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Abstract—Industrial-robot-arm based antenna measurement 

systems have become popular in recent years due to their 

flexibility to measure over different surfaces allowing the system 

to do planar, spherical and cylindrical, as well as non-canonical 

surfaces using newer methods to get the far field from calculated 

currents around the antenna under test (AUT). But their flexibility 

may be limited by the RF absorber coverage used. In this paper, 

the authors explore the potential scattering from the robotic arm 

in different positions and its effect on the probe illuminations. 

Numerical experiments are conducted to explore the need for RF 

absorbers at low frequencies in the UHF band.  Results show that 

like in standard positioners, more absorbers are not necessary and 

for the UHF band, RF absorber coverage is not needed on the arm 

section closer to the probe. At higher frequencies, treatment of the 

second section of the arm may be required.  

I. INTRODUCTION 

Technically all scanners and positioning systems used in 
near-to-far-field scanning are robotic systems. There are motors 
that are controlled from a computer, and they may or may not 
provide feedback on their position. These motors position the 
probe at specific locations and move parts of the scanner or robot 
along or around a series of axes. In this paper, however, a robot 
for near-field to far-field antenna measurements refers to 
multiple-axis industrial robots. These industrial robots, which 
would normally support tools or spray heads for painting, will, 
in this application, support probes to sense the electric field in 
the near-field region of an AUT. The first mention of a robot 
arm for near-field testing appears in [1], in which Snow et al. 
presents a robot arm that performs a planar scanner for an X-
band antenna. The next discussion and use of a robot for antenna 
measurements is done by NIST [2-4].  Here, an off-the-shelf 
industrial robot is used for antenna measurements. The first 
commercially available system for antenna measurements 
described in the literature is in [5]. One of the complex issues 
with industrial robots is to minimize their effect on the 
measurements. Typically, this is accomplished using RF 
absorber to treat the surfaces of the robot, however, the treatment 
must be such that it does not hinder the flexibility of the robot to 
manipulate the probe. In this paper numerical analyses are 
performed to understand the effect of the arm on the probe 
illumination with and without RF absorber treatment.   

II. PROBE ANALYSIS 

The first step of the study is to select a couple of probes to 
use. These probes will have their illumination analyzed in the 
near field by themselves with their standard RF absorber collar. 
For higher frequencies a typical open-ended waveguide 
(OEWG) is used. For the lower frequencies, a dual-ridge horn 

antenna is used. The dual ridge horn is the standard used for 
MIL-STD-461 G [6]. Figure 1 shows the two probes being 
considered. The OEWG probe is a WR-340 intended to model 
the effect of the robot arm at 2.75 GHz, while the dual ridge horn 
is used for modeling at 300MHz and 500 MHz. The absorber on 
the OEWG is 12-inch (30.5 cm) pyramidal, while the dual ridge 
horn uses 18-inch (45 cm) pyramidal absorber. 

 

 
Figure 1. the model for an OEWG (a) with the absorber collar, and a dual ridge 

horn antenna (b) with the absorber treatment. The OEWG has 12-inch 

pyramidal absorber while the dual ridge horn uses 18-inch pyramidal absorber. 

The probes were analyzed using a commercial method of 
moments (MoM) package. The normalized patterns at the 
frequencies of interest are shown in Figure 2. 

 
Figure 2. Normalized radiation patterns for the dual-ridge horn at 300 and 500 

MHz (a), and the OEWG at 2.75 GHz (b). 

  In addition to the patterns the field in the proximity of the 
probes can be computed. The field computed for the probes can 
be taken as the incident field. These results will serve as a 
baseline prior to placing the robotic arm close to the probe. 

 

III. EFFECTS OF THE ROBOT ARM 

The structure of the robot arm can then be placed in 
proximity to the probe and the field in the proximity of the probe 



can be computed. The Robotic arm model is based on a 
Motoman GP35L Robot. Using the field for the probe without 
the robot arm as the incident field and then subtracting that 
incident field from the total field computed when the arm is 
present gives an indication of the effect of the arm on the probe 
illumination. The computation can be done with and without 
absorber on the arm and for different positions of the arm. For 
simplicity on this paper, four orientations of the arm will be 
assumed. These positions are shown on figure 3. 
 

 
Figure 3. Different positions of the robotic arm in relation to the probe. 

As is shown in Figure 3, the probe can be polarized and two 
of the articulations can be changed to position the probe at 
different positions. Figure 4 shows the total field for one of the 
orientations of the arm, and the scattered field from the arm, 
obtained by subtracting the field from the probe without the arm 
form the total field, as described above. The data show that the 
field scattered from the arm in the boresight direction of the 
probe is in the 4 to -4 dBµV/m while the total field in that direction 
is in the 54 to 36 dBµV/m. That is, the effects of the arm (at this 
frequency of 300MHz and for this polarization and orientation 
are very minimal even without any absorber on the arm. This 
similar analysis can be done for other positions of the arm as 
well as other frequencies as mentioned above. Similar results for 
500 MHz are shown in Figure 5. While the scattered field is a 
bit higher to the side of the aperture the total field appears very 
symmetric and the levels in the boresight direction for the probes 
are in the 4 to -12 dBµV/m range. The total field appears very 
symmetrical despite the asymmetry of having the bare robot arm 
to the side of the probe. The symmetry of the illumination of the 
dual ridge probe indicates that the effect of the bare robot arm 
for this polarization and arrangement is also very small as it was 
for the 300 MHz case.  The variation of the scattered field is 
larger at 500MHz, and it shows at 300 MHz. This should be 
obvious as the structure of the robot is becoming electrically 
larger. The analysis of the OEWG probe will show if this trend 
continues as it is expected. 

 
In Figure 6 the same analysis is conducted at 2.75 GHz with 

an OEWG shown in Figure 1a. Figure 6 shows that for the total 
field, towards the negative x-axis, there is a ripple caused by the 
reflections from the arm. However, when we look purely at the 
difference between the probe by itself and the probe with the 
arm to get the effects of the arm Figure 6 shows that the levels 
of reflected field are in the -10 to -26 dBµV/m while the total fields 

are in the 10 to 14 dBµV/m thus, the scattered field is at the worst 
case -20dB down from the field radiated from the probe. Both 
the total field near the probe for either of the probes analyzed are 
not significantly affected by the untreated arm, at least for this 
orientation.  

 

 

Figure 4. The total field from the dual ridge horn and the scattered field from 

the robotic arm. 

It should be noted that these three cases presented have the 
probe polarized so that the field is oriented in the same direction 
as the arm. This is the orientation where more effect is expected 
as the E field is aligned with the length of the robot arm sections. 
Another particular about this orientation is that the robot arm is 
behind the probe. The other geometry that is analyzed has the 
lower section of the arm to the side of the probe.  



 

Figure 5. The total field from the dual ridge horn and the scattered field from 

the robotic arm at 500MHz for the same geometry as Figure 4. 

Figure 7 shows second geometry being analyzed together with 

the total field at 300 MHz. The probe field can be compared to 

the probe total field in Figure 4. The two total fields are very 

similar where a potential AUT would be placed. Figure 8 shows 

the same geometry at 500MHz. The data can be compared to 

the data on Figure 5. As was the case for 300MHz, the robot 

arm to the side has very small effect on the illumination of the 

probe. 

 

 

Figure 6. The total field from the OEWG and the scattered field from the robotic 

arm. 

The data can be compared to the data on Figure 5. As was the 

case for 300MHz, the robot arm to the side has very small effect 

on the illumination of the probe. This is not the case for 2.75 

GHz, where the presence of the arm to the side has significant 

effect (see Figure 9). 



 
Figure 7. Arm in the second position analyzed at 300 MHz. 

 
Figure 8. Arm in the second position analyzed at 500 MHz. 

The plot in Figure 6 has already show that at these higher 

frequencies the effect is stronger although still usable when the 

arm is behind the probe (as is the case on planar near field 

applications) 

 
Figure 9. Arm in the second position analyzed at 2.75 GHz. 

IV. CONCLUSIONS 

The authors have presented a preliminary study of the effects 
of the robotic arm on the probe illumination. It should be noted 
that some of the lower parts of the typical robot arm, such as the 
pedestal, have been omitted. The pedestal is easily treated with 
absorber, and since it is the main support of the entire arm it does 
not move allowing for easy treatment of it to minimize its effect. 
The simulations have been limited to frequencies in the UHF 
range. The results show that the sections of the arm closer to the 
probe do not need treatment. And only the other sections of the 
arm require treatment for frequencies in the upper L-band and 
above, where treatment on the 3 to 4 inch thickness range should 
provide sufficient additional reduction of the reflected fields.    
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