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SUMMARY
This paper reports some interim results relating to an on-going effort to de-
velop an electronic processor for real-time processing of synthetic aperture
radar data. An experimental laboratory processor is being developed as a
testbed for design of on-board processors for future space missions. This
paper describes the configuration of the experimental processor and discus-
ses technical factors pertaining to the design.

1.0 INTRODUCTION

The utility of airborne synthetic aperture radar (SAR) [1] [2] has been ex-
tensively investigated in the past two decades. Because of the capability
of microwaves to penetrate through clouds and the unique contrast character-
istics in SAR imagery, radar imaging is considered particularly useful for:
surface topographic mapping and for all-weather sea state observations. To
extend the utility of airborne SAR so that the imaging radar could also be
used as a global envirommental monitoring device, NASA is planning to launch
a series of earth and planetary spacecraft with on-board imsging radars.

The SEASAT-A satellite which will be launched in May 1978, is the first in
the series. The SEASAT-A radar is designed to be able to produce imagery

with 25 meter resolution and 100 km swath width on the earth's surface [3].

The high resolution and wide swath coverage called for by the SEASAT-A SAR
imply an extremely high data acquisition rate. SEASAT-A will use a newly
developed ground-based digital tape recorder with 120M bits per second re-
cording capability. The large amount of SAR data acquired must be processed

* This paper presents the results of one phase of research carried out
at the Jet Propulsion Laboratory, California Institute of Technology,
under Contract No. NAST-100, sponsored by the National Aeronautics
and Space Administration.



to produce images in a satisfactory format. Due to various peculiarities in
the doppler characteristics of spaceborne SAR data, the SAR processing and
associated compensation procedures can be very involved. Currently available

SAR processors are not able to produce the imagery in a timely and economic
manner.

Although SEASAT-A SAR sets a data acquisition rate from the spaceborne sensor
that is unprecedented, future earth orbit imaging radars may adopt similar
performance criteria and data acquisition requirements. An effective way to
meet the data processing needs in future anticipated operational radar imaging
missions is to employ on~board SAR processors. Such on-board processors would
produce SAR imagery from echo signals in realtime. Not only can the trans-
mission bandwidth for imagery data be reduced by a large factor (compared with
the unprocessed raw data transmission rate), but direct image transmission to
users in the vicinity of the sensor also simplifies the data handling and

distribution procedures.

To achieve the goal of on-board SAR processing, JPL initiated a phased
development task in the beginning of FY 77. The first phase involves develcp-
ment of a ground based experimental SAR processor. This processor will have
the capability to perform realtime SAR processing. The processor architeciure
and device technology will be chosen to be amenable to future on-board
implementation. After its completion, scheduled for the end of FY 79, the
performance of the processor will be evaluated by processing a 20 km swath of
the then available SEASAT-A SAR data at the real-time data rate. The output
image data will comprise 4 looks and exhibit 25M resolution. The next phase
of the work involves the design and corutruction of a SAR processor to be used
in an on-board processing experiment on a future Shuttle Imaging Radar (SIR)
mission. Also, it is anticipated that a simple low-resolution on-board SAR
processor will be developed for a 1983 Venus Orbital Imaging Radar (VOIR)
Mission. The development of tliese two on-board processors may hegin prior t
the completion of the ground based experimental processor. Nevertheless,
concepts, details of the design, and perhaps some specially developed devices
will be directly applicable to these follow-on activities. Although the

emphasis has been placed on the development of on-board SAR processors, the
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ground-based experimental SAR processor naturally will serve also as a model

for real-time ground staticn processing of future spacecraft-gathered SAR data.

The task of developing the experimental SAR processor was divided into the
following three phases: the system design, the detailed design, and the
implementation. The system design phase was concluded near the end of FY T77.
The task 1is currently in the phase of detailed design. Major issues resolved
in the system design phase include the formulation of the design requirements,
the selection of the correlator architecture, and the development of real-time
processing control procedures. This paper reports some results related to the
processor system design and analysis. A brief description of the overall sys-
tem will be given first. Study results related to the spaceborne SAR doppler
characteristics will be discussed to establish the design requirements for the
azimuth correlator. Discussion then proceeds to the criteria for selectirg a
correlator architecture, the clutterlock approach, and the procedures for

generating processing parameters in real-time.

2.0 SAR PROCESSOR REQUIREMENTS

An important reason for developing the experimental SAR processor is t5 obtain

a breadboard upplicable to several future operationel spaceborne SAR missions.
To meet this objective, the data processing needs for several articipated future
spacecraft SAR missions were analyzed to establish a set of design requirements
and guidelines fon the experimental processor. Those anticipated missions
include the Shuttle Imaging Radar (SIR) flights, the 1983 Venus Orbital Imaging
Radar (VOIR), and the SEASAT follow-up missions. Most of these missions are
5till in the planning stage. The radar parameters and the performance criteria
are not yet fully established. The mission objectives, however, are expected
to require a high resolution imaging mede, which provides multiple-look images
at a spatial resolution couparable to the 25 meter resolution required by
SEASAT-A. This observation in conjunction with the fact that SEASAT-A SAR

datae will be the only spaceborne SAR data avallable by the end of 1979 lead to
the selection of the SEASAT-A SAR as the reference radar sensor for the develop-
ment. The sensor characteristics and the performance requirements of the
experimental processor (adopted from the SEASAT-A specifications) are tabulated
in Table 1. A modular approach was chosen to simplify the problem of process-
ing data over a wide swath. A swath width of 20 km, which is one-fifth of the
SEASAT-A SAR swath, was chosen for the experimental SAR processor,
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SENSOR CHARACTERIST™. AL ' <~ PERFORMANCE REQUIREMENTS
OF TH: .XPETIME. L SAR PROCESSOR

SAR System Paremeters (SEASAT-A SAR)
SAR Orbit
Nominal Altitude
Nominal Speed
Transmitter Freguency
Pulse Repetition Frequency
Pulse Width
Pulse Bandwidth
A/D Rate for Range Offset Signals
A/D Window
Antenna Dimension
Antenna Lcok Angle

Attitude (roll, pitch, yaw) Accuracy

Experimental Processor Performance Requirements
Image Swath
Image Resolution
Number of Looks
Image Dynamic Range

Data Processing Speed
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SEASAT-A Urbit
T94% lom

7450 m/sec

1275 MHz
1463,1537,1645 Hz
33.8 u sec

19 MHz

45.03 MHz

288 1 sec

2m X 10.5m

20° cone, 90o clock

+0.5°

20 km
25 m
k

50 @B

Real~Time Rate



3.0 EXPERIMENTAL SAR PROCESSOR CONFIGURATION

A block diagram of the experimental SAR processor is shown in Figure 1. The
three major elements in the processor are the range correlator, the azimuth
correlator, and the control processor. The range correlator compresses the
transmitted pulse waveform into a short pulse. The synthetic aperture pro-
cessing which refines the antenna azimuth beamwidth is performed in the azi-~
auth correlator. The control processor is mainly responsible for the gener-
ation of a target response function which is matched to the received echo
signals. The control processor also produces various timing signals to
synchronize the data processing operations. The block diagram shown in Fi-
gure 1 also indicates that the range correlation is performed prior +o the
azimuth correlation. This order can not be altered since the azimuth Dopp-
ler response of a target is range dependent. A more detailed discussion of
this requirement is given in [4].

HIGH RATE RANGE AZIMUTH SAR
P ——
SAR DATA CORRELATOR CORRELATOR IMAGERY
A [
b e — SINGLE-LOOK
Vo IMAGE LINES
: . A2. REFERENCES
{
CONTROL f—",——’ I
PROCESSOR P! |‘-"——‘-————"'“—‘l
TIMING AND RLFERENCE MULTIPLE-LOOK
CONTROL  — -3 EQUENCER | — PJ FUNCTION SPECTRUM CLUTTERLOCK
SIGNALS GENERATOR |- - ANALYZER SYSTEM
ORIGINAL PAGE IS 02361 SRATA ATTITUDE
R DATA

Fig. 1 The Experimental SAR Processor Blockdiagrem

The design of the data flow rate in the processor also needs some special
crmsideration. It is necessary to accommodate different pulse repetition
frequency (PRF) values. The sampling frequency or the received echo is
determined by the radar bandwidth, and thus is independent of the PRF, To
make the system tolerant of changes in the value of the PRF, a harmonic of
the PRF is used to synchronize the date processing operations. In multi-look
processing, the iuage data output from the overlay register occurs in bursts.
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Time expansion to achieve a near uniform output rate is desirable. A constant
tlock rate derived from the input sample clock can be used to produce a uniform
. output data rate. In this arrangement, the input and oo. . data rates are

properly matched and are independent of PRF changes.

The range ¢ 2lation in SAR processing is a relatively streightforward
function compared with the synthetic aperture processing. Also, it is antici-
» ted that future missions will use transmitter codes other than the linear
FM chirp of SEASAT-A SAR. For these two reasons, it is planned to utilize
programmable digital matched filters for the experimental SAR processor.

The development emphasis is on the synthetic aperture processing. Detailed
discussions relating to the azimuth correlator and the control processor are

given in the foliowing sections.

4.0 SYNTHETIC APFR ROCESSING FOR S

Accurate knowledge of the target Dopy .er characteristics is essential to
produce high quality spaceborne SAR imagery. The factors which determine the
target Doppler characteristics are therefore discussed in detail.

4,1 THE SPACEBORNE SAR DOPPLER CHARACTERISTICS

In a ecoherent radar system such as & SAR, the variation of phase in the

returned signals is directly related to the distance history between the

sensor and the target. The analysis ot doppler phase history thus is equiv-
alent to the study of the relative motion between the sensor and targets on

the planet surface. The relative motior problem for a spaceborne SAR is
usually more complex than that for an airborne “AR. For the spaceborne SAR,
both the sensor and targets must be treated a. mcving bodies. The problem in
many cases is further complicated by the fact that the curvature of the rlanet's
surface causes the target velocity vector to depend upon the position of the
target in the swath. To analyze the problem, we have assumed an elliptical
spacecraft orbit and an oblate planet surface. The position of the spacecraft
in the orbit is first chosen according to a specified orbit Litit.de angle.

The position of the target then can be determined by specifying a radar a*titulde
angle. Assuming that ﬁb, Vb, and Ao are respectively, the relative position,
velccity, and acceleration vectors over a very short period of synthetic
aperture integration then the distance history, R(t), can be approximated by

the following expression:
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With the distance history shown above, the phase history, ¢(t), can be
approximated as follows:
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and A is the radar waveiength. The two factors F and F shown above are the
instantaneous doppler frequency and the loppler chirp rate at the center of the
aperture. Egs. 2 and 3, show that the Jdoppler center frequency is a function of
relative speed along the radial direction, whereas the doppler chirp rate is a
functicn of the relative acceleration. The first term in the radial accelera-
tion can be referred to as the centrifugal acceleration. The second term is a
direct result of the acceleration vector which is mainly due to the gravitation

effect on the spacecraft free orbit motion.

A numerical study of the sensor-target relative motion problem showed that

Eq. 2 provides an accurate measure of the phase history over the full 2.5

second SAR integration time required by SEASAT-A. This leads to the conclusion
that the doppler frequency and the doppler chirp rate are the tvo most important
parameters for azimuth correlation. Assuming a plus and minus one degree
variation in the antenna roll, pitch, and yaw altitude, the range of doppler
frequencies and chirp rates that tre azimuth correlation must accept are

plotted in Figures 2 and 3. These two figures show that the doppler frequency
and chirp rate are dependent upon both the spacecraft position and the target
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slant range. The azimuth correlator, therefore, must be designed to
accommodate such variations in the processing parameters.

Tvo major design requirements of particular importance are the synthetic
aperture integration time and the amount of range migration to be compensated
over the aperture width. The required integration time is determined based on
the following factors: the doppler chirp rate shown in Figure 2, the sensor
speed relative to the planet's surface, snd the azimuth resolution requirement.
It vas determined that a 0.62 second-per-look integration time meets the 25r
resolution requirement. The number of range pulses to be integrated per look
is about 1020 at the highest PRF value. An attitude variation of tlo in roll,
pitck, and yaw corresponds to a doppler frequency range of approximately

$3000 Hz. Such a doppler frequency range calls for a range walk compensation
capability of 128 range bins (complex samples) over the total four-look
integraticn time.

The eccuracy required for the doppler frequency and the doppler chirp rate
used for azimuth correlation was investigated. A small error in the doppler
center frequency causes a slight degradation in the image signal-to-noise
ratio. To avoid double features in the processed imagery which result from
spectrum foldover, the error must be kept within the difference between the
PRF and the processing bandwidth. The doppler chirp rate is a slowly varying
function vith respect to the target slant range. For singie-look high resolu-
tion processing, the criterion is that the phase error at both ends of the
synthetic aperture, as caused by an incorrect -stimate of the chirp rate, must
be within t90°. For multiple-look processing, an crror in the chirp rate
directly results in misregistration of the pixels produced from single-look
processing. To produce 25m resolution L-look imagery from SEASAT-A SAP, and
to limit the misregistration error to within one-quarter of a resolution ele-
ment, the accuracy of the predicted doppler chirp rate ..ust be ~ithin 0.5 Hz

per second.

4.2 THE DESIGN OF THE AZIMUTH CORRELATOR

4,2.1 A TIME DOMAIN CORRELATOR ARCHITECTURE

The azimuth correlator performs the correlation between the radar signals and

the predicted point target response. The architecture selected must have:
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(1) the capability to accommodate the varying doppler characteristics in real-
time, (2) simplicity in the processing control, and (3) amenability to Puture
on-board implementation. A number of processor architectures are available.
Those using electronic processing t~echniques include the one-stage and tw--
stage fast Fourier transform approaches [5, 6], the time-dowsain correlat.(.
approaches (7, &, 9], the digital matched filters [4], etc. For the spw 2-
borne SAR processing application, where high resolution multiple-locs im-ging
is required, the time-domain correlation espproach was selected for im»ieaenta-
tion. Two major advantages associated with the time-domain approach are the
high degree of parallelism that facilitates custom large-s~ale-intezratcd (LSI)
circuit implementation, and the relatively simple control for the pit¢cess ng
and multiple-look registration. The selected time-domain architecture, s:own
in Figure 4, involves many phase shifters and data accumulators. A more
detailed discussion of this architecture and the associated LSI implementation
consideration is provided in [10].

INPUT SIGNAL

MIGRAT ION 1 GATE
CORRECTION

REFE
nﬁncﬁougs =S5 MULTIPLIER

ADDER

LINE
STORAGE
FOR

COHERENT
INTEGRATION ACCUMULATOR

————> QUTPUT

¥ Li CORRELATED
MUX

Fig. 4 A Time-Domain Azimuth Correlator Architecture
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4.2.2 MULTIPLE LOOK REGISTRATION

To produce multiple-look imagery, the time-domain correlstors are structured
into a number of modules, each producing single look imagery. Assuming that
the doppler center frequency and the doppler chirp rate are known, the phase
reference function over the total synthetic aperture is determined by Eq. 2.
This function will be partitioned into several segments of equal length. Fach
segment of the reference function is then used to produce single-lcok imagery.
This method causes the different looks at each target location to correspond
to data acquired at different times relative to the center of the synthetic
aperture. To overlay the separate looks at the image element, the proper time
delsy must be applied to the output of single-look image lines. Using the
right parameters in Eq. 2 for the reference, and assuming that the length of
synthetic aperture is set to be a constant for each look, the timing delay to
register the image lines from adjacent looks is a constant throughout the
svath. (This is much simpler than the multiple-look registration problem
associated with the doppler frequency filtering processing approach. That
approach requires two-dimensional resampling to accomplish accurate registra-

tion of the separate looks at each pixel.)

k.2.3 AZIMUTH CORRELATION WITH PREFILTERING

Each single-iook azimuth correlator module is designed to process a portion

of the azimuth bandwidth. The dats iate for the correlation processing can

be reduced by implementing prefilters to reduce the data bandwidth. Two kinds
of prefiltering approaches can be used. One approach inserts a bandpass filter
in front of each azimuth correlator. The other approach uses a set of mixers

and lowpass filters to perform the prefiltering.

The time domain correlator architecture shown in Figure L can be used to

perform both the prefiltering and the azimuth correlation functions. Reference
function generation is easier to accomplish for the bandpass approach than for
the mixing approach. Using the proposed correlator architecture, the bandpass
filter can be implemented by applying a reference function which is the product
of a finite stage lowpass response and a sinusoidal wave with a frequency equal
to the center frequency of the passband. The reference function for the

azimuth correlator is merely a section of the original phase history of Eq. 2
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sampled at a lower rate because of the reduced azimuth bandwidth. Over a wide
swath, the references for both prefiltering and azimuth correlat un must be
adjusted to account for the fact that the doppler center frequency and the
doppler chirp rate are dependent on slant range.

The prefiltering approach implemented by mixers has the advartage that ref-
erences for both the front lowpass filtering and the azimuth correlation are
independent of the doppler center frequency. The calculation of the references,
however, is complicated by the fact that variation of the dorvler center
frequency along the swath coupled with the target range walk e’fect introduces
another chirped phase factor into the radar echo signals. To produce high
quality imagery, it would be necessary to compensate for this effact.

The calculation of the reference function has a large effect on the SAR image
quality, therefore, it must be treated very carefully. More detailed descrip-
tion of the referencs function and discussions relating to the <ffects of
phase angle quantization and the number of samples integrated are intended to

be treated in a subsequent paper.

Lk.2.4 RANGE INTERPOLATION FUNCTION

The inpct data represent discrete samples of the radar echo signal. The

timing of the sampling pulses is such that they form a rectangular grid in the
twvo-dimensional range and azimuth plane. However, the range delay history of
a point target follows a near parabolic curve. Therefore, the discrete digital
samples do not coincide wi:h the loci of maximum power return from a point tar-
get. If the processor operated upon the set of discrete samples comprising the
nearest-neighbor approximation of the curved target delay history, it would
cause & loss in the pixel signal-to-noise ratio as well as a broadening of

the target response. Use of range interpolation to introduce points nearer to
the target return curves would perform better than the nearest-neighbor

approach. Both analysis and simulation regarding to the effect of range
interprolation were conducted. Simulation results indicated that a single in-

terpolation which involves the weighted sum of four originel range samples and

introduces only one mid point between two samples is as effective as higher

order range interpolation methods. Two fundamental reasons for suggesting
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this relatively simple interpolator can be stated as follows: 1) The range
spectral response may not be known exactly. ¢) The data input for correla-
tion are often quantized to only a few binary bits. These two factors imply
that both the interpolation model and the input data will be imperfect.
Therefore, the performance of an interpolator will not be a monotonicellr
increasing functicn of its complexity [11]. Note that interpolation is con-
ducted only along the range direction. The interpolator outputs one i ter-
polated data sample in addition to each original data sample, and it thrre-
fore doubles the data rate at the input to the azimuth correlators. The range
gates shown in Fig. 4 select the right data sample to be used in subsequent

processing.

It has been determined that coherent speckle noise is a major source of dis-
tortion on SAR imagery. Error associated with imperfect interpolation is
small compared to the speckle noise.

4.3 CORRFLATOR CESIGN SUMMARY

Current baseline design of the azimuth correlator uses single-look correlator
modules. Each module produces a 20 km swath of 25 m resolution imagery. The
time~domain correlator architecture shown in Fig. 4 will be implemented for
the single-look modules.

It is also required that the implementation be flexible enough such that a
prefiltering operation later can be easily incorporated after real-time

processing using the time-domain approach has been demonstrated.

The compatibility between the 20 km correlator module and the overall 100 km
swath processing was also considered. Using this 20 km ath correlator as @
building block, five modules would be needed for real-time orc =ssing of
SEASAT-A SAR data. Lach module would be associated with its own input and
output interface buffers. The data system design incorporating the require-
ments set forth by the range compression ratio and the synthetic aperture
length are summarized in Table 2.
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TABLE 2

DATA RATE AND STORAGE DESIGN FOR
REAL~TIME SEASAT-A SAR PROCESSING

Input Interface
Input Data Rate 45.53 MHz
Width of Input Gating 4096 Samples
Gating Delay Between 20 km Modules 2304 Samples
Double Buffer Data Storage 4096x2 Samples
Output Data Rate 4 096xPRF

20 km Correlator Module
Input Data Rate L(U96XPRF
Input Pulse Width 4096 Samples
Range Correlated Pulse Width 1280 Complex
Azimuth Correlator Input Data Rate 1408xPRF
Synthetic Aperture Integration per look 1020 pulses
Range Samples atter Azimuth Correlation 1152 Samples
Output Burst Data Rate 1408xPRF

Output Interface
Input Burst Rate 1408xPRF
Double Buffer Dat . Storage 1152x2 pixels
Output Data Rate 2.5 MHz

L.k THE CONTROL PROCESSOR

The main function of the control processor is to derive accurate phase refer-
ences for the synthetic aperture processing. From the previous discussion it
is clear that the doppler center frequency and the doppler frequency rate are
the two major parameters in defining the phase delay history. There are two
ways to determine these two parameters. 7The first approach which is considered
an exact approach calculates those two parameters based on the relative
position, velocity and acceleration vectors as described in Eq. 1. For en

earth satellite, accurate spacecraft position and velocity vectors may be
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derived using the Global Positioning System [12] which is planned to be
operational in the 1980 time frame. Once the sensor position is established,
the target positions will be determined by a complicated footprint procedure
with the antenna attitude as another input. This exact approach appears dif-
ficult to perform in real-time because of its complicated arithmetic proce-
dures. For the experimental processor, a simpler approach is proposed which
is commonly used on aircraft SAR processing. This approach treats the doppler
center frequency and the doppler chirp rate separately. The procedure to
determine the doppler center frequency and to generate compensation phase

factors is generally referred to as clutterlock.

In spaceborne SAR processing, the uncertainty in the real-time predicts for
the antenna attitude may be comparable to the antenna beam width. The purpose
of the clutterlock thus is to refine the ani~nna attitude prediction and
thereby maximize the utility of transmitted energy in the azimuth dimension.

For the experimental processor, four-look processing is required. The spectrum
selected for processing will be equally partitioned into four parts, each for
a sing. 1look. It is possible to set the gains of the four single-look
correlators to be equal to each other. The image energy of each look thus is
proportional to the energy in the corresponding spectral band. The azimuth
spectrum will resemble the antenna pattern in that dimension. Let Ei be the
energy of the i-th look. A measure which indicates the symmetry of the ener-
&y on the looks relative to the center of the processing band can be written

as

M=(E1+E -E -Eh)/(E1+E2+E

>~ By *+ E,)

3

where the look numbers are ordered as shown in Fig. 5.

By applying proper delay in accumulating the Ej values, it is possible to have
the Ei values all correspond to the same target area, therefore the measure-
ment M is independent of any target scene variation. The M value is expected
to be zero if a perfect match between the estimated and the true center fre-
quencies is achieved. The integrated value of M can be used to drive a digital
version of a voltage controlled oscillator (VCO) to generate a new sinusoidal

signal to be mixed with the range correlated signal (to offset the doppler
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Fig. 5 The Partitioning of a SAR Azimuth
Spectrum for Four-Look Processing

center frequency) or to form a new set of the phase references for azimuth
processing. After this is completed, a new M value will be integrated to the
previously stored M value to generate another offset frecuency. The feedback
control in this scheme indeed resembles that of a phase-locked-loop. Since
the M measurement is independent of scene content, convergence can be attained

by properly scaling the integrated M values.

The proposed approach utilizes available single-look image data and it there-
fore minimizes the aardware required to perform this azimuth spectrum anal-
ysis. Preliminary simulation results have indicated that this method can
tolerate a large noise/ambiguity level on the input signals. An example is
briefly discussed here. The original azimuth spectra of four different
signal-to-noise ratios are plotted in Fig. 6. With a processing bandwidth of
approximately 0.8 PRF for a total of four looks, the M values of different
center frequency estimates (normalized to PRF) are plotted in Fig. 7. The

position of zero crossings all agree well with the spectral peaks.
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The clutterlock approach described above measures and reduces the center-
band doppler frequency. The remaining parameter, the doppler chirp rate,

may be estimated by substituting values of the wavelength, slan range, rela-
tive speed, the gravitational acceleration, and the look angle, into the
expression of Eq. 4. Among those quantities, th: wavelength is a constant
and the slant range for each range sample can be determined from the sample
delay. Also, the gravitation and look angle are usually known. The relative
speed is & function of both the sensor and target positions. If the space-
craft position and velocity are known, the sensor-target relative speed can

be estimated using the basic trigonometric operations.

With both the doppler frequency and the frequency rate determined, the phase
reference functions to e fed to the azimuth correlator for synthetic aperture
processing are well defined. Using the interpulse period as another input,
the quadratic phase history is easily obtained by a simple two-step integra-

tion of the doppler parameters.

5. CONCLUSION

Real-time processing of spaceborne SAR data is by uo means an easy task.
Further detailed analysis and simulation are being pursued in an effort to
search for better solutions to the SAR processing problem. It is anticipated
that this development will serve as a stepping stone toward the implementation
of future on-board SAR processors. The utility and practicality of microwave
remote sensing from space platforms will be enhanced by the development of

high-performance on-board SAR processors.
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