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ABSTRACT

This paper describes measurement system performance
parameters that were considered during the design phase of a
planar near-field measurement range for Spar Aerospace Limited.
All aspects of the planar near-field measurement system are
addressed. These include; instrument selection, scanner
interface hardware, system controller/computer hardware,
software for data collection, near-field to far-field transformation,
data analysis, networking and system configuration.

The Scientific-Atlanta Model 2095 Microwave Measurement
System with its near-field options is used as the basis for
meeting the Spar requirement. The various data collection
parameters of the Model 2095 are described with special
emphasis on how the factors relate to near-field requirements
such as fixed grid sampling. Examples of typical test scenarios
are presented as an aid in exploring detailed data collection
system timing. ‘
Keywords: Planar near-field, near-field scanning, data
transformation, far-field transform

1. INTRODUCTION

Spar Aerospace Limited, Canada has selected Scientific-Atlanta
to fabricate and integrate a complete planar near-field test
facility. The Spar planar near-field facility is designed to be an
accurate antenna test facility, capable of measuring large-
aperture synthetic aperture radar {SAR) antennas, such as the
Canadian RADARSAT satellite. A planar scanner subsystem
provides the capability of accurately positioning the near-field
probe in rectangular coordinates over an area of 5 m x 18 m.
The scanning system includes a laser interferometer subsystem
which provides an accurate readout of the X and Y position of
the probe at each instant in time.

The system will perform a specified complement of antenna
measurements on the RADARSAT SAR antenna using planar
near-field techniques. The system is fully automated and
provides the highest accuracy RF instrumentation available, fully
integrated with the latest computer control and computation
techniques.

2. THE MEASUREMENT PROBLEM
2.1 TEST ANTENNA DESCRIPTION

The RADARSAT synthetic aperture radar (SAR) antenna is a
space deployable 15 m x 1.5 m slotted waveguide planar array.
Panels along the long dimension are deployed and precisely
aligned by means of an articulated extendable support structure.
On the test range, the alignment is obtained using a strong back
Support structure with fine adjustment capabilities.

The short dimension of the antenna is formed of parailei stacked
waveguide rows fed by an elevation beam forming network,

(EBFN). The EBFN produces fixed elevation excitation
amplitudes and is phase-switchable by means of variable ferrite
phase shifters. This feature allows for the formation of any one
of a set of 15 specified elevation plane pattern shapes (beams).
The shape of the azimuth pattern is a narrow pencil beam. The
operating frequency is 5.3 GHz over a frequency band of 20
MHz. The polarization is horizontal linear directed along the long
dimension of the antenna.

2.2 TEST REQUIREMENTS

The test requirements for the RADARSAT antenna are
summarized in Table 1.

The time duration of a complete scan is to be less than twenty
(20) consecutive hours, including all recalibration and error
correction time if required. Both polarizations, vertical and
horizontal, are measured during the time of one scan,
Measurement over a frequency range of 5.25 GHz to 5.35 GHz,
centered at 5.3 GHz is required.

2.3 TEST PARAMETERS

The following modes are applicable to the data collection state.
All data collection system capabilities are available in each of the
three specified measurement modes. "Beam" refers to a
configuration of the antenna which is obtained by internal
switching of the beam-forming network.

Mode I:

Measure one beam at a minimum of 25 different frequencies in
the band 5.25 GHz to 5.35 GHz during one scan, including
among them the following: 5.284 GHz, 5.292 GHz, 5.300 GHz,
5.308 GHz, and 5.316 GHz. This is the "normal® measurement
mode, to be carried out for all the different beams (qty 20).

Mode I
Measure 4 different beams (by switching) at a minimum of 10

‘different frequencies in the band 5.28 GHz to 5.32 GHz during

one scan. The switching of the beams is accomplished by Spar
under control of the S-A 2095 DAC. The switching operation
will be synchronous with the test system timing having a
switching time of iess than 50 usec.

Mode Ill: v

Measure one beam in mode |, but with the receive and transmit
roles of the probe and the AUT reversed. This reversal is
implemented upon manual command by means of switches,
without any disconnection and reconnection of equipment.

In addition to these major data collection modes, the following
are also required:
a. collect correction data before or after near-field data
collection activities.
b. Collect correction data during near-field data collection
activities.



3. THE SOLUTION
3.1 FACILITY DESCRIPTION

The facility is an indoor chamber 23 meters wide by 17 meters
deep by 11 meters high. Table 2 shows the environmental
conditions under which the planar near-field facility is designed
to operate.

The environment is a large temperature controlled, anechoic
chamber with RF absorbing material placed on the walls and
ceiling of the chamber near the scanner location. The space
behind the scanner is expected to be utilized by the structures
supporting the phase stable RF path. The instrumentation
control room is located on the far side of the chamber from the
scanner,

The Model 2095 is configured to interface with the HP 5527A
Position measurement and Servo system which controls the X
and Y motion of the probe carriage on the scanner. Servo
parameters, axis selection, scan and step direction, velocity
control, position data, limit switch data and system status data
from the HP 5527A is compatible with the S-A 2095 format
utilizing S-A supplied hardware and software.

3.2 INSTRUMENTATION

The instrumentation system Scientific-Atlanta designed to meet
the test requirements is based on the Scientific-Atlanta Model
2095 Microwave Measurement System. The 2095 is a complete
instrumentation package integrated with a personal computer
and software to perform the planar near-field measurements.
The instrumentation consists of a multi-channel receiver, signal
source and scanner control, measurement and readout
subsystem. Software provides automatic data acquisition, error
correction, near-field to far-field transformation, and data output
and analysis. Each instrument in the system is chosen to meet
Spar’s overall planar near-field test requirement. A block
diagram of the system is shown in Figure 1.

RECEIVER REQUIREMENTS

The receiver is required to collect the raw phase and amplitude
data during the scanning of the probe over the array surface. To
provide the most productivity, the receiver must do this for alt
antenna ports and RF cable calibration data simultaneously.
Further, it must accomplish this at all test frequencies and at
both probe polarizations. Finally, the receiver must have a high
enough data rate to allow the data be collected during a single
scan while operating the scanner near its maximum design
speed.

The Scientific-Atlanta Model 1795 Microwave Receiver meets
this requirement. It includes the following features which
provide the necessary capability to meet the requirement:

1. 5000 measurements per second. - The Model 1795 can
perform 5000 complex phasor measurements per second.
This is necessary to collect the massive amourit of data from
the test array in the shortest possible time. Using this
capability all data can be collected on the array in a single
pass. This provides the best productivity and reduces the
thermal  drift-over-time-error  further enhancing data
accuracy.

2. Multi-Channel measurements. - Through the use of muiti-
plexers on both the AUT and the system probe, data can be
simultaneously collected at both orthogonal polarizations as
well as on the measurement port and calibration RF paths.
This feature allows real time phase correction of the RF path
and collection of both polarization components during each
scan. To provide synchronization with the receiver's

measurement period, the multiplexers are under control of
the receiver and the Data Acquisition Co-processor.

3. In-phase/Quadrature-phase output format. - The 1795 can
be configured to provide measured data to the system
computer in | and Q format. This feature reduces the
amount of post processing required on the data as the
transformation algorithms require data to be represented in
| and Q.

4. Frequency Agility. - The 1795 when combined with the S-A
Model 2180 Signal Source provides up to 100 frequency
steps per second. By forcing the source to slew at a high
rate between frequencies rather than step, the receiver
maintains phase lock during the frequency change period.
Therefore the system measurement time per frequency is
minimized. This allows data collection at all Spar's test
frequencies during a single scan reducing the total test time.

5. Measurement Control Buffer, - A Measurement Contro!
Buffer (MCB) facilitates the high speed muiti-beam, multj-
frequency, multi-port measurement. It does this by allowing
key receiver parameters to be altered for each measurement.
An internal look-up table in the receiver holds prepro-
grammed receiver parameters which are associated with a
MCB index number. When the receiver is triggered for a
measurement, the parameters for that index location are
used and the table pointer increased by 1. This allows key
receiver parameters to be changed "on the fly" without a
command time penalty. The MCB can contain up to 512
different settings and is loaded via the IEEE bus at the
beginning of the test.

SIGNAL SOURCE REQUIREMENTS

The Signal Source is required to generate stable and accurate RE
signais for the test. The signal source output signal must be
very stable and of sufficient power level to provide system
dynamic range necessary for accurate measurements. It must
also support the speed and versatility of the system receiver by
providing a high degree of frequency agility. The Scientific-
Atlanta Model 2180 Signal Source with its companion Modei
2186 Microwave Synthesizer meets the Spar test requirement,.

1. Remote operation. - The Model 2180 Signal source consists
of two separately located stations; the Source/Synthesizer
and the Remote Control Unit (RCU). The Source/Synthesizer
combination are located in the test chamber situated near
the AUT and scanner. This provides the lowest possible RF
loss between the source and the antennas maximizing the
system dynamic range. The RCU is located within the
operator console and provides easy access by the operator
to source controls and computer interface. The source and
RCU are interconnected via a RS-232/449 serial interface.

2. Synthesized accuracy and stability. - To insure accurate
measurements, stable frequencies are required. Frequency
drift over time or temperature will introduce errors into the
measured data degrading the final results. Repeatability of
the measurement is also a function of the accuracy and
stability of the source. The Mode! 2180 provides typical
accuracies of 2.5 parts per 107 and stability of 1 part in
10°7°C. This is sufficient to provide the level of accuracy
required.

3. Frequency Agility. - The ability to acquire data at multiple-
frequencies during the scan is very important if a high
degree of production efficiency is to be achieved. Thae
Model 2180 achieves its frequency agility through several
unique features.



The 2180 is designed to slew as it changes frequency rather
than instantaneously step as is the case with conventional
sources. When a frequency change is commanded, the
source slews to the new frequency at a 40 GHz per second
rate. This slew rate, while fast, does not exceed the
receiver’'s tracking rate, Therefore the receiver is not
required to re-acquire phase lock when the new frequency
is reached. This greatly reduces its measurement period.

In addition, the source provides a communication interface
to the receiver which provides tuning and band information
to the receiver. This allows the receiver to initially acquire
the source and phase lock to it. It also uses this data during
band crossings to minimize the time to make these
transitions.

To reduce the time required for the computer to issue
frequency commands, the source allows entries as a list of
frequencies. Frequencies can be entered in several ways; as
a discrete list, as start, stop and increment values and as
start and stop values and number of steps. Once the list is
created, frequency changes are commanded by a simple
trigger which causes the source to sequentially step through
the list.

SCANNER CONTROL AND READOUT REQUIREMENTS

The scanner control and readout system must accurately control
the X-Y scanner to move the system probe over the scan plane,
accurately measure the position of the probe at each record point
and supply this measured data to the system computer to be
stored. Again, measurement speed and accuracy are primary
requirements. - Measurement speed is important both for
decreasing the overall test time and for insuring that the
measured position data is closely coupled to the measured RF
data. A time lag between the RF and position data measure-
ments will result in errors in the final transformed data. In
addition, the data must be collected over a very accurate x-y
data grid. Deviations from a true grid will corrupt the accuracy
of the transformed data.

The scanner control and readout subsystem designed for the
system consists of customer-furnished-equipment {CFE) and
Scientific-Atlanta supplied equipment. Key features of the
system include:

1. Controi of the scanner X and Y axes are under computer
control. - A Scientific-Atlanta designed interface and control
unit provides x-y axis select and position control information
from the computer to the scanner control system. The com-
puter programs control alt major positioning functions to step
and scan the axes at the proper speed for fast, accurate
data collection.

The system can be configured to acquire data while always
scanning in the same direction; i.e. the probe is retraced
between scans; or, while scanning in both directions. The
latter is the most efficient because the system does not have
to wait during the time the probe is retracing to the
beginning of each successive scan. With the system
designed to collect data at nearly the scanner’s maximum
designed speed, using bi-directional scanning can improve
the acquisition speed by nearly a factor of two. However,
providing a uniform data grid requires reversing the sequence
of the data measurement process on alternate scans. The
acquisition software accomplishes this by reversing the
beam and frequency index tables on successive scans.

2. Provide X and Y position data for record increment trigger
generation. - The acquisition process requires precision
position data -to generate accurate record increment triggers
for RF data sampling. Since RF data is taken while the

probe is moving, the measurement of probe position at the
instant of RF sampling is essential for accurate near-field to
far-field transformations.

A Spar furnished HP Model 5527 Laser Interferometer is
interfaced to a Scientific-Atlanta scanner display unit. The
display unit receives x and y data from the interferometer
and provides position information to the Data Acquisition Co-
processor (DAC). The DAC uses this data to generate the
record increment triggers and to supply position data to the
computer for storage.

3.3 RF SYSTEM

The RF System is designed to provide accurate and stable RF
paths between the system probe, signal source, receiver and
AUT. The system must provide low loss to insure a good signal
to noise ratio commensurate with the required measurement
accuracy. The RF paths are also designed to provide a means
for compensating for any phase drift due to temperature or
motion. Errors here will result in measurement errors in the
transformed data.

Several features were incorporated into the RF design to enhance
the overall accuracy and stability of the system. These features
include;

1. Equipment shielding. - Shielded enclosures are used to house
the equipment located within the test chamber. This
includes enclosures for the system signal source and the
receiver front end. These enclosures will ensure minimal
leakage between measurement and reference signal
channels. An added benefit of these enclosures is to act as
temperature moderators since their thermal mass will tend
to average any short term temperature drift.

2. Length matched reference cable. - Ideally good temperature
drift characteristics could be achieved if both the signal and
reference RF cables were exactly the same length and were
presented with the same temperature changes. This
unfortunately is difficult to achieve in practice. However, a
length of reference path cable equal to the length of the x-
axis path length will act to track temperature changes that
the x-axis cable may experience. This is because the
reference path cable can be run along a similar route in a
virtually identical temperature environment that the x-axis
signal channel encounters.

3. Control of signal loss. - Spar’'s requirement necessitates the
ability to automatically reverse the operation of the range
from AUT test-on-transmit to test-on-receive without
recabling. This requires that all switching on the probe
carriage be bi-directionai and that the first down conversion
mixer be located on the receiver side of any transmit/receive
switch matrices. This design requirement is contrary to
what would be desirable to minimize RF loss. The use of the
lowest loss and most phase stable cables available was a
design requirement.

4, Temperature change drift control and compensation. - The
control or compensation of temperature effects is a primary
consideration of the RF design. Temperature drift on system
components is manifested in two ways:

a. Temperature gradient as a function of y-axis probe
position.

b. Long term temperature drift.

Both of these effects are present simultaneously and may
be difficult to separate.



The effects of long term thermal drift are reduced through
a return to local point scheme. Thermal drift data acquired
at discrete local points at the beginning of the test are used
to correct for long term drift that may occur during the long
acquisition time associated with the test. Though effective
in removing long term drift, this technique cannot correct
for short term temperature variations or scanner cable
motion.

To correct for these effects, the Spar system utilizes a
unique method of temperature drift correction proprietary to
Scientific-Atlanta. The approach involves the use of a
multiple path RF cable system installed on articulated arms
connected to the x-y scanner. This multiple RF path
scheme takes advantage of the redundancy available when
more than one RF path is placed on the scanning system.
By passing the same signal through identical paths and
comparing the results, the variations in these paths due to
motion and short term temperature drift can be monitored.
Fluctuations produced in these paths can be removed by the
use of post processing.

The precise procedure detaii and methodology is proprietary
to Scientific-Atlanta.

3.4 COMPUTER

The computer system is designed to provide the interfaces,
control and data management capability to perform the measure-
ment. The computer must be able to accomplish these tasks in
real time, during the scan, without slowing down the measure-
ment process. It is also desirable that the data be easily
transportable via magnetic media or data link in an industry
accepted format. While many computer systems are available
which will meet the measurement requirement, cost is also an
important criteria, Ideally, what is required is achieving
maximum system performance at the lowest possible cost.

The computer system selected to meet the Spar measurement
requirement is based on the standard Model 2095 configuration.
It consists of a high performance industry standard personal
computer as the host controller with associated peripherals for
data storage and output.

The Computer system consists of the following hardware items:

Compaq 80386, 33 MHz PC with an 80387 coprocessor,
16 Mb RAM, 650 Mb Hard Drive, 40 Mb Streaming Tape
Drive and Dual Floppy Disk Drives

Multisync Color Monitor

High Speed Laser Printer

Muitipen Color Plotter

Ethernet LAN

Scientific-Atlanta Data Acquisition Coprocessor{DAC)

The system runs under the {BM 0S/2 Operating system using a
windows based operator interface. Instrument communications,
control and status monitoring is via the IEEE-488 interface bus.
However due to speed limitations of the |EEE bus, measurement
data is transferred via high speed parallel interfaces using the
Data Acquisition Coprocessor.

The Data Acquisition Coprocessor(DAC) is a co-resident
processor that interfaces the measurement instrumentation and
the microcomputer. its purpose is to provide high-speed
sequencing of the measurement instruments and collection of
the measurement data from the high-speed parallel interfaces.
This provides much faster system operation than is possible
using strictly software control of the measurement instruments.
In addition, the DAC refieves the controller from most of the data
acquisition chores freeing it to perform multi-tasking operations
during data acquisition.

The tests specified for the Spar antenna include collection of
AUT data at several frequencies and beams at two polarizations.
All data must be collected for approximately 86,400 x-y grid
points.  This will resuit in data file sizes which range between
approximately 70 and 121 Mb. Data will be recorded on the
650 Mb hard disk.

The color monitor, laser printer and multipen color plotter are
used to output data from the system. Output data consists of
near-field and far-field radiation patterns, various analysis
programs, and data listings. Patterns can be output in a variety
of 2D and 3D formats in both monochrome and color. Aperture
distribution data is also similarly output.

3.5 SOFTWARE

The software is designed to provide the capability to perform
data collection, data correction, near-field to far-field
transformation, data management, data analysis, networking and
system diagnostics and configuration. It accomplishes these
tasks through a user-friendly interface in a format that the
antenna engineer or technician can understand. The planar near-
field portion of the software is based on the theory and
procedures devised and implemented by NIST,

The software is designed to allow the flexibility to reconfigure
the system to take advantage of the instrumentation measure-
ment speed for a given set of test parameters. It is also

- important for the user to be able to easily modify the software

to provide for future requirements or special cases.

The software furnished with the Spar system includes the
standard Model 2095 Operating Software and the Planar Near-
field Software Option for the Model 2095. The Planar Near-Field
Software resides within the 2095 Software and consists of the
following major modules (refer to Figure 2):

PLANAR NEAR-FIELD ACQUISITION

The acquisition software consists of a set of user entered
parameters that define for each test the instrumentation set-up,
scanner axes definitions and motion characteristics, beam
steering control, and measurement and calibration data to be
recorded. During acquisition the instrumentation is controlled
and data is recorded over an accurate X - Y grid.

The data acquisition software supports performing all scans in
the same direction or it can perform bi-directional scanning by
recording data during what would normally be the scan retrace
period. Bi-directional scanning can reduce the total acquisition
time by up to a factor of two. Since 3 typical scan includes data
recorded at multiple frequencies, ports and beam positions .
sampled sequentially, care must be taken to insure that each
parameter is recorded on an accurate grid position. This is done
by reversing the data acquisition sequence on alternate scans
and using sub-increment triggering to sample the data.

DATA CORRECTION

Several data correction routines are included in the near-field
software option to insure accurate data including: (Figure 3)

1. Thermal drift correction - Thermal drift correction data is
recorded immediately preceding collection of the near-field
data and then at defined times during the test. These
measurements are made at widely spaced record increments
over a short period of time. The data is then used to
correct the near-field data for drift which may have occurred
during the actual near-field acquisition. The correction is
performed by comparing the thermal drift correction data
recorded at different times during the scan and using inter-
polation to correct the entire data file.



2. Scanner error map - Phase and amplitude data collected
during the scan is corrected according to a previously
recorded scanner position error map and a file containing
beam number and steering angle. -

3. Probe Channel imbalance - The co-polarization imbalance
errors associated with a dual ported probe and its
associated cables are measured and stored as a data file.
This data is used to correct the measured co-and cross-
polarization near-field data.

4. Gain Calibration - Prior to collection of the near-field data a
short circuit gain calibration is performed. This gain data is
stored in a file which is then used to calibrate the gain of
the AUT.

5. Receiver Amplitude Calibration - Non-linearity errors
associated with the receiver are measured using a known
standard and stored in a file. This data is then used to
correct the measured near-field data.

6. Probe Pattern Correction - Probe pattern calibration data is
obtained from NIST. This data is stored in a file and used
to correct the transformed far-field data to vyield the test
antenna plane-wave spectrum.

7. AUT Element Pattern - Pattern coefficients of the AUT
elements are entered into a file and used to correct the
aperture distribution transformed data to obtain the plane
wave spectrum of the close-in field.

DATA TRANSFORMATION

The near-field to far-field transform is essentially a two-
dimensional Fourier Transform on each polarization component.
The transform takes amplitude/phase for each component as a
function of x and y and vyields the far-field amplitude and phase
as a function of K, and K,. Since the data is taken at equally
spaced intervals, a Fast Fourier Transform (FFT) aigorithm is
used to reduce processing time. The transform is applied as a
one-dimensional FFT first in the x-axis data columns and then in
the data rows. The result is the coupling product spectrum, {See
Figure 4.)

Following transformation, probe pattern correction is applied
using the NIST supplied probe calibration coefficients. The result
is the AUT far-field plane-wave spectrum.

POST TRANSFORM PROCESSING

Following the near-field to far-field transform the data is
processed to provide the desired output files. The following
processing files are available (Refer to Figure 5):

1. Inverse Transform to the Aperture and Reconstruction -This
routine will provide the AUT field at user selectable
distances from the AUT. This is accomplished by a reverse
Fourier Transform of the far-field data. The data can be
corrected for the AUT element pattern using the element
pattern correction file. Also, by using standard Fourier
techniques, fine grid spacing of the data can be generated
from the coarsely spaced measurement grid prior to display
of the data.

2, Coordinate Conversion and Reconstruction - Following
transformation data is stored versus K, and K,. This
program converts this K space data to data spaced at equal
angular increments. Fourier reconstruction techniques can
also be selected to provide fine grain detail of the data.
This permits single cut or full contour patterns to be
displayed with excellent accuracy and high resolution in
either K space or angular coordinates.

DATA ANALYSIS AND DISPLAY

Following the planar near-field processing functions the resulting
far-field data can be displayed and analyzed using the standard
Model 2095 output modules. These outputs include:

Two dimensional plots, rectangular and polar in angular or
linear coordinates

Three dimensional plots, contour and perspective in K, linear
or angular coordinates

Gain analysis
Boresight analysis
Beamwidth analysis for arbitrary user definable beamwidths

Polarization analysis for determining axial ratio, tilt angle and
Poincare’ sphere parameters

RMS sidelobe analysis based on a principal plane cut

These outputs are available for display on the system monitor,
laser printer or x-y plotter.

3.6 TEST TIME

Test times have been calculated for three separate test configu-
rations (modes). The specification requires that each test be
completed in less than 20 hours.

These times are estimated using the multiple path drift correction
technique discussed above and using bi-directional scanning.
Using single direction scanning will result in approximately twice
the calculated times.
The three modes are defined as follows:

Mode |: 1 Beam
2 Polarizations
25 Frequencies
4 Ports
Mode il: 4 Beams
2 Polarizations
10 Frequencies
4 Ports

Mode 1ll:  Mode | in reverse range mode

The test time required to complete the data acquisition process.
can be estimated from a knowiedge of the antenna controi time,
the instrumentation performance and the test mode being per-
formed. Standard times are allocated for the following events:

1. Beam switching:
50 microseconds for the AUT
2Q microseconds for the S-A 2095
70 microseconds total

2. Frequency change:
10 milliseconds max (changes less than 100 MHZ)

3. ‘ Polarization switching:
0 microseconds lincluded in S-A 1795 timing)

4. Receiver aperture time:
200 microseconds per channel

5. Scanner axis speed:
10 cm per second



X-Y Grid size:

120 samples per scan by 720 scans 86,400 grid
points
7. Sample spacing:
2.5cm
MODE | TEST
Time per X-Y grid point:
1000 microsec for 5 channels * 25
measurements 25 millisec
10 millisec per frequency * 25 frequencies 250 millisec
Frequency retrace time 10 millisec
Subtotal 285 millisec

120 sample points * 285 millisec
Step time to next scan

34.2 seconds
10 seconds

Subtotal 42.4 seconds
Number of scans 720
Total scan time = 720 scans * 42.4

sec/scan 8.5 Hours
Drift Correction .5 Hours
Total test time 9 Hours
MODE Il TEST
Time per X-Y grid point;
1000 microsec for 5 channels * 40
measurements 40 millisec
10 millisec per frequency * 10 frequencies 100 millisec
Frequency retrace time 10 millisec
70 microsec per beam X 4 beams .28 millisec
Subtotal 150 millisec

Tim r n:

120 sample points * 150 millisec

30 seconds*

Step time to next scan 10 seconds
Subtotal 40 seconds
Number of scans: 720
Total scan time = 720 scans * 40
sec/scan 8 Hours
Drift Correction .5 Hours
Total test time 8.5 Hours

* Note that the time per scan calculates to 18 seconds. How-
ever in this application the scanner speed is limited to 30 sec per
scan, This test is therefore scanner speed limited.

MODE Il TEST
Mode il test is identical to Mode | except the range is reversed.

There is no difference in system timing between AUT transmit
and AUT receive Modes.

4. SUMMARY

The Planar Near-field system being furnished to Spar is based on
the Scientific-Atlanta Model 2095 Microwave Measurement
System. It is a completely integrated instrumentation system
utilizing standard Scientific-Atlanta measurement
instrumentation. it includes the computer and all necessary
software to automatically perform automated testing of
antennas. Versatility, flexibility, measurement speed and
accuracy were key requirements in the design of the system,

Many standard features of the 2095 are specifically applicable
to meeting the Spar measurement requirement. These features
include multi-channel measurements, a high degree of frequency
agility, simultaneous dual polarization measurements, beam
steering control, and muiti-tasking functions.

Special capabilities and software are included as part of the
2095 to specifically address the planar near-field requirement.
This includes scanner control and readout hardware, bi-
directional scanning, RF path error correction, data correction
and calibration routines, PNF transform software.

To be installed in the fall of 1991, the Planar Near-Field system
will provide to Spar a state-of-the-art measurement facility with
unequalled performance.
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Table 1
Measurement Requirements
RADARSAT SAR Antenna

Parameter To Be Measured

Accuracy Requirements

Gain

Elevation Plane :
Pointing
Sidelobe Levels

+0.25 dB absolute bias
+0.05 dB relative
throughout the frequency
band

+0.02°
Error term < -42 dB
(relative to beam Peak)

Azimuth Plane :
Pointing Angle
Sidelobe Levels

+0.05°
Error term -40 dB
(relative to beam Peak

Table 2
Environment

Temperature:

Temperature Gradient:
{along the vertical)

Humidity:
Pressure:
Cleanliness:

Air Velocity
{in the vicinity of the AUT)

RF Absorber
Characteristics

22°C + 2°C

< 2°C

45% + 15%
Normal
Standard

< 50 ft/min

8 inches or larger

Table 3
Planar Near-Field Facility Accuracy Specifications

1 - Probe Cross Polarization
Isolation Uncertainty
{(nominal X-Pol < -30 d8
is calibrated and
corrected for)

-40 dB relative to co-pol

2 - RF Subsystem Errors:
Receiver Response:
- Deviations from the
calibrated curve

- Receiver Noise Level

- Amplitude Errors
{Random) {*)

- Phase Errors
{Random) {*)

-46 dB RMS
-60 dB RMS
24-A
' 7 dB
200 d
40-A
80 deg.

(A =level relative to field
peak value in dB, A<0)

3 - Crosstalk and Leakage <-70 dB
Levels (refative to near-field
maximumy}
4 - Range Reflectivity Level | <-55 dB
{including near-field
probe to AUT reflection)
5 - Probe (vert. axis)
Accuracy
Known portion 0.1 mm (peak)
Uncertainty 0.02 mm RMS

(assumes no scanner error)

*)

includes all errors in the RF subsystem.

In mode Il of

operation (Refer to Section 3.2.2), the amplitude and phase
errors also include the inaccuracy introduced by the AUT
due to switching of the phase shifters, of 0.25° RMS in
phase and 0.02 dB RMS in amplitude. These errors are the
unknown portion of the total error.

SPAR 2095/PNF SYSTEM

Figure 1.
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