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Abstract — The demand for rapid production testing of phased
array antennas necessitates agile solutions. During the past 5
years robot based near-field measurement systems have evolved
and become increasingly used in the testing of phased array
antennas. Robotic positioning systems offer greater positioning
range and flexibility than traditional scanning systems by allowing
the use of different test tools and geometries. These benefits allow
for faster and more efficient testing. For all the benefits they bring,
robot-based systems have different facility interface and safety
requirements that must be considered as part of specifying them
for a particular test application. This paper provides a high-level
comparison between traditional, and robot based near-field
scanner systems and provides a high-level summary of the key
benefits, limitations and unique attributes of robotic systems
specifically focused on phased array production testing
applications. It also provides an example of how a robotic system
was implemented to test phased array tiles for one application.

Index Terms — Antenna, Test systems, measurement,
calibration, robot, safety.

I. INTRODUCTION

Robotic motion systems are being offered by an
increasing number of test solution providers. These robotic
systems are provided in both stand-alone and/or coupled to
more traditional motion stages as part of hybrid
configurations. Robot based systems provide a number of
advantages over traditional X-Y near-field scanners,
especially in areas of production test where the tests are of a
repetitive nature and involve execution of different test
modes. Production testing of phased array antennas is a
particular area where the flexibility of a robotic solution has
distinct advantages. Phased array testing often involves
multiple steps that involve amplitude and phase tuning of
individual array elements, checking the ability of the array to
accurately steer one or more transmit and/or receive beams,
checking co and cross polarization components, etc.

The initial setup requires the array be connected to the test
station. These connections provide control, radio frequency
(RF) and power to the array and may also provide cooling or
other services depending on the test objective and design of
the array. The alignment of the array relative to the test
system is also important. The tools and procedures for
aligning the array with the test system depend on where the
mechanical references are located. Often, the frame housing
the array includes locating features such as reference holes,
tooling balls, monuments or machined surfaces that provide
a mechanical reference. These reference points are typically

accessible from the front or radiating part of the array and
accessible by the test system once the array is mounted.

The testing process often requires different probe types
positioned in different locations relative to the array to cover
the full frequency band of the array. These may include
probes with spring loaded isolating skirts for performing
amplitude and phase tuning of individual elements, linear
polarized open ended waveguide probe antennas, wide band
dual polarized probe antennas as well as other types of probes
depending on the test requirements.

To minimize test time, these various measurement
devices need to be accurately parked or moved over the array
as part of the testing process. Robots can swiftly and
accurately position measurement devices and with the right
hardware, they can also quickly and safely exchange one
measurement device with another. In addition, because a
robot offers an expanded positioning space, test probes or
other calibration/validation tools can be positioned. Fig 1
shows the typical configuration of a 6-axis robotic system.
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Fig 1: Typical 6-axis robot system.

II. ADVANTAGES OF ROBOT BASED SYSTEMS

The advantages robotic systems offer as compared to X-
Y positioning systems are as follows:

A. Expanded Range of Motion

The expanded range of motion enables a robotic system
to implement a wider range or test processes that support
different test and calibration methodologies. Element
calibration using park-and-probe positioning, on the fly near-
field scanning and the ability to position a probe or test



antenna in the quasi far-field region can easily be
implemented using a robot based system.

B. Automatic Exchange of Probes and Distance Measuring
Devices

The robotics industry provides numerous affordable
accessory options for antenna testing, including automated
tool changers. These devices are designed to allow automatic
exchange of tools and devices that are attached to the end of
the robot arm. The changer mechanisms consist of two parts;
one that is permanently attached to the end of the robot arm
and the other attaches to the tool. Fig 2 shows an automatic
tool tray with range finder and antenna probes to use [1]. The
two components are mated by means of a latching mechanism
that is activated by moving the assembly either into or out of
the hanger or bracket assembly by electrical means or using
compressed air. The mated components have blind mate
connectors for passing electrical and RF signals. The mated
elements are designed to achieve a high degree of mechanical
alignment and rigidity. This feature enables the robotic
system to switch probe antennas for various frequency ranges
and attach distance measurement devices like touch probes
and laser range finders. These devices help locate mechanical
reference features on the phased array and determine their
position within the robot's coordinate system.

Fig 2: Automatic tool tray with laser range finder and antenna probes

C. Reduced Footprint

Robotic positioners can place a probe within a wide
spatial area from just one anchor point. The size of the robot
and the needed range of motion determine if a robotic test
station can occupy a smaller space than a traditional scanning
system, which is particularly important when factory test
space is limited.

III. ROBOT CONSIDERATIONS

The following are the key issues to consider when
evaluating the benefits of a robotic system versus a traditional
X-Y positioner solution:

A. Payload Capacity

The payload capacity of a robotic positioner is typically
less than a traditional X-Y scanner system. The payload
capacity limits the low frequency operation of the robot
system since lower frequency probes are larger and heavier.
Adding balancing counterweights to a probe mount to

improve pointing accuracy further reduces the weight
capacity of the probe.

B. Cable Management

Routing RF, power and control signals to a probe antenna
or other accessory attached to the end of a robotic arm is a
challenging task. Most robotic arms have limited, if any,
provision for routing services internal to the arm elements
and the arm joints do not have through holes to support either
slip rings or RF rotary joints and from this perspective
commercial off the shelf (COTS) robot system solutions are
not well suited to antenna measurement applications. RF
reflectivity, minimum cable bend radius requirements and
interference with absorber treatment often require
modification or custom solutions depending on the test
application. Fortunately, most robot manufacturers have
engineered suitable solutions that involve external cable
management systems. These cable routing and management
solutions provide a safe pathway for cables and other services
from the base of the robot to the tip of the robotic arm. These
cable management solutions vary by vendor and should be
evaluated for current and anticipated future test requirements.

C. RF Power Levels/ Security Requirements

Safety or security requirements may necessitate testing in
a shielded facility. Human safety requirements have been
increasingly stringent, and organizations have different safety
thresholds for both continuous wave (CW) and pulsed power
levels. Those safety requirements must be part of the test
system’s requirements statement and may require testing to
be conducted inside an enclosure that sufficiently attenuates
the emissions to a safe level. Depending on the security
and/or safety requirements, the robotic system supplier may
offer a solution that includes a shielded or unshielded test
enclosure lined with suitable anechoic material.

D. Anechoic Treatment

Robotic arms have a wide range of motion and,
depending on the articulation, may be oriented to create
reflections that interfere with the measured antenna pattern or
test. Treatment of the robotic arm with anechoic material to
reduce these reflections is the method most used by most
suppliers. Different methods of attaching the anechoic
material include direct mounting to the arm with adhesive,
attachment of absorber brackets and by other means. The
addition of anechoic material to the robot must take into
consideration the required range of motion of the joints and
cable management system components.

IV. FACILITY CONSIDERATIONS

Several factors should be considered when choosing a
location for the robotic test system. These include the
following:

A. Foundation Stability

Robotic positioners require a firm and highly stable
foundation. Robotic mounts experience high overturing
moments because of positioning loads due to robotic arms’



long reach and high motion dynamics. The base of the robot
has mounting holes designed for through bolting. The
foundation requirements including bolt diameter and pull-out
strength exceed that of a traditional X-Y scanner. For cases
where either the facility floor is not sufficiently strong or not
physically affixed to the facility floor, suppliers can provide
an independent structural base designed for the rigidity and
stability to maintain the positional accuracy requirements.

B. Relocation

Many end users desire the flexibility to reconfigure
factory floor space periodically and this necessitates having
the test system supplied as an independent package. When
contemplating the adoption of relocatable platforms for
smaller robotic test systems, several design considerations
come into play. These include factors like the risk of
overturning, the footprint of the test system, the clearance
required above the system, and the availability of essential
utilities such as power and Ethernet connectivity. Proper
consideration of the center of gravity (CG) and moment
forces is important to prevent the robot from tipping over or
experiencing excessive stress on its joints.

Customized base structures consider various factors
based on the end user's requirements:

1) Footprint requirements.

2) Floor stability.

3) Anticipated frequency of relocation.

4) Available equipment to lift and move the platform.

5) Desire to co-locate RF test equipment on the platform.
6) Operational safety requirements and provisions

7)  Antenna under test (AUT) swap out and access needs.

C. Base Frame

Independent base frame structures support both the robot
positioner and AUT mounting pedestal. Mechanically
coupling both elements improves relative position accuracy.
Base structures often include forklift ports that allow the
entire test station to be lifted and moved by one or more pallet
jacks or a forklift truck. If the area of relocation is within the
same facility and the floor is flat, retractable casters that raise
the base off the floor and towed or hand pushed to another
area is another option.

D. Power, Ground and Communication Services

Medium sized robots typically require 3-phase AC power
depending on the manufacturer and size of the robot. Most
electrical codes also require running an independent
electrical ground wire of the same gauge as the electrical
supply. Locating the robot test station near a facility wall that
can support all electrical and communications services
should be considered.

E. Ceiling Height

Testing protocols for phased array antennas sometimes
include parking the measurement probe in the quasi far-field
region of the array as part of the array tuning or validation
process. Consider height clearance restrictions within the
facility in these cases.

F. Safety Considerations

Robot test systems need more attention than traditional
test systems. Due to the larger possible range of motion a
robotic system offers, the autonomous control of its axes, the
safety of humans and the test product within its proximity
needs to be understood.

G. Access Restriction

Access restriction plays a large role in controlling and
limiting physical access to the robot's work area, which is
especially crucial in collaborative environments where
humans and robots coexist [2]. This minimizes the potential
for accidental collisions or direct contact between humans
and the robot's moving components.

H. Physical barriers

Physical barriers surrounding the robotic test system, like
safety barriers with access doors equipped with interlock
systems. Such straightforward measures ensure a safer
environment for human-robot interaction and contribute to
accident prevention.

1. Motion Restriction

As a robotic system can have the ability to rotate on its
base, motion restriction can assist as a safety feature. This
involves setting physical limits on the range of motion,
restricting the robotic system's moveable area, and bounding
the “un-safe” area.

J. COBOTS

Collaborative robots (COBOTS) are equipped with
various force and tactile sensors that give the robot the ability
to sense objects that mechanically interfere with programmed
motion. The control system is programmed to immediately
stop all robot motion when it senses another object.
Traditional robots would simply continue their way,
potentially causing injury or damaging product.

K. Robotic Safety Unit

The Robotic Safety Unit is a dedicated system or module
responsible for monitoring and ensuring the safety of the
overall robotic system. It continuously monitors critical
aspects of the robot's operation, such as speed, position, and
force. The safety unit is an independent system acting as a
safeguard by continually monitoring the robots’ sensory
circuits. It will intervene and initiate safety measures if
deviations from defined safe operating conditions are
detected. The safety unit incorporates various internal
sensors, actuators, and a safety controller.

L. Electronic Fencing of Movement

Electronic fencing, often referred to as virtual fencing or
geofencing, is all about establishing digital boundaries that
the robot cannot cross during its operations. This function is
controlled by the robotic system safety unit and adds an extra
layer of safety by confining the robot's movement to specific
designated areas.



M. Emergency Stop Switches

Manual emergency stop switches or buttons allow
operators to immediately halt the robotic system's motion in
case of an emergency. In situations where immediate
intervention is needed to prevent accidents or injuries,
emergency stop switches provide a quick and direct means of
shutting down the system. These switches are strategically
placed within easy reach of operators and are designed to
override any automated controls, bringing the robot to a safe
state when pressed.

V. EXAMPLE ROBOTIC ANTENNA TEST
SYSTEM

We designed and developed a phased array robotic test
system to meet the production testing needs of a customer.
The requirement for this system involved testing phased array
tiles measuring 24 cm x 24 c¢m, each containing an 8 x 8 array
of antenna elements. The testing was required to cover a
frequency range spanning 2 to 12 GHz dictating a probe scan
range of 60 cm x 60 cm. Fig 3 shows the arm movement with
antenna probe covering the 24 cm x 24 cm area [3].

The requirements included that the unit be self-contained,
have a small footprint, include safety barriers that enabled
easy loading and unloading of production tiles, allowed for
unattended operation, and was relocatable.

Additionally, the test system had to accommodate the
beam controller, array power supply, cable harnesses,
receiver system, and a computer workstation. Safety was an
important concern, given the intended use of the system in a
production environment.

Tests involved initial amplitude and phase tuning of each
element using a park-and-probe method. Once completed the
probe was located 2m above the array in the quasi far-field
region and used to verify the anticipated amplitude and phase
of partially formed beams at a single position. The third test
involved a planar near-field scan of the array over several
frequencies and beam positions in both transmit and receive
modes.

A. Basic Design

To create a relocatable and self-contained test station, the
robot positioning unit was attached to a rigid pedestal that
was mounted on a rigid frame structure. This structure also
supported an AUT mount that contained alignment pins and
connections for power and array control. The AUT aperture
was located below the base of the robot but allowed the
measurement probe to have a close approach to the radiating
elements but also allowed for positioning of the probe above
the array.

B. Platform Design

The platform was stabilized using an array of large
diameter screw feet. The platform included retractable swivel
casters that could be used to move the test station to a new
location on the test floor.
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Fig 3: Robotic arm movement - Top view

C. Equipment Rack

Fig 4 shows the test station, including an equipment rack
that housed RF, positioning, array control and computer
components [3].

Fig 4: Test system structure showing absorber and equipment rack.

D. Safety

The test station included transparent safety barriers
constructed of impact resistant polycarbonate sheets that
enclosed the test system. These barriers serve a dual purpose,
they restrict access to the internal space of the test system
while still allowing visibility of the system's movements and
actions. This combination of confinement and visibility is
important to maintain a safe working environment.

To enhance safety further, each of these safety barriers are
equipped with safety sensors. These sensors detect the
presence of safety panels and are integrated into the robotic
functional safety unit's interlock system preventing operation
unless all barriers are properly installed.

Fig 5 shows the robotic test station with the impact
resistant polycarbonate sheet barriers, equipped with safety
interlock sensors [3].

Rear-Left Panel

Front Panel

Rear-Right Panel

Fig 5: Test System with safety measures



VI. CONCLUSION

The emergence of robotic motion systems for antenna
measurements has introduced a new set of capabilities that
significantly benefit production testing of phased array
antennas. Comparing traditional Planar Near-Field (PNF) and
robotic motion platforms, robotic systems offer significant
advantages, but it is crucial to address facility and safety
concerns.

Robotic systems offer several advantages in a production
environment, including the ability to outfit the robot with
mechanical alignment tools, the flexibility to implement
various testing methods, a reduced footprint, and ability to
automatically change out probe antennas. These capabilities
afford a higher level of automation which can translate to a
reduction in test time, making robot based solutions a
preferred choice for high throughput testing requirements.

Furthermore, we have explored unique attributes specific
to robotic systems, such as payload capacity, relocatability
options, and motion volume requirements. These
considerations are important when tailoring a robotic antenna
test system to specific testing needs.

Safety is of great importance and suppliers offer a wide
range of methods and subsystems to ensure the safety of
operators, the test article, and the robotic system itself. These
include access restrictions, physical barriers, motion
restriction, the use of collaborative robots (Cobots), and
dedicated safety units, all of which can be combined to
provide a tiered safety subsystem that is reliable and easy to
maintain.

With wider adoption throughout the antenna test and
measurement industry, robot based antenna measurement
systems will continue to improve and offer new capabilities
at reduced costs.

REFERENCES

[11  Ed Jubenville, Automatic Probe Changer - User
Guide, Torrance, CA: NSI-MI Technologies, 2017.

[2] D. H. a. H. A. Y. J. S. Jill L. Drury, "Design
Guidelines for Improved Human-Robot Interaction,"
in CHI, Vienna, Austria, April 24-29, 2004.

[3] Lyew, Eckart, "Acceptance Test Procudure,
Tuning Station," NSI-MI Technologies, Los
Angeles, 2022.



