PracticalConsiderations WhendihgCommercial
RoboticArms for Antenna Mérology

David R. Novotny, Joshua A. Gordon
Communicatios Technology Laboratory, Nationaistituteof Standards anflechnology, Boulder, CO, USA

Abstract B 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)o milli-meter wave (mmWave@missions and
patternsis starting to leaveresearchtestbeds and entering
man stream antenna testifij-[4]. There have been multiple
groupsmeasuring antenna performanead characterizing  gjq 1 The pualArm Large AntenndPositioning System ¢
the suitability and easef-useof coordinateemotionrobotics NIST.
for antenna measuremats see Fig.1 [3]-[8]. Antenna
measurementsp to 330 GHzxave been reporteéfig. 2 [6],
robotmountedintegrated sensor suiteghich measurenore
than justantenngperformancehave leen demonstratag to
18 GHz using dow-costarm[7], and suitabilityfor scaming
geometriesup to 500 GHz has be@noposedvhen combined
with external spatial metrolod3].
As more systems afgeing demonstratedhere isgreater
scrutinybeing paid tgerformance, speesdafety and general
opeaability with other equipment. Individual design
requirementsshow differencesin optimized features, e.g.
implementationsthat require a high degree of spatial
knowledgeto limit uncertaintiesn low signatto-noise (SNR)
parts of the pattern, may use spatietrology to infer antenna
positionsat varying cost andcomplexity while systems that Fig. 2 A robotic arm antennaystemwith absorber treatme
are optimized for throughpuir lower frequency operation at ULM University [6] (Photocourtesyof ULM University,

forgo theseadditionalcostg[8]. Germany.
2. Design Considerations When Using Commercial typically more important thaspeed, so we need to assess how
Robotic Arms to properly utilize robots for antenn@asurements.

Some of tle factorsthat affectantenna pdormance results
include: antenna and probepositioning accuracy and

echanicalrepeasbility, signal repeatabilityscan volumg
andcoordination with other pieces of equipment (for exampl
therobot, RFandspatialmeasuremergquipment

Compared to traditional stacksthge antenna
measuremensystemsof approximately similar scan size
commercial seriatobotic armson the surface can seem t
have largepositioning errorsvhich could limittheir usability
for antenna measurements especially at mrwWave
frequencieq8]. Most commercialrobotic armsystems are (1) Accuracy and repeatability
designed to operate in arbitrary pose®r large volumes  Antennaranges canuseerrors inprobe position relative to
moving large payloaglathigh speed in continuous operatiorthe antenna under test (AUT) assesgain and patter
and doing these taskgpeatably In our case, acuracyis uncertainty A rule of thumb is that foa 20 dBi gain antenna,

, ) to achievea noisdevel due to positioning errorsf -50dB, a
US Government workgotsubjectto U.S. copright positionaccuracy ofl /50 is requiredwhere! is the operating






