 6: Comparison of the horizontal scan vertical polarized 
field across the QZ. 

 

Figure 7: Comparison of the QZ metrics for different meshing 
settings and for the GRASP solution. 

IV. CONCLUSIONS 

The results show similarities between the two methods as was 
the case in [2] and [10].  While in [10] there was not a clear 
quantitative comparison. In the present paper it have been shown 
that  the results show a difference of less than 0.1dB for the 
amplitude taper and less than 0.1dB for the for the amplitude 
ripple. For the phase taper the difference is less than 2.5 degrees. 
These results validate the use of the HOBF-MoM approach for 
modeling CR reflectors. The MoM approach can be used to add 
additional items to the simulation such as absorber fences, and 
AUT positioners as it is shown on the field distribution in figure 
1. The Asymptotic methods used by TICRA or the approach 
introduced in [1] are still faster and are used to optimize the 



reflector shape (size, and edge treatment). The results of the 
optimization (i.e., the geometry of the reflector) are then used in 
the MoM approach to analyze the effects of other structures. The 
results of this investigation provide a level of the differences 
between the two approaches.. 
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