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Abstract— In any antenna measurement, the antenna under 
test (AUT) must be positioned in front of the range antenna.  

Positioners are typically made from metal or dielectrics. 
Regardless of the material, they will reflect and diffract the 
electromagnetic waves and influence the measurement. It is 

common to cover them in RF absorber. However, RF absorber 
is not perfect, and it will also influence the measurement. In this 
paper, several treatments of absorber on a roll over azimuth 

AUT positioner are analyzed. The range is a spherical near field 
range, with an open-ended waveguide (OEWG) illuminating the 
AUT. The analysis shows that sometimes a minimal absorber 

coverage is sufficient to get accurate measurements within a 
given uncertainty level.  

Index Terms—antenna measurements, RF absorber, 

measurement uncertainty. 

I.  INTRODUCTION 

During an antenna pattern measurement, the AUT is 

rotated to present different directions to the range antenna and 

that way measure the radiated intensity versus direction. AUT 

positioners can be manufactured out of dielectric materials to 

minimize their effect on the measurement, but even Styrofoam 

has been shown to be reflective at certain frequencies [1]. For 

physically large and heavy antennas the positioner is built out 

of metal, see Figure 1. 

 

 

Figure 1. A physically large AUT positioner. 

In the case of metallic AUT positioners like the one shown 

on Figure 1, to minimize their effect on the measurement is 

common to cover them in RF absorber. However, sometimes 

the coverage with RF absorber goes to the extreme and in 

some cases the amount of absorber may have a detrimental 

effect on the measurement when compared to a lighter and 

more strategic placement of the treatment. Figure 2 shows a 

metallic AUT positioner with an extreme coverage of RF 

absorber. 

 

Figure 2. An AUT positioner with extreme coverage of RF absorber. 

In this paper a higher order basis function method of 

moments (HOBF-MoM) approach is used to model the 

positioner on a half rotation in front of the range antenna, an 

OEWG. This approach was recently used to design the 

absorber coverage for a spherical near field using a movable 

probe or range antenna [2]. The filed distribution on the quiet 

zone (QZ) is computed. Additionally, the near field patterns 

of an OEWG and a standard gain horn are computed for 

different absorber treatments to see their effect compared to a 

theoretical ideal case with an invisible AUT positioner.  

 



II. NUMERICAL ANALYSIS 

A. QZ field analysis 

A total of six cases are analyzed. The model is based on a 

70 cm diameter QZ, or maximum radiating sphere, spherical 

near field (SNF) system. The range antenna, a WR-284 open 

ended waveguide is located at 178.3 cm from the center of the 

QZ, which corresponds to the center of rotation of the azimuth 

positioner. The frequency of analysis chosen is 2.6 GHz (the 

low end of the WR-284 waveguide. The models range from 

the baseline of no absorber on a positioner to a fully covered 

positioner. The absorber used is a 5-inch (12.7 cm) pyramidal 

where the square base of the pyramid is 5.08 cm by 5.08cm 

with a height of 10.16 cm. The pyramid rests on a base with a 

2.54 cm thickness. The absorber material properties at 2.6 

GHz are εr =1.61 + j1.41. The properties are not arbitrary, they 

are measured values for absorber provided by one of the RF 

absorber manufacturers. Figure 3 shows the different 

configurations being analyzed. 

 

Figure 3. Different absorber treatments of the AUT positioner being 

analyzed. 

Figure 3 a) shows a simplified model of a typical roll over 

azimuth positioner, that is modeled as perfect electric 

conductor (PEC). Figure 3 b) shows the simplest coverage 

which a priori knowledge of electromagnetics points to be the 

minimum required. Figure 3 c) shows a similar simple 

coverage but slightly wider to allow for covering additional 

cables and to shadow the metal structure. Figures 3 d) and 3 

e) are smaller modifications of figures 3 b) and 3 c) where the 

front of the positioner has been covered. Figure 3 f) shows a 

fully covered positioner like the coverage shown in Figure 2.  

Figure 4 shows the Positioner as it is rotated. Figure 4 

shows the positioner at the azimuth varying from 0° to 180° in 

30° steps, but the simulations were performed for 15° steps. At 

each rotation step the field in the QZ is computed. The 

simulations were repeated for the orthogonal polarization.  

For simplicity the azimuth position of 45° is chosen to 

show the plane x=0 which bisects the QZ.  The QZ is a 70cm 

diameter sphere. The total field magnitude is computed on a 

plane for each of the different absorber configurations. Figure 

5 shows the results for the vertically polarized probe.  

In Figure 5, it is noticeable that the absorber layouts in 

Figure 3 b) and Figure 3 d) are virtually identical, so are the 

absorber configurations in Figure 3 c) and Figure 3 e).   

 

 

Figure 4. Views of the model showing the rotation of the positioner every 

30°. The plane where the field is solved is shown for the positioner at 45°. 

 

Figure 5. Total field distribution for vertical polarization on the plane 

orthogonal to the range that bisects the QZ for the different configurations 

on Figure 3. The AUT positioner is at azimuth = 45°. 

Thus, covering the front of the positioner has almost no 

effect on the QZ field distribution. The bare metal positioner 

has magnitude variations across the QZ of more than 3 dB, 

reaching 7 dB of variation. The configuration on Figure 3 f) 

exhibits variations in the QZ field close to 2.5 dB. Thus, more 

absorbers do not mean a better QZ field distribution, nor does 

it mean that a better measurement is achievable. The 

configuration in Figure 3 b) shows a variation of under 1dB 

across the QZ, while the configuration shown in Figure 3 c) 

exhibits a variation across the QZ that is less than 0.75 dB. 

While it is true that Figure 5 only shows a single angle, the 

same is typically seen for all other angles of rotation analyzed. 

The analysis of the computed pattern of antennas in front of 



these positioners done in the next section supports this 

conclusion. 

The orthogonal polarization shows larger variations on the 

QZ than what the vertical polarization exhibits. However, the 

conclusions from the vertical polarization still hold for the 

horizontal polarization case. As Figure 6 shows, the small 

absorber coverage of the front of the positioner has little effect 

on the field distribution and the configuration in Figure 3 f) 

has the largest variation in amplitude across the QZ. For this 

polarization, the configuration on Figure 3 c) exhibits a 

variation of about 1 dB across the QZ, while the configuration 

in Figure 3 b) shows a variation of about 1.5 dB.  As 

mentioned above. Figures 5 and 6 only show the results for 

one of the angles of rotation that were computed. In general, 

all the angles followed the same pattern. As the rotation angle 

approaches 180° the blockage from the upright section of the 

positioner affects the illumination of the QZ. In those cases 

the configuration in Figures 3 b) and d) have better results than  

the configurations in Figures 3 c), e) and f).  

 

Figure 6. Total field distribution for horizontal polarization on the plane 

orthogonal to the range that bisects the QZ for the different configurations 

on Figure 3. The AUT positioner is at azimuth = 45°. 

B. Pattern Analysis 

Two get a better understanding of the effect of the absorber 

coverage on the measured antenna patterns. Two cases are 

modeled. For one of the cases, an OEWG, like the range 

antenna, is set as the AUT. The other case has a standard gain 

horn (SGH) with a nominal gain of 18.5 dB [3] as the chosen 

AUT. The AUT and the positioner are rotated in front of the 

range antenna every 5 degrees and the S21 between the 

excitation port on the range antenna and the port of the AUT 

is recorded at each angle. Both principal polarizations of the 

AUT are computed. Each case is compared to an ideal case 

with no positioner, where the AUT is rotated in free space. 

Figure 7 shows the OEWG case for both principal 

polarizations. The patterns have been normalized to the free 

space case with no positioner. 

 

Figure 7. Computed patterns for an OEWG in the presence of the different 

positioner absorber treatments, normalized to the case with no positioner. 

 The data show that the worst error is for the case with no 

absorber (Figure 3 a)) but, also for the H plane case, when the 

E field is vertically polarized, the fully treated positioner in 

Figure 3 f) shows significant error. For all configurations, the 

back lobe cannot be measured since it is blocked by the 

mounting system, but for the front lobe a 0.5 dB error is shown 

for the treatment shown in Figure 3 f). Figure 8 shows the 

difference in dB between the ideal case and the different 

configurations in Figure 3 the data is shown only from 0 to 

180 degrees for clarity. Since the AUT is symmetric there is 

no difference for both halves of the rotation. Like the 

configuration with no absorber, the case with the most 

absorber (Figure 3 f)) also has the largest difference even in 

the front hemisphere of the pattern. 



 

 

Figure 8. Difference in dB between the different configurations and the ideal 

case. 

When repeating the analysis for a more directive antenna 

(about 10 dB higher directivity for the SGH than the OEWG) 

the effects of the positioning equipment are not as dramatic as 

what we see for the lower gain antennas. Figure 9 shows the 

patterns of the SGH for both principal polarizations 

normalized to the ideal case with no positioner present. The 

difference between the different traces is not visible. When we 

plot the difference in dB in Figure 10 the error can be seen and 

for most of the front hemisphere of the pattern the error is in 

the tenth of a dB for all configurations including the positioner 

with no absorber coverage. 

The data plotted on Figure 10 shows that there is not much 

benefit from the additional absorber used on the 

configurations shown on Figure 3 c) though 3 f). Thus, a 

minimal coverage that is shown in Figure 3 b) can provide a 

very small amount of error to both the medium gain antennas 

such as a OEWG and for higher gain antennas such as a SGH.  

III. CONCLUSION 

As is the case in modernist and minimalistic architecture, 

when designing RF absorber treatment “less is more” as 

Ludwig Mies van der Rohe used to say, maybe apocryphally. 

The results presented suggest that when designing the 

coverage, the potential direction of the reflected and diffracted 

energy must be understood, and only the areas where that 

reflection and diffraction are going to affect the QZ field 

distribution should be treated. Adding additional absorbers 

may not only be a waste of resources, but also may create 

additional blockage and or diffraction and reflections that will 

affect the QZ distribution. The results for the patterns of 

medium and high gain antennas clearly demonstrate the 

detrimental effect of extreme coverage. Additionally, a 

methodology has been presented that can be used during 

uncertainty analyses to help evaluate potential uncertainty of 

measurements. 

 

 

Figure 9. Computed patterns for an OEWG in the presence of the different 

positioner absorber treatments, normalized to the case with no positioner. 
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Figure 10. Difference in dB between the different configurations and the 
ideal case. 


