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Abstract Ð The National Institute of Standards and 
Technology has been using commercial robotic arms to 
characterize antenna gain and radiation patterns. The transition 
from custom antenna hardware to commercial robotics has 
opened up new capabilities but has also highlighted some issues 
that need to be addressed to ensure full confidence when using 
these systems.     

Index Terms — Antennas, Calibration, Gain, Metrology, 
Near-Field, Pattern, Robotics. 

1. Introduction 

The use of commercial robotics for measuring radio-
frequency (RF) to milli -meter wave (mmWave) emissions and 
patterns is starting to leave research testbeds and entering 
main stream antenna testing [1]-[4]. There have been multiple 
groups measuring antenna performance, and characterizing 
the suitability and ease-of-use of coordinated-motion robotics 
for antenna measurements, see Fig.1 [3]-[8]. Antenna 
measurements up to 330 GHz have been reported, Fig. 2 [6], 
robot-mounted integrated sensor suites, which measure more 
than just antenna performance, have been demonstrated up to 
18 GHz using a low-cost arm [7], and suitability for scanning 
geometries up to 500 GHz has been proposed when combined 
with external spatial metrology [3]. 

As more systems are being demonstrated, there is greater 
scrutiny being paid to performance, speed, safety, and general 
operability with other equipment. Individual design 
requirements show differences in optimized features, e.g., 
implementations that require a high degree of spatial 
knowledge to limit uncertainties in low signal-to-noise (SNR) 
parts of the pattern, may use spatial metrology to infer antenna 
positions at varying cost and complexity while systems that 
are optimized for throughput or lower frequency operation 
forgo these additional costs [8]. 

2. Design Considerations When Using Commercial 
Robotic Arms 

Compared to traditional stacked-stage antenna 
measurement systems of approximately similar scan size, 
commercial serial-robotic arms on the surface can seem to 
have larger positioning errors which could limit their usability 
for antenna measurements, especially at mm-Wave 
frequencies [8]. Most commercial robotic arm systems are 
designed to operate in arbitrary poses over large volumes, 
moving large payloads at high speed in continuous operation 
and doing these tasks repeatably. In our case, accuracy is 

typically more important than speed, so we need to assess how 
to properly utilize robots for antenna measurements. 

Some of the factors that affect antenna performance results 
include: antenna and probe positioning accuracy and 
mechanical repeatability, signal repeatability, scan volume, 
and coordination with other pieces of equipment (for example, 
the robot, RF and spatial measurement equipment).  

(1) Accuracy and repeatability 
Antenna ranges can use errors in probe position relative to 

the antenna under test (AUT) to assess gain and pattern 
uncertainty.  A rule of thumb is that for a 20 dBi gain antenna, 
to achieve a noise level due to positioning errors of -50 dB, a 
position accuracy of ! /50 is required (where !  is the operating 

 
Fig. 1. The Dual-Arm Large Antenna-Positioning System at 

NIST. 
 

 
Fig. 2. A robotic arm antenna system with absorber treatment 
at ULM University [6] (Photo courtesy of ULM University, 
Germany). 
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