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Abstract:- A large, segmented space telescope requires high precision and accuracy in its mirror shape to obtain clear
images. In order for control of such complex structures to be achieved to high precision and accuracy, it is important
for sensing equipment involved in shape control to be constantly checked for deviations from their required
calibration. The Segmented Space Telescope Testbed at the Structures, Propulsion, and Control Engineering (SPACE)
Laboratory at California State University, Los Angeles, utilizes segmented mirror panels and a network of 42 sensors
to mimic a monolithic paraboloid mirror shape to high accuracy and precision. For such a high precision system,
regular checking of sensor calibration is crucial to performance.

This paper describes a LabVIEW based visualization subsystem that has been implemented and used for
sensor calibration of the SPACE Testbed. The subsystem allows for linearity check for each sensor. In addition, the
visualization subsystem provides a real-time means of system monitoring. The visualization also reduces the time to
check all 42 sensors while at the same time improve the precision and accuracy of the measurements. By reducing the
time required, it is easier to verify sensor linearity at regular interval.
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1 Introduction dynamic behavior of a segmented space telescope.

With the increasing need to see further into space than The NASA URC Space Center team has c}eveloped a
can be achieved by current technology, such as the telescope testbed which emqlates a Cassegrain telescope
Hubble Telescope, it becomes necessary to increase the of 2.4 meter focal length with performance comparable
size of the primary mirror of a space telescope. to actual space-borne systems. It consists of a primary
However, there are several problems when increasing mirror made from seven hexagonal panels (6 peripheral
the size of the primary mirror. As mirror size increases, apd one center stationary), a secondary mitror and
manufacturing a precise paraboloid mirror becomes llghtwe}ght flexible truss structure. Each perlphergl
more difficult. The size of a single monolithic primary panel is controlled by- .three linear electromagnetic
mirror is restricted by the size and weight limitations of ~ actuators. Four edge position sensors are used per panel
the current space launch vehicles. As the successor to are used to PFOVlde re!atlye dlSplacement aqd ang.le. The
the Hubble Space Telescope (HST), The National secondary mirror, a six-sided pyrarmda} mirror, is used
Aeronautics and Space Administration’s (NASA) Next to reflect the light from the primary mirror to the focal
Generation Space Telescope (NGST), the James Webb plane. o .

Space Telescope (JWST), will employ a segmented Because of the_ precision and accuracy reqqlred.of the
primary mirror to overcome these difficulties. In such an mirror shape, it is 1mportant th?t sensor calibration be
application, it is critical that the mirror’s paraboloid Ver1ﬁ§d regularly. The calibration of a sensor firmly
shape be maintained to high accuracy and precision. establishes the accuracy of the measuring device. Any

In order to study the control of such large segmented deviation from the desired gain and any nonlinearity in
systems, NASA in 1994 provided funding to establish the calibration would result in deviation from the desired

the Structures Pointing and Control Engineering mirror shape.

(SPACE) Laboratory at California State University, Los L?bV.IEW can be used. for real time _system
Angeles (CSULA). The goal of this project is to design monitoring. In order to achieve greater precision in
and fabricate a testbed that resembles the complex checking the linearity of the sensor calibration, as well
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as expedite the process of checking the 42 sensors on the
SPACE Testbed, LabVIEW was used to develop an aid
in the process.

2 SYSTEM DESCRIPTION
SPACE TESTBED

OF THE

bi-pod supports

isolation platform

Fig. 1: SPACE Segmented Telescope
Testbed

The SPACE testbed, shown in Fig. 1, emulates a
Cassegrain telescope of 2.4-meter focal length with
performance comparable to an actual space-borne
system. The system's top-level requirements include
maintenance of the primary mirror shape to within 1
micron RMS distortion with respect to a nominal shape
of the primary mirror, and precision pointing with
accuracy of 2 arc seconds. The SPACE testbed consists
of a primary mirror, a secondary mirror, and a
lightweight flexible truss structure. The primary mirror
(mounted on the support truss) consists of seven
hexagonal panels each 101 cm in diameter. The six
peripheral panels are actively controlled in the three
degrees-of-freedom by 18 linear electromagnetic
actuators (3 actuators per active panel), and a seventh
center panel is used as a reference. In addition, a set of
24 edge position sensors are used to provide
measurements of relative displacement and angle of the
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panels. The secondary mirror is attached to the primary
surface by a tripod.

3 Sensor Type and Details

The sensors being used are the inductive displacement
sensors. Inductive type displacement sensors take
advantage of Faraday’s Law of Induction which states
that a time changing magnetic field will induce an
electromotive force in a closed circuit. These inductive
eddy current displacement sensors are essentially
inductive coils that form part of an AC bridge circuit.
Fig. shows the interaction of magnetic fields between
the sensor and target material. An AC current is
provided through the sensor. As a result of this
alternating electric field, an alternating magnetic field is
produced and radiates out toward the target materials.
When target material enters this field, Eddy currents are
produced in the material. These Eddy currents are a
result of the alternating magnetic field and circulate
within the conductive material. Opposite to induction of
current by an alternating magnetic field, an alternating
current in a conductor will result in an alternating
magnetic field. This newly induced magnetic field will
oppose the magnetic field produced by the sensor coil.
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Fig. 2: Induced Eddy Currents

Fig. Fig. 3. As the distance between the target
material and the sensor changes, the impedance change
in the sensor coil is detected by the electronics in the
sensor module and is converted into a voltage that is
proportional to the displacement. The synchronous
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demodulator detects this change in impedance. The log
amplifier circuit further linearizes the signal. Further
calibration is done through the DC control stage which
provides gain and offset amplification.

Target
Material —»| Oscillator |#| Demodulator [
Inductive
Sensor
Output |«—| Flip Flop |e-

Fig. 3: Sensor and Sensor Module
Circuitry

For the testbed, it is important that the calibration
provides high accuracy and precision. Keeping within
the specified linear range of the sensors (5mm)
themselves along with the physical range of the testbed
panels, it was determined that a linear gain of 4V/mm
would be required. The type of calibration used is
Bipolar Output Calibration. To determine not only the
displacement of the panel from a reference position, but
also the direction of the displacement. This is done by
calibrating the sensor module such that the voltage
output will range from some negative voltage for one
half of the measuring range and some positive voltage
for the further half of the measuring range.

4 LabVIEW Subsystem

The SPACE Telescope Testbed has a total of 42
inductive sensors; 24 are edge sensor and 18 are
collocated sensor, Fig. 4. For the precision and accuracy
required of the mirror shape, it is important that sensor
calibration be verified regularly and check for deviation
from the desired gain and linearity. In order to do so,
sensor voltage output measurements must be taken for
each sensor in the operational dynamic range ( + 2mm ).
The linear correlation between voltage output and
displacement for each sensor may then be calculated
either by hand or by us of other software, such as
spreadsheet software or math software. However, this
requires the user or person performing the check to enter
in the data manually. This may result in rounding errors
and inaccuracies. In addition, manually entering data
into spreadsheets or calculating linearity by hand is a
tedious and time consuming task. To improve the
efficiency, accuracy and precision of the sensor
calibration check a LabVIEW GUI has been developed.
Fig. 5 below shows the flow of the functions required of
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this GUI.

This LabVIEW GUI allows the user to select the
sensor channel whose calibration is being checked. After
the channel has been selected, the voltage level must be
read by the DAQ. Because of the precision required of
the reading, it is necessary to account for noise in the
signal. To do so, n samples are averaged and the
resulting voltage value is stored in an array such that this
voltage level may be mapped with the corresponding
sensor position.

Collocated
Sensors

Fig. 4: Sensor Distribution

This process is then repeated for the remaining
sensor displacements. Once the voltage values for all the
displacements have been checked, the two arrays may
then be used to check the linear correlation between the
sensor displacement and the voltage output. By
measuring and recording the voltages using the DAQ, a
higher level of precision is achieved. In addition, the
tedious task of entering data into spreadsheet software is
eliminated.
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Fig. 5: Flow Diagram of Sensor Calibration GUI

5 Sensor GUI and results

Fig. 6 below shows the LabVIEW front panel. The user
may easily select from the 42 sensors. Data may be
logged into a file for record keeping. In addition, the
user may see the real-time voltage signal in the bottom
right graph, as well as voltage vs. displacement in the
top right graph. As the user changes the voltage, the top-
right graph will update accordingly.
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Fig. 6: LabVIEW Front Panel

For the SPACE Testbed, a linear gain of 4
volts/mm is required. The GUI was tested for a spare
sensor on a test apparatus in the lab. Fig. 7 below shows
the results of the calibration check. From this, it was
possible to easily obtain the gain, and residual error of
the best fit line.
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Fig. 7: Linear Regression, Displacement and Voltage
Data (Top), Voltage vs. Displacement (Bottom)

6 Conclusion

This paper describes the LabVIEW Sensor Calibration
Visualization Subsystem develop for SPACE testbed in
the Structures, Pointing and Control Engineering
Laboratory at California State University, Los Angeles.
LabVIEW gives best linear fit, slopes and residues for
the sensors of testbed from where we can check sensor
require gain and if does not meet our requirement then
we change the sensor linearity using sensor calibration
procedure.
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