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Abstract

A real-time synthetic aperture radar (SAR)
image processing architecture amenzble to future
on=-board spacecraft applications is currently under
development, Using state-of-the-art charge-
coupled device [CCD) technology, low cost and
power are inherent features. Other characteristics
include the ability to reprogram correlation refer=
ence functions, correct for range migration, and
compensate for anbenna beam pointing errors on
the spacecraft in real time. The {irst spaceborne
demonatration is scheduled to be {lown as an ex-
perlment on & 1982 Shuttle im: (ing radar mission
(SIR-B). This paper describes the architecture
and implementation characteristics of this initial
spaceborne COCTY SAR image processor,

L Lr i

Synthetic aperture radar (SAR) image proces -
sing is inherently very complex. In space appli-
cations it is further complicated by such factors
as planetary rotaticn, atmospheric refraction,
and range migration. However, previous rescarch
and development performed at the Caltech Jet Fro-
pulsion Labaratory [JPL) indicate that il is feas-
ible to develop a spacecralt real-time on-board
S5AR processing L'I.Plhi.l."tl'.]i using charge-coupled
device (CCD) technology. 1s 2 A praclical on=-
board processing capability could significantly re-
duce the data rate and volome reguirements cur=
tently limiting future mission capability. Te pur-
sue thiz potential henefit, the Miice of Applications
(04 ) and the Cifice of Aeronautics and Space Tech-
nalogy (OAST) of NASA Headguarters are jointly
fl.md'i::l.g a program to 'p.rnd.‘ul:c a D:v:l.n‘pn}cnti]
Model SAR Processor (DMSF) c:.'pnhl.: of Proces-
sing spacecraft 3AR data in real time, [t should
be noted that the DMSP task represents only a part
of a much larger long-range development program
to produce a suitable on-hoard SAR processing
capability in time for SAR missions in the period
from 1981 to 1986, The DMSP itseli will be a
ground-based breadboard system capable of demon-
gtrating both an architecture and an implementa-
tion technology that I8 amenable to on-board appli-
cations, [t will use SEASAT-4 data as a toal for
dernonsirating the real-time processing of 4-look
SAHR data over a 20-kilometer swath to 25=meter
resolution. Furthermore, the DBMSP will prqu-i_da
the technical bagsis for the developrment of a [ 982
Shuttle Imaging Radar (SIR-B} on-board image pro-
cossor experiment, This paper describes the
periormance requirements and implementation
architecture for the experimental SIR-B on-
board processor.

.
This paper presents the results

[I, Processing Constraints an Guildelines

Data Systern Description

A block diagram for the proposed S5IR-B on-
board SAR data handling eyatern is provided in
Figure 1. Referring to Figure 1, three radar data
channels {two X-band and one C-band) will be si=-
multaneogaly accommodated. Therefore, a SAR
data interface wnit capable of preprocessing all
thres channels simultaneously must be provided to
prepare data {or tape glorage. Due to the large
volume of reguired data, high density tape (HDT)
recording is required. [t is alno noted from Fig-
ure | that a real-time image processor, capable
of processing SAR images from HOT tape for-
matted data for any radar channesl, (8 also bneluded
onboard, As noled previously, this represents an
experiment which s part of & current research
and advanced development (RS/AD) plan for real-
time on-hoard SAR processing development.

Radar Syatemn Design Values

The sssumed radar system design values ap-
plicable to establishing the necessary SAR procea-
sing design parameters are tabolated in Table 1
for both an X-band and a C-band radar. Referring
to Tahle I, it is poted that threc operating modes
for each radar are defined, Those l;l}l:'r\lipﬂnd to
laok angles of 152, 470, nd 602, For sach look
angle, it is assumed that one X-band radar (with
dyal polarized reception) and one C-band radar
will be operational resulting in three data channels.

Certaln radar parameters, such as transmitter
I"I‘-Eﬂuen{'jr. have be#en sgelected as I'FP.“;BL for the
purpose of establishing and evaluating a design
approach. The capabllity to accommodate moderate
changes in these assumed values ls being allowed
for in deve loping the data systemn design approach,
Other values in Table 1, such as range bandwidth
and swath width, have been defined to np:l.n-.i,:e
the [ rocessing implementation rathsr than what is
thedretically possible, For ingiance, the range
bandwidth is held constant for all modes so that
only a single sampling frequency will be required.
In like manner, the swath width is chosen in order
that the mumber of required data samples ia the
same for each radar {or any glven operating mode,

Radar Processing Parameters

The processing design parameters for both the
X-band and C-band radars for each of the afore-
mentioned three operating modes are defined in
Table 2. HReferring to Table 2, the required reso-
lution for the 472 and 602 modes is nominally 25 m;
while, the nominal resolution requirement for the
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Figure 1. On-Board SAR Data Handling

15” mode is only 75 m, The specific range and
azimuth resclution numbers listed in Table 2 have
been derived based upon implementation consid-
erations. For instance, a single sampling fre-
quency, constant bandwidth, and constant time-
bandwidth product lzpl[y the range processing
parameters for each radar. Also, the number of
data samples required for each operating mode
has been carefully selected for each radar to sim-
plify the data handling implmentation. With re-
spect to azimuth processing, the number of pulses
per dump and the number of locks have been made
equal for each operating mode. Furthermore, the
number of looks is independent of the radar for any
given mode. Therefore, a single processor im-
plementation capable of accommodating any radar
channel becomes feasible,

Data Bates

The raw and image data rates (ADH and IDR)
per radar have been calculated and are tabulated
in Table 3. In deriving the RDR values of Table 3,
the number of bits per sample (N jt! was assumed
to be 5 bite. As noted, this results in a worst case
RDR of &0 Mbps for the 60" lock angle operating
mode. Although a 5-bit quantization level is being
assumed for Seasat-A, it is probably not necessary
for a 60° lock angle on SIR-B. In fact, analysis
to date indicates that a 2-bit quantization level for
the raw data at @ = 60% is probably satisfactory.
This could be a viable implementation trade-off for
achieving a reduction in high density tape recorder
system complexity (60 Mbps versus 24 Mbps),

HI. A Processor Architecture

Block Diagram

A proposed block diagram for the on-board SAR
image processor of Figure 1 isgiven in Figure Z.
As noted from Figore 2, incoming data {8 routed
through a processor interface unit which function-
ally separates the header data from the SAR video.
The header data, containing the parametric engi-
peering information required for computing the pro-
cessing control functions, is routed to che micro-
processor controller, The microprocessor con=
troller compuates the necessary corrections and
effects control functions for all functional elements
of the processor. The SAR video is (trst applied to
a range processor for range correlation purposes.
Following range correlation, the SAR video is

applied to an azimuth processor, The azimuth pro-
cessor performs the azimuth correlation function,
range migration correction, and antenna beam
pointing correction. The processed image data
from the azimuth processor is also passed through
the processor interface unit prior to being re-
corded or displayed. The image data is combined
with appropriate header data from the micropro-
cessor controller on a line-by-line basis so that it
can be properly identified and evaluated.

Range Processor

A candidate implementation for the range pro-
cessor of Figure 2 is shown in Figure 3. Refer-
ring to Firare 3, the range processor is seen to
consist 0. ree functional blocks. The input unit
raceives the incoming HDT formatted data stream
and conditions it for application to the range corre-
lator block. Following range correlation, the
data is properly formatted by the output unit for
application to the azimuth processor of Figure 2,

A proposed block diagram for the range pro-
cessor inpat wnil is provided in Figure 4. HRefer-
ring to Figure 4, the incoming raw SAR video
digital data stream from the processor interface
unit is applied to a digital-to-analog converter
(DAC) for conversion to analog voltage samples.
Following digital-to-analog conversion, the ana-
log camples for a given range line or echo are
loaded into a range line buffer through an input
multiplexer. The samples for the next echo are
then multiplexed inbto a second line buffer. Each
subsequent range line is stored in a different
buffer until seven range line buffers are filled.
The samples for the seventh echo following *he
original given echo are then stored in the first
buffer and the cycle repeats.

A candidate implementation approach for a line
buffer of Figure 4 is descr'ed in Figure 5. Re-
ferring to Table 2, up to &, 000 samples may be
taken per echo under worst case conditions.
Therefore, each line buffer must be capable of
storing up to 6, 000 samples. This conld be accom-
modated by sequentially loading six 1000-stage
CCD sampler chips.

The purpose of the parallel line buffers of Fig-
ure 4 is to reduce the rate that range line samples
are clocked to the range correlator. It is noted
from Figure & that the available readout time for



Tahble 1. Radar Systemn Design Values
_'_ X -Band  C-Band
Deeign Parameter - 8=15"  B=470 0=60" 8=15° L 47° 8 = 60°
Transmitter {requency [ 5100 MHz 9100 MHz 9100 MHz 4750 MHz 4750 MHz 4750 MHz
Radar Wavelength A 0.0329m 0.0329m 0.0329m O0.0631lm 0,063l m 0.063l m
Pulse Repetition Fre- FRF 2000 Hz 2000 H=z 2000 He 2000 He 2000 Hz 2000 H=
quensy
Interpulse Period IFP 500 psec 500 psec 500 psec 500 pmec 500 psec 500 psec
Spacecraft Velocity 7.77 km/fs 7.77T kmje 7.7Tkm/s 7.77 km/e 7.77 km/s 7.77 km/s
Alitude 225 km 225 km 225 km 225 km 22% km 225 km
Angle of Incidence ; 15° 49.2° 63° 15° 49.2° 63°
Range R 233 km 338 km 478 km 233 kmn 338 km 478 km
Sampled Swath Width W 42.6 km 30,4 krn 51.8 km 63.7 km 22,5 km 45 km
fas opposed to 3 dB
Antenna Swalth)
Antenna Width w 0,15 m hém 0.6 m 0.3m 1.2 m I.2m
Range Beamwidth " 12. 56" 3. 14° 3, 14° 12, 04° 500" 3,01°
Range Pulsewidth - 1 peec l paec | peac 33 pmec i3 psec 33 peec
Range Bandwidth afr 10 MH=z 10 MHz 10 MHz 10 MHz 10 MH=z 10 MHz
Antenna Lengih L 3.0 m 8.0 m 8.0 m B.0m B.Om 8.0m
Azimuth Beamwidth @, 0.235° 0,235° 0.235° 0.452° 0.452° 0.452°
Time in Beam — 0,123 sec 0,179 saec ©0.253 aec 0.236 sec 0.343 sec 0.4485 sec
Azimuth Bandwidth ar, 1942 He I942 He 1942 He 1942 Hz 1942 Hs 1942 He
Oversample Factor 'nu 1.2 1.2 1.2 1.2 .2 1.2

each line buffer is six times greater than the time
required to read the data in, Therefore, the out-
put sample rate from sach line buffer in 1/6 of the
input sample rate. By selectively multiplexing at
the of the seven line buffers, six ocutput
lines, each providing a continucus readout of dif-
ferent range lines at 1/6 the range line input rate,
result.

The need for the range line pample rate reduc-
tion becomes apparent when one considers the
worst case input data rate and the proposed range
correlator implementation apprnm:i Offering a
potential savings of several orders of magnitude
in cost, power, and implementation complexity
compared with conventional digital LSI, analog
CCD tranaversal filtering techniques are proposed

lar the ﬂnﬁ correlator implementation. However,
such CCD fllter devices are currently limited to

input clock rates of less than 5 MHz. Referring to
Table 3, it is noted that a worst case time ex-
nded sample rate of 12 msps occurs for the 60°

cok angle operating mode. Therefore, in order
to use CCD transversal filters for range correla-
tion, it is necessary to significantly reduce this
rate. By employing the buffering technigue of
Figure 4, complete range lines can be read from
each of six lines to separate correiators at

individual worst case clock rates of 2 meps. This
rate allows existing CCD transversal filter device
technoleogy to be used for the range correlator
implementation,

A candidate range correlator implementation is
llustrated in Figure 7. As noted from Figure 7,
the #8ix ocutputs from the range processor input unit
are applied to six corresponding range filters. As
indicated in Figore &, each range line filter per-
forms the range compression function for every
sixth range line, By using six identical filters, all
»f the incoming range lines are fully correlated in
range, An additional feature of each filter of
Figure 7 is the conversion Irom range offset to
I/Q data. In other words, the range filters can
perform complex range correlation from range
offset input data and yet provide the real (I) and
guadrature (Q) output components required for the
subsequent azimuth processing.

Since the X-band and C-band radars described in
Table 1 have different range time-bandwidth pro-
ducts, the number of points to be compressed in
range differ. It is noted from Table 2 that the X-
band radar requires correlation over 16 points;
wkhile, the C-band radar requires a 400-point
correlation. A possible design for the X-band and



Table 2, Radar Processing Parameters

X-Band C=Band
Processing Parameter 0=15° ©=47° 0=60"° €215 0:47° @a60°
Range Resolution P, 69.5 m 4.6 m 20.8 m 69.5 m 24.6 m 20.8 m
Range Time-Bandwidth TB 10 10 1a 330
. = 330 330
Range Compress ton RCR 1& 16 16 400 400 400
Ratio
Sampling Rate SR 24 msps 24 msps 24 masps 24 maps 24 maps 24 meps
Samples per Echo H' 1500 jooo &000 3000 3000 6000
Sampling Window Tl 62.5 psec 125 puec 250 psec 125 peec 125 psec 250 psec
FPalses Coherentl
Integrated y N, 1* 70 100 30 135 190
%‘“l‘“"ﬂt Integration Tl:oh 0.0075 sec 0.035 sec 0,050 sec 0.015 sec  0.0675 sec 0. 095 sec
Azimuth Resolution LN 9.0 m 24,5 m 24.1m 5.7 m 24. 4 m 24.6 m
Pulses per Data Dump udump 15 5 5 15 5 5
Time per Data Dump Tﬁﬂ"‘? 0.0075 sec 7.0025 sec 0.0025 sec 0.0075 sec 0. 0025 sec 0. 0025 pec
Dlmttpn“ per Data A gump 383 m 19.45m 19.45m 583 m 19.45m  19.45m
Pulses in Beamwidth Ntct..l 246 358 506 472 686 970
Looks Hlaok 15 5 5 15 5 5
Filter Channels Per N 1 14 20 2 27
Look chan )
Table 3. Data Rates 1/6 of the towa: samples fram each range line se-
- guentially across all six input channels. Referring
X -Band C-Band to Figure &, the output of each input multiplexer
can therefore provide a continuous flow of sequen-
] RDR DR RDR IDR tial range lines representing 1/6 of the total radar
= system swath width. For instance, if a total wwath
15 15 mbps 782 kbps 30 mbps 1. 17 mbps were 6,000 samples, each input multiplexer of
Figure 9 would be outputting sequential range
47° 30 mbps 4.75 mbps 30 mbps 3.52 mbps lines corresponding to a designated 1,000 samples
of the swath., By employing appropriate gating,
0% &0 mbps 9.55 mbps 60 mbpa 8. 31 mbps each cutput line of the output unit would correspond

C-band range correlators is shown in Figure B.
By using two transversal filters, each of a length
twice the required range compression ratio (RCR}),
complex correlation plus conversion to I and Q
components can be #ffected. This results in two
32-ptage tranaversal filters for the X-band signal
and two B0O-stage transversal [ilters for the C-

band signal.

Since the Irupnmd radar tranamitters will em-

ploy a fixed

igital PN reference function, the [il-

ters of Figure 8 do not have to be programmable.
Therefore, existing analog CCD fixed-tap weighted
transversal filter chip designs may be used to

perform the required correlation process.

This

enables a reduction in the number of components
required to implement the range correlator bv sev-
eral orders of magnitude when compared with a
digital large-scale-integration (LSI) approach.

The interleaved I and Q samples from each of
the six range correlator channels are applied to
the output unit of Figure 9. Each of six range
correlator input multiplexers of Figure 9 selects

to a different 1, 000 sample section of the total

swath,

separate azimuth processor modales.

These# putput lines are then routed to six

By accom-

plishing parallel processing of sections of the total
swath, the individual input data rate to each a=zi-
muth processor module may be adequately reduced
to allow the use of exisiing CCD implementation

technology.

For the worat cass data rate of 12

msps for the X-band 609 look angle mode, the out-
put rate to each azimuth processor channel would
be reduced to less than 2 meps.

Azimuth Processor

A candidate implementation for the azimuth pro-
cessor of Figure 2 is shown in Figure 10. Referr-
ing to Figure 10, six identical agimuth processor
modules are used to process =ach 1/6 section of
the total range swath. An output buffe: ‘s then
used to recombine the individual swath s “gments
into image range linea covering the full swath
width. As noted from Figure 11, each azimuth
processor module consists of four functional blocks,
i.,e., a presum filter, an azimuth delay compensa-
tor, an azimuth correlator, and a digital

magnituder,
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Flgure 4.

The azimmuth processcr design approach of Fig-
ure 10 is characterized by a two-atep filtering im-
plementation. The initial {ilter, designated the
presum filter, divides the azimuth spectrum into
five parte or channels. Since the total azimuth
bandwidih is capable of providing 5-meter resolu-
tion, Z5-meter resolutlion Imagery may be derived
from each chamsnel of the spectrum. Furthermere,
only one-fifth of the bandwidth of sach channel is
really required to achieve the 25-meter resolution
due to oversampling, Therefore, if each channel
were properly filtered, the cutput data rate to the
azimuth correlator of Flgure 19 could be redoced

Bange Frocessor Input Unit

by & factor of 5. Potentlally, such presumn filter-
ing would provide an 80 percent reduction in the
azirnuth correlator power reguirernents,

A detailed block diagram for p possible presum
filter design is provided in Figure 11, Referring
toe Figure 11, the interleaved I and O sarmples {ram
one of the range procespor output channels are ap-
plied to a CCD range bin interpnlator chip where
repoaitioning and resampling of Jata within a cange
bin can be n.ccl:mpli.;hl:d ko prcl;i:ll:"l"r fit a gh"l‘:n
range migration correction curve, i necessary,

A candidate design for an interpolator chip capable
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of providing M = 32, N = 4 interpolation within a
range bin would consist of four fixea-tap weighted
CCD transversal filters providing convolution of
the incoming video with an appropriate phase of a
six x/x reference function, (M refers to the num-
ber of samples involved in the interpolation caleu-
lation and N is the factor of increase in effective

sampling frequency after interpolating. )

Following interpolation, the data is applied
simultanecusly to three CCD azimuth filter chips.
# functional description of the CCD agzimuth filter

chip ia provided in Figure 12, Referring to Fig-
ure 12, each such chip independently achieves (1)
range migration correction by placing each incom-
ing range interpolated sample in the proper range
bin, {2} convolution with the proper {ilter weighting
function, and (3) accumulation of filtered range line
information over the desired portion of the azimuth
beam. For the presum filtering operation, if fil-
tering were accomplished over 15 range lines in
azimuth, then each chip would accurmulate 15
weighted lines prier to readout. The presum filter
for each channel, being implemented with only three
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CCD chips, provides a 5:1 reduction in channel Since multiple-look images are being achieved
data rate. by processing five single-lock images from five
V aections of the azimuth spectrum, the prablem of
It should be noted that each presum filter chan- proper registration must be addressed. In order
nel i only capable of providing information to the to combine the five single<lock images into a single
azimuth correlator to achieve a single-look image. E-look image, appropriate delay lines st be
Therefore, five channels are required to produce implemented, Each single-look channel must be
S-look imagen. This will not change the total phase compensated by an appropriate number of
nummber of filters required to achieve 5-look im- range lines with respect to its adjacent single-
agery from a single channel design using no pre- look channel. This delay compensation may be
surn filtering. achieved prior to or after azum'nn correlation and
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sation befort digital m;mtudin] would be if it
were achieved in the analog domain. If such com-
pensation is achieved following azimuth correlation
and digital magnituding, the delay line memory re-
quirements are increased by a factor of 4. Although
the I and Q samples are combined inte pixels provid-
ing a factor of two savings, the assumed require-
ment for 8-bit pixel quantization imposes a factor
of eight increase in memory requirements, In
addition to achieving a reduction in memery re -
gquirements, the use of analog CCD 5PS memory
compensation techniques prior to azimuth correla-
tion could alsa provide a potentially significant re-
duction in power reguirements compared with digi=-
tal delay compensation following azimuth
corralation.

The output frem each channel of the azimuth de-
lay compensator is applied to a corresponding
transversal filter in the asimuth correlators for
convolotion with the appropriate do‘pﬁhr chirp re-
ference function. The proposed architecture of the
azimuth correlator {8 lustrated in the block dia-
gram of Figure 13. As noted from Figure 13, the
architecture of the azimuth correlator is virtually
identical to that for the previously described pre-
sum filter. The incoming range line samples are
first passed through a CCD range interpolator chip.
The range interpolator cutputs are then applied in
parallel to each of Nepapn CCD azimuth filter chips

Figure 12, CCD Azimuth Filter Chip

a8 defined in Figure 1d. The number of required

o ourmyy  Chamnels, N_ , is detined for each radar operat-

ing mode in Table 2. As noted fram Figure 13 and
Table 2, the system implementation provides 38
filter chips per lock in order to accommodate the
worst case operating mode occurring for the C-
band radar at a 60° look angle, Referring to
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Figure 12, rapge migration correcrion is achieved
OO EATH Arbeld Bb wi wanig bwd 2T TAearminma ppnes
line by {7} 2ciecy og the desired range interpolator
output and (2) pating the d=sired range line sam-
ples to a complex multiplier, Using the complex
multiplier, =ach corfected range line is convalved
with the desired azimuth chirp reference, The
doppler reference function can be reprogrammed,
as necesgary, [rom the microprocessor comtroller
of Figure 2. Following complex multiplication,
the [ and O samples for each such range line are
temporarily stored in an accumulator register.
Following Nchan such accumulations on a given
chip corresponding to the transfer of Nay, g range
lines, an accumulatoer register will contain the I
and O samples of correlated image data. At this
point, the I and O image data is read out for digital
magnituding purposes, By multiplexing between
chips on a line-by-line basis, a continueous real-
time data flowr b8 achisved,
each single=-look channel provides both an I and a

Q output Lt .

The [ and @ output data from the azimuth corre=
lator of Figure 13 is applied to a digital magnituder
for pixel formation, A possible implementation for
the digital magnituder is defined in Figure 14. Re-
ferring to Figure 14, the I and Q samples from
cach single-look channel are sequentially mualti-
plexed into a2 commen output line. The resultant
interleaved I and @ samples are then digitized
forming 16-bit address words {zn B-bit [ word plus
an 8-bit Q word). Each such addresa word l% thEna
used to derive already computed and stored I 4 @
pixel values {rom a programmable read only mem-
ory (FROM) look-up table. As noted from Figure
14, channel 1 will produce a gingle B-bit word cor-
regponding to a single-look pixel from the multi-

lexed I and O lines. Before the subsequent I and
E samples from channel | are interrogated, the
corresponding I and Q lines are sequentially

Referring to Figure 13,

samipled lur chammels £, 3, &, sad 5. In this [
resn, five B-bll words, ok rorresponding te a
pleel for & duserent log' sre swogu. . - S R
Two 8-bit registers are used ag shown in Figore 14
to combine and buffer corresponding pixels from
[ive single-look images inte one S-lock pixel. Re-
petitive multiplexing of the five input channels pro-
duces a continoous stream of 5-look image pixals.
If single-look image pixels are desired, they may
be accessed at the output of th  "ROM look-up
table prior to pixel superposition,

As noted fram Table 2 for the 157 look angle
operating mode, 15 looks can be achieved {rom the
available azirmuoth bandwidth for the specified reso-
lution., For ‘sat mode, every three consecutive 5=
lock image pixels from the 8-bit sutput register
correspond to indepondent looks from three differ-
ent portions of the azimuth spectrum. Therefare,
additional azimuth delay compensation and roti-
look superposition circuitry must be provided o
produce the 15-lock pixels, As noted in Figure 14,
twao existing B x 1000 digital CCD S5ES chips are
adequate Lo provide the necessary delay compenna=
tion to produce the 15-look pixels.

Referring to Figare 10, an'output buffer re-
ceives an image line covering a different 1/6 of the
tatal sveath from each of aix identical azimuth pro-
cessor modules and combines them nto mage lines
covering the full range swath. A block Jiagram for
a possible putput buffer implementation s deflined
in Figure 15, Ags noted from Figare 15, each L/6
swath increment is read into a boffer memory con-
aisting of an existing E x 1000 digital CCD 5F5 chip
identical to that defined for delay compensation in
the digital magnitueder of Figore 14, During one
interpulse period, sach baffer chip 8 loaded with
that portion of the total swath corresponding to its
designated channel. While sach 8-bit pixel word is
read ints esach buffer chip, a word stored from the
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previous interpulse period is read out. However,
the readout is accomplished sequentially across the
five channels at six times the per channel input rate,
Therefore, a continpous stream of bite correspond=
ing to a full image line covering the full range

swath is outputted each interpulse period., The out=
put multiplexer of Figure 15 is nsed to sequentially
switch between buffer chips.

IV, Conclusions

A promising candidate implementation archi-
tecture for the SIR-B on-board SAR image proces-
sor experiment has been defined, The salient
characteristic of the proposed architecture is a
real-time, programmable processing capability.

The azimuth processor implementation architec-
ture ix especially unique in that it readily aceom-
plishes both linear and quadratic range migration
correction with nothing more than a logic-controlled
gating operation, Furthermore, it can accommo=
date a high degree of interpolation capability if re=
quired, In addition, the need for a corner-turning
memory ls eliminated, thereby simplifying the
memory organization requirements. Finally, it
Appears very amenahble to a custom chip implemen=
tation wherein changes in mission requirements may

Output Buffer i

Ll

be easily accommodated by simply adding or delet-
ing identical chips from a modular configuration,

Low cost and power characteristics are also
possible with the proposed implementation. This
can be achieved in (1) the range processor by us=
ing analog CCD transversal filtering technigues,
{Z?Hm azimuth processor by employing a two-
stage, time domain filtering architecture imple-
mented with a programmable custom CCD filter
chip, and (3) the contreller by employing advanced
digital LSI microprocessor chips for control of the
overall on-board image processor experiment.
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