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[57] ABSTRACT

A wide range straightness measuring system of the
present invention accurately determines lateral and
angular displacement of a probe carriage of a cartesian
robot. The system includes a laser aligned with an x-axis
rail of the cartesian robot system which generates a
laser beam having two polarization components. A
pentaprism beamsplitter is disposed on an x-axis car-
riage aligned with the laser. The beamsplitter orthogo-
nally splits the laser beam into an x-axis reference beam
and a y-axis reference beam. An x-axis interferometer
receives the x-axis reference beam and determines a
relative position value of the probe carriage measured
along the x-axis. A y-axis interferometer receives the
y-axis reference beam and determines a relative position
value for the probe carriage measured along the y-axis.
A beam monitor receives a polarized multiplexed out-
put of the y-axis interferometer and monitors the lateral
shift of the energy centroids of the beam polarization
components. Both lateral and angular displacement
values of the x and y-axis reference beams can be ob-
tained by measuring the magnitude of the lateral shift.
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WIDE RANGE STRAIGHTNESS MEASURING
STEM USING A POLARIZED MULTIPLEXED
INTERFEROMETER AND CENTERED SHIFT
MEASUREMENT OF BEAM POLARIZATION
COMPONENTS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to position detection
systems and more particularly, to a position detection
system utilizing interferometric and centroid optical
measuring to obtain straightness and angular measure-
ment of payload position for a cartesian robot used in
near-field antenna measurement.

2. Description of Related Art

High performance antennas are increasingly preva-
lent in the art as spacecraft, aircraft, ship and ground
vehicle mission requirements become more sophisti-
cated. One problem in the development and manufac-
ture of high performance antennas is the measurement
of antenna performance. Traditionally, antenna mea-
surement was conducted by placing the antenna at a
remote location, ‘and measuring the amplitude and
phase response characteristics of the antenna in its oper-
ational range. Typical opérational distances for high
gain antennas can range from 50 feet to 3 miles. This
measurement technique, known as far-field testing, suf-
fers 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 sam-
pled by the microwave probe, and calculates the far-
field equivalent response using a Fourier transform
technique.

To make accurate near-field measurements, all the
significant antenna energy must be sampled by the mi-
crowave probe. Highly directive antennas, such as re-
flectors 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 scanner is utilized. Precision cartesian robots are
used to move the microwave probe along a planar pat-
tern approximately normal to the antenna aperture. To
accurately reconstruct the measured field, the probe
must sample points at some minimum spacing based on
the Nyquist sampling theorem. This distance is usually
less than half the wavelength of the antenna signal
(A/2). Therefore, to achieve an accurate near-field mea-
surement, the precise position of the microwave probe
and its planarity with respect to the AUT is critical.

~ Obtaining high accuracy position information for the
microwave probe has proven to be difficult to achieve.
Undesired variations in the microwave probe position
can occur due to flexure of the rails of the cartesian
robot which support the microwave probe. One solu-
tion to this problem is to utilize an extremely rigid struc-
ture for the cartesian robot rails. For example, preci-
sion-lapped, natural-close-grained granite rails have
been utilized due to their extremely rigid characteris-
tics. The granite surface remains quite stable with time
due to its natural formation and machining processes,
and has a third of the thermal expansion coefficient of
steel. However, the weight of such a heavy duty struc-
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ture makes it increasingly difficult to provide a portable
test system. Such portability can be of significant benefit
to test antennas at remote locations. Moreover, the high
cost of manufacturing and transporting such a heavy
duty structure renders it impractical for many remote
near-field test applications. ‘

Since relatively light weight and inexpensive near-
field test structures are susceptible to position errors due
to flexure, an alternative to granite construction is to
accept the undesired variation in microwave probe
position so long as these variations can be accurately
determined. Information regarding the variations to the
microwave probe position can then be used in correct-
ing the far-field equivalent response, or to manipulate
the microwave probe to the correct paosition.

One way to provide microwave probe position infor-
mation in light weight systems is to incorporate optical
skeletons into the cartesian robot system. An optical
skeleton utilizes laser beams which are projected collin-
early with the x and y-axis rails of the robot. Accurate
distance measurement can be obtained by conventional
laser interferometry systems which measure changes in
displacement of the microwave probe along the x and
y-axes. Laser interferometers measure range by deter-
mining the phase difference between two interferome-
ter paths.

Straightness can be measured by use of photodetec-
tors, such as lateral effect photodiodes, which measure
the relative motion of a laser beam centroid. Separate
laser beams are generally utilized for straightness mea-
surement and for distance measurement, resulting in
relatively complex optical skeleton systems. Laser inter-
ferometer techniques have also been utilized to measure
straightness, but these techniques further add complex-
ity and expense.

Thus, a critical need exists to provide an accurate
position and straightness measuring system for a carte-
sian robot which enables the use of a lightweight, porta-
ble and inexpensive near-field test system. It would be
particularly desirable to take maximum advantage of
known measuring technologies, while reducing the
complexity and associated cost of conventional optical
skeleton systems.

SUMMARY OF THE INVENTION

Accordingly, the present invention provides a syner-
gistic combination of interferometric and centroid opti-
cal measuring technologies for use in a cartesian robot
having a probe carriage carried by an x and a y-axis rail.
The invention provides real-time measurement of dis-
placement of the microwave probe as well as straight-
ness and angular displacement of the x and y-axis rails in
a relatively simple manner which is readily usable in a
portable test system. Moreover, the invention provides
for compensation for large straightness errors that
would prevent a conventional laser interferometer from
working due to laser misalignment.

The measuring system of the present invention in-
cludes a laser which generates a pair of cross-polarized
laser beams having a predetermined frequency offset.’
The laser is aligned with the x-axis rail. A pentaprism
beamsplitter is disposed on an x-axis carriage aligned
with the laser. The beamsplitter splits the cross-pola-
rized laser beam pair into an x-axis reference beam and
a y-axis reference beam which are orthogonal to one
another. An x-axis interferometer receives the x-axis
reference beam and determines a relative position value
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for the probe carriage measured along the x-axis. Simi-
larly, a y-axis interferometer receives the y-axis refer-
ence beam and determines a relative position value for
the probe carriage measured along the y-axis. A beam
monitor receives a polarization multiplexed output mea-
surement of the y-axis interferometer and monitors the
centroid shift of the individual laser beam components
of the polarized pair. Both straightness and angular
displacement of the x and y-axes can be obtained by
measuring the magnitude of the lateral shift.

Alternatively, an unpolarized laser beam having both
polarizations present with no frequency offset can be
used in place of the cross-polarized beam. As before, the
pentaprism beamsplitter splits the unpolarized laser
beam into an x-axis reference beam and a y-axis refer-
ence beam which are orthogonal to one another. An
x-axis interferometer receives the x-axis reference beam
and determines a relative position value for the probe
carriage measured along the x-axis. Similarly, a y-axis
interferometer receives the y-axis reference beam and
determines a relative position value for the probe car-
riage measured along the y-axis.

The beam monitor includes a polarization beamsplit-
ter which splits the polarization multiplexed y-axis mea-
surement into individual laser beam components. Each
of the individual laser beam components are directed to
an associated photodetector for measuring the energy
centroid of the laser. A first one of the photodetectors
measures lateral displacement of the x-axis reference
beam, and a second one of the photodetectors measures
lateral displacement of the y-axis reference beam. The
measurement of the lateral displacement of the beams
supplies accurate information on the probe position.

In another embodiment of the present invention, a
Fourier lens is inserted in the path of the multiplexed
y-axis output prior to the polarization beamsplitter of
the beam monitor. The lens produces a Fourier trans-
form of the polarization multiplexed measurement.
With the Fourier lens in place, the first one of the pho-
todetectors measures the angular displacement of the
x-axis reference beam, and a second one of the photode-
tectors measures angular displacement of the y-axis
reference beam. A motor is provided to manipulate the
Fourier lens into and out of the polarization multiplexed
measurement beam path. The angular displacement data
is used for correction of orthogonality errors of the
pentaprism beamsplitter due to inadvertent rotation
about the y-axis.

In still another embodiment of the present invention,
a servo system is provided to compensate for large
straightness errors that would prevent the x and y-axis
interferometers from working due to laser beam mis-
alignment. In the event that extreme flexure of the y-

. axis rail causes the y-axis reference beam to be displaced
out of alignment with the y-axis interferometer, a y-axis
servo would manipulate the position of the retroreflec-
tor to compensate for the misalignment. The y-axis
servo is disposed on the probe carriage. Similarly, an
x-axis servo corrects for x-axis reference beam misalign-
ment with the x-axis interferometer by rotating an opti-
cal block disposed in the path between the laser and the
pentaprism beamsplitter. The optical block is disposed
on the x-axis carriage.

A more complete understanding of the straightness
measurement system for a polarized multiplexed inter-
ferometer will be afforded to those skilled in the art, as
well as a realization of additional advantages and ob-
jects thereof, by a consideration of the following de-
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tailed description of the preferred embodiment. Refer-
ence will be made to the appended sheets of drawings
which will be first described briefly.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a near-field antenna measurement
system;

FIG. 2 is a perspective view of a cartesian robot used
in a near-field test system;

FIG. 3 is a block diagram illustrating a straightness
measuring system of the present invention;

FIG. 4 is a block diagram illustrating the laser inter-
ferometer used in the straightness measuring system;

FIG. 5 is a block diagram illustrating a beam monitor
assembly of the present invention;

FIG. 6 is a front view of a photodetector receiving an
exemplary laser beam to perform an energy centroid
measurement;

FIG. 7 is a block diagram of an alternative embodi-
ment of the present invention illustrating a compensa-
tion servo for the y-axis reference beam; and

FIG. 8 is a block diagram of an alternative embodi-
ment of the present invention illustrating a compensa-
tion servo for the x-axis reference beam.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring first to FIG. 1, a near-fiecld antenna mea-
surement system is illustrated. The antenna under test
(AUT) 10 is secured to a test stand 14 and faces a carte-
sian robot 20. The AUT 10 has a feedhorn 12 which
directs power from an aperture of the AUT.

The plane of the cartesian robot 20 is defined by an
x-axis rail 22 which is orthogonal to a y-axis rail 24. The
y-axis rail 24 is capable of horizontal movement along
the length of the x-axis rail 22. A probe carriage 26 is
provided on the y-axis rail, and 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 robot 20. To obtain an accurate
near-field measurement of the AUT, the movement of
the probe 28 must be perfectly planar.

To operate the near-field test system, the microwave
probe is moved in a repeatable pattern relative to the
stationery AUT 10 to sample amplitude and phase data
emitted by the AUT. A network analyzer 30 receives
and compiles the data received by the probe. A motor
controller 34 controls the position of the probe carriage
26 as it moves along the sample points. A computer 32
controls the entire operation of the system and produces
the far-field equivalent transformation of the data.

An exemplary cartesian robot is illustrated in greater
detail in FIG. 2. The robot 40 has a frame 42 with a
generally rectangular base 44. An angle brace member
46 provides additional stiffness for the frame 42. It is
intended that the robot construction be rigid enough to
withstand ordinary vibration, yet also be lightweight
enough to be portable and cost effective. X-axis rails
48; and 48; are disposed horizontally along the width of
the robot 40, at an upper and a lower portion thereof.
An x-axis carriage 52 interconnects the y-axis rail 54
with the x-axis rail 481. The x-axis carriage 52 is mobile
along the x-axis rail 481, and forms a lower portion of
the y-axis rail 54. The y-axis rail 54 extends vertically
between the x-axis rails 48; and 48,. A probe carriage 56
is disposed on the y-axis rail 54, and has an exposed
mounting surface 58. The probe carriage 56 can be
manipulated along the y-axis rail 54, and the y-axis rail


















