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[57] ABSTRACT

A two-axis measurement system includes a structural sup-
port frame having at least two horizontally disposed parallel
rails defining a length of the structural support frame at
opposite sides thereof. The support frame further defines a
test space between the opposite sides. A bridge extends
perpendicularly between the rails and is capable of con-
trolled movement along the rails over the length of the
structural support frame. A first probe carriage carried by the
bridge permits controlled movement along a span of the
bridge. A vertical tower is coupled to the bridge orthogonally
with the rails, and a second probe carriage is carried by the
vertical tower permitting controlled movement along a
height of the vertical tower. The first probe carriage is
selectively moveable within a horizontal test plane defined
in a first axial dimension by the rails and in a second axial
dimension by the bridge by cooperative movement of the
bridge and the first probe carriage. The second probe car-
riage is selectively moveable within a vertical test plane
defined in the first axial dimension by the rails and in a third
axial dimension by the vertical tower by cooperative move-
ment of the bridge and the second probe carriage.

18 Claims, 5 Drawing Sheets
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VERTICAL TOWER FOR A TWO-AXIS
MEASUREMENT SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to two-axis measurement
systems, and more particularly, to a robotic scanner for
performing planar near-field antenna measurements capable
of operating in either a vertical or a horizontal orientation.

2. Description of Related Art

High performance antennas are increasingly prevalent in
the art as spacecraft, aircraft, ship and ground vehicle
mission requirements become more sophisticated. One prob-
lem in the development and manufacture of high perfor-
mance antennas is the measurement of antenna performance.
Traditionally, antenna measurement was conducted by plac-
ing the antenna at a remote location, and measuring the
amplitude and phase response characteristics of the antenna
in its operational range. Typical operational distances for
high gain antennas can range from fifty feet to three miles.
This measurement technique, known as far-field testing,
suffers from significant limitations, such as susceptibility to
weather effects, ground reflections and increasing real estate
costs.

As an alternative to far-field testing, near-field testing was
developed. A near-field test is conducted in an indoor test
range using a microwave probe to sample the field radiated
near the antenna under test (AUT). A computer collects the
amplitude and phase data sampled by the microwave probe,
and calculates the far-field equivalent response using a
Fourier transform technique. Accurate near-field measure-
ments require that all the significant antenna energy be
sampled by the microwave probe. Highly directive antennas,
such as reflectors and waveguide phased arrays, beam most
of the energy in the forward direction normal to the antenna
aperture. To test these types of antennas, a planar near-field
robotic scanner is utilized to move the microwave probe
along a planar pattern approximately normal to the antenna
aperture. To accurately reconstruct the measured field, the
probe must sample the antenna energy at a plurality of points
with a minimum spacing based on the Nyquist sampling
theorem. Near-field measurement systems of this nature are
described in U.S. Pat. Nos. 5,408,318 and 5,419,631, both to
Slater, and assigned to the same assignee as the present
invention.

The physical configuration of the near-field robotic scan-
ner will often depend on the size and performance charac-
teristics of the antenna under test. An antenna having a
particularly large aperture, or one that is gravity sensitive,
may be measured using a horizontally oriented scanner.
Such a scanner may be supported by a frame structure that
envelopes the antenna under test and defines a horizontal
plane over the antenna. The antenna would radiate directly
upward and the probe would sample the antenna’s energy as
the probe moves through the horizontal plane. The frame
may be rigidly and/or permanently attached to the ground so
as to provide a highly stable platform. Such stability is
necessary to provide a high degree of planarity and avoid
undesired variations in the probe position that would reduce
the accuracy of the measurement.

Conversely, smaller antennas may be measured using a
vertically oriented scanner. These scanners may be lighter in
weight and construction than the horizontally oriented
scanners, thus providing a degree of portability for such
measurement systems. The vertically oriented scanners also
have a frame structure that, unlike the horizontally oriented
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scanners, defines a vertical plane alongside an antenna under
test. This vertical orientation may be desirable for testing a
spacecraft antenna having heat pipes which are gravitation-
ally sensitive. The antenna would be oriented to radiate
sideways with the antenna aperture disposed normal to the
vertical plane and the probe sampling the antenna’s energy
as the probe moves through the vertical plane.

Given the distinct advantages of each of the horizontally
and vertically oriented scanners, it would be additionally
advantageous to provide a single robotic scanner capable of
both horizontal and vertical operation. Such a system would
yield substantial additional flexibility and resulting cost
savings by permitting the same basic measurement system to
be used to test a variety of different antenna sizes, types and
orientations. Thus, a critical need exists to provide a robotic
scanner for planar near-field antenna measurements which is
capable of selectively performing in either a vertical or a
horizontal orientation.

SUMMARY OF THE INVENTION

In accordance with the teachings of the present invention,
a two-axis measurement system is provided that permits
planar near-field antenna measurements to be performed in
either or both of a horizontal or a vertical orientation, as well
as an intermediate orientation between the horizontal and
vertical orientations. The system greatly enhances the flex-
ibility of conventional robotic scanners used for near-field
antenna measurement.

More particularly, the two-axis measurement system com-
prises a structural support frame including a plurality of
support members disposed at first and second sides thereof.
The support frame defines a test space between the first and
second sides. A test probe is selectively manipulated within
either a horizontal test plane of the test space or a vertical
test plane of the test space. As it is manipulated, the test
probe samples energy emitted from an antenna under test in
order to perform a near-field measurement.

In a first embodiment of the two-axis measurement
system, the structural support frame includes at least two
horizontally disposed parallel rails defining a length of the
structural support frame at opposite sides thereof. A bridge
extends perpendicularly between the rails and is capable of
controlled movement along the rails over the length of the
structural support frame. A first probe carriage carried by the
bridge permits controlled movement along a span of the
bridge. A vertical tower is coupled to the bridge orthogonally
with the rails, and a second probe carriage is carried by the
vertical tower permitting controlled movement along a
height of the vertical tower. The first probe carriage is
selectively moveable within a horizontal test plane defined
in a first axial dimension by the rails and in a second axial
dimension by the bridge by cooperative movement of the
bridge and the first probe carriage. The second probe car-
riage is selectively moveable within a vertical test plane
defined in the first axial dimension by the rails and in a third
axial dimension by the vertical tower by cooperative move-
ment of the bridge and the second probe carriage.

In a second embodiment of the two-axis measurement
system, a boom is pivotally mounted to the bridge about the
first axial direction defined by the rails. The boom is
selectively pivotable between a folded position wherein the
boom extends in parallel with the bridge, and a deployed
position wherein the boom extends in a third axial direction
orthogonal to both the first and second axial directions. A
probe carriage is carried by the boom and is capable of
controlled movement along an extent of the boom. The first
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position of the boom permits selective movement of the
probe carriage within a horizontal test plane defined in the
first and second axial dimensions by cooperative movement
of the bridge and the probe carriage, and the second position
of the boom permits selective movement of the probe
carriage within a vertical test plane defined in the first and
third axial dimensions by cooperative movement of the
bridge and the probe carriage.

A more complete understanding of the vertical tower for
a two-axis measurement system will be afforded to those
skilled in the art, as well as a realization of additional
advantages and objects thereof, by a consideration of the
following detailed description of the preferred embodiment.
Reference will be made to the appended sheets of drawings
which will first be described briefly.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a conventional near-field antenna mea-
surement system;

FIG. 2 is a partial perspective view of a horizontally
oriented robotic scanner having a vertical tower to permit
vertically oriented operation;

FIG. 3 is a side view of the robotic scanner of FIG. 2;
FIG. 4 is an end view of the robotic scanner of FIG. 2;

FIG. § is a partial perspective view of a mechanical
interface between the vertical tower and a bridge of the
robotic scanner;

FIG. 6 is a partial perspective view of an alternative
embodiment of the horizontally oriented robotic scanner
having a pivotable boom to permit both vertically and
horizontally oriented operation; and

FIG. 7 is an enlarged perspective view of the pivotable
boom of FIG. 6.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The present invention satisfies the critical need for a
robotic scanner to conduct planar near-field antenna mea-
surements which is capable of selectively operating in either
a vertical or a horizontal orientation. The measurement
system of the present invention provides substantial addi-
tional flexibility and cost savings over conventional robotic
scanners by permitting a single measurement system to be
used to test a variety of different antenna types. In the
detailed description that follows, like element numerals are
used to identify like elements in one or more of the figures.

Referring first to FIG. 1, a conventional near-field antenna
measurement system is illustrated. The conventional near-
field antenna measurement system comprises a robotic scan-
ner 20, a network analyzer 30, a motor controller 34 and a
computer 32. Each of the elements of the near-field antenna
measurement system may be disposed within a single test
location, or may be distributed with the robotic scanner 20
disposed in one location, such as a test chamber, and the
other control elements disposed in another location, such as
a control room in proximity to the test chamber.

An antenna under test (AUT) 10 is secured to a test stand
14 so that it faces the robotic scanner 20. The exemplary
AUT 10 has a feedhorn 12 which directs power from an
aperture of the AUT. In FIG. 1, the plane of the robotic
scanner 20 is oriented vertically and is defined by a hori-
zontally disposed x-axis rail 22 and a vertically disposed
y-axis rail 24 that intersects perpendicularly with the x-axis
rail. The y-axis rail 24 is capable of horizontal movement
along the length of the x-axis rail 22. A probe carriage 26 is
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provided on the y-axis rail 24 that is capable of vertical
movement along the length of the rail. A microwave probe
28 extends from the probe carriage 26 normal to the plane
formed by the scanner 20. Precision controlled motors (not
shown) may be utilized to manipulate the y-axis rail 24
along the length of the x-axis rail 22 and to manipulate the
probe carriage 26 along the length of the y-axis rail, in
association with other conventional mechanical control sys-
tems such as a rack and pinion drive.

To operate the near-field test system, the microwave probe
28 must be moved in a repeatable pattern relative to the
stationery AUT 10 to sample amplitude and phase data
emitted by the AUT. To obtain an accurate near-field mea-
surement of the AUT, the movement of the probe 28 must be
perfectly planar. Exposed surfaces of the robotic scanner 20
may be covered with a microwave energy absorbent material
in order to preclude undesired reflections of antenna energy
from adversely effecting the collection of data by the probe
28. The motor controller 34 controls the position of the
probe 28 as it moves along the sample points by selectively
manipulating the precision motors that move the y-axis rail
24 and the probe carriage 26. The network analyzer 30
receives the antenna energy data that is sampled by the probe
28 and compiles the data into digital signals that are readable
by the computer 32. The computer 32 controls the overall
operation of the near-field test system, and processes the
digital signals compiled by the network analyzer 30 to
produce the far-field equivalent response for the AUT 10.

Referring now to FIGS. 2—4, a robotic scanner 40 for a
near-field antenna measurement system of the present inven-
tion is illustrated. It should be apparent that a functional
near-field antenna measurement system will further include
the network analyzer, motor controller and computer ele-
ments described above, and for simplicity, these elements
are omitted from FIGS. 2—4. The robotic scanner 40 is
functionally equivalent to the robotic scanner 20 described
above, but is larger to accommodate the testing of a large
aperture or gravity sensitive antenna system by positioning
the AUT in a test space 60 defined within the structure of the
scanner 40. The particular configuration of the robotic
scanner 40 illustrated in FIGS. 24 is referred to as a
horizontal “H” frame construction, which will be fully
understood from the following description.

The robotic scanner 40 comprises a generally rectangular
skeleton or frame structure having left and right sides 42, 44,
respectively. The sides 42, 44 are generally parallel to each
other and provide structural support for main beams 53 that
extend the full length of each of the sides. The test space 60
is defined by the large open region between the sides 42, 44,
bounded by the test floor at the bottom and the main beams
53 at the top. The main beams 53 define the two upright
elements of the “H” frame construction. In FIG. 2, only the
structural skeleton of the right side 44 is illustrated in detail,
but it should be apparent that the left side 42 has similar
structural features.

More particularly, the sides 42, 44 of the frame structure
are provided by a plurality of vertical columns 45 which are
reinforced by cross-braces 46 for strength and rigidity. The
vertical columns 45 and cross-braces 46 may be perma-
nently or semi-permanently anchored to the test floor, such
as by bolts or concrete. The vertical columns 45 and
cross-braces 46 may be joined at an upper end thereof by
sub-beams 47 that span the entire length of the two sides 42,
44. Likewise, the sub-beams 47 may be further coupled to
stanchions 55 and cross-braces 48 that provide support to the
main beams 53. The sides 42, 44 of the frame structure may
be joined at the back end by sub-beams 52, which are further















