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SUMMARY 
This paper reports some interim results relating t o  an on-going ef for t  to  de= 

velop an electronic processor for  rea l - t ime processing of synthetic aperture 
radar data. 
testbed for  design of on-board processors for  Puture space missions. 
paper describes the configurstion of the experimental processor and discus- 
ses technical factors pertaining t o  t h e  design. 

1.0 INTRODUCPIOIV 

The u t i l i t y  of airborne synthetic aperture radar (SAR) [l] [2] has been ex- 
tensively investigated i n  t h e  past two decades. 
of microwaves t o  penetrate through clouds and t h e  unique contrast character- 
i s t i c s  i n  SAR imagery, radar imaging is considered par t icular ly  usef'ul for .  

surface topographic mapping and for  all-weather sea s t a t e  observations. To 
extend t h e  u t i l i t y  of airborne SAR so that the imaging radar could also be 

used as a global environmental aonitoring device, NASA i s  planning t o  launch 
a series of earth and planetary spacecraft with on-board imaging radars. 

The SEASAT-A satellite which w i l l  be launched i n  May 1978, i s  the first i n  
the  series. 
w i t h  25 meter resolution and 100 lan swath width on the earth's surface [3] .  

The high resolution and wide swath coverege called fo r  by the SEASAT-A SAR 

imply an extremely high data acquisition rate. 
developed ground-based d ig i ta l  tape recorder with 120M bi t s  per second re- 
cording capability. 

An experimental laboratory processor is being developed as a 
This 

Because of the capability 

The SEASAT-A radar i s  designed t o  be able t o  produce imagery 

SEASAT-A w i l l  use a newly 

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 I n s t i t u t e  of Technology, 
under Contract No. NAS7-100, sponsored by the National Aeronautics 
end Space Administration. 
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t o  produce images i n  a satisfactory format. 
ths doppler characteristics of spaceborne SAR data, the SAR processing and 
associated compensation procedures can be very involved. 
SAR processors are not able to produce the imegery in a timely and economic 
manner. 

Inro to various peculiarities in 

Currently available 

Although SEASAT-A SAR sets a data acquisition rate from the spaceborne sensor 
that is unprecedented, Puture earth orbit imaging radars may adopt similar 
performance criteria and data acquisition requirements. 
meet the data processing needs in f’uture 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. 

An effective way to 

To achieve the goal of on-board SAR processing, JPL initiated a phssed 
development task in the beginning of FY 77. 
ment of a groundbased experimental SAR processor. 
the capability to perform realtime SAR processing. 
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 d8ta at the real-time data rate. 
image data will comprise 4 looks and exhibit 25M resolution. 
of the work involves the design ane cor,:;truction of a SAR processor to be used 
in an on-board processing experiment on a future Shuttle Imaging Radar (SIR) 
mission. 
processor will be developed for a 1983 Venus Orbital Imaging Radar (VOIR) 
Mission. 
the completion of the ground based exptrimental processor. 
concepts, details of the design, and perhaps some specially developed devices 
will be directly applicable to these follow-on activities. 
emphasis has been placed on the development of on-board SAR processors, the 

The first phase involves develcp- 
This processor will have 
The processor architecLure 

The output 
The next phase 

Also, it is anticipated that a simple low-resolution on-board SAR 

The development of these two on-board processors may begin prior to 
Nevertheless, 

Although the 
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ground-based experimental SA€? 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: 
implementation. 
The task is currently in the phase of detailed $.esign. 
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 s y s t m  design and analysis. A brief description of the overall sys- 
tem will be given first. 
characteristics will be discussed to establish the design requirements for the 
azimuth correlator. 
correlator architecture, the clutterlock approach, and the procedures for 
generating processing parameters in real-time. 

the system design, the detailed design, and the 
The system design phase was concluded near the end of FY 77. 

Major issues resolved 

Study results related to the spaceborne SAR doppler 

Discussion then proceeds to the criteria for se1ectir.q a 

2.0 SAFt PROCESSOR REQUIREMENTS 
An important reason for developing the experimental SAR processor is t3 obtain 
a breadboard applicable to several future operationcl spaceborne SAR missions. 
To meet this obJective, the data processing needs for several mticipated future 
spacecraft SAR missions were analyzed to establish a set of design requirements 
and guidelines f o r  the experimental processor. 
include the Shuttle Imaging Radar (SIR) flights, the 1983 Venus Orbital Imaging 
Radar (VOIR), and the SFASAT follow-up missions. 
still in the planning stage. 
are not yet fully established. 
to require a high resolution imaging mde, which provides mdtiple-look images 
at a spatial resolution cmparable to the 25 meter resolution rcquired by 
SEASAT-A. 

data will be the only spaceborne SAR data available by the end of 1979 lead to 
the selection of the S W A T - 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. 
ing data over a wide swath. 
SEASAT-A SAR swath, was chosen fo r  the experimental SAR processor. 

Those anticipated missions 

Most of these missions are 
The radar parameters and the performance criteria 
The mission objectives, however, are expected 

This observation in conjunction with the fact that SEASAT-A SAR 

A modular approach was chosen t o  simplify the problem of process- 
A swath width of 20 km, which is one-fifth of the 
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SAR Systaa Parsmatem (SEASAT-A SARI 

SAR Orbit 

H d n a l  Altitude 

19dnal Speed 

Transmitter Frequency 

Pulse Repetition F'requency 

Pulse Width 

Pulse Bandwidth 

A/D Rate for Range Offset Signals 

AID Window 

Antenna Dimension 

Antenna Lcok Angle 

Attitude (roll, pitch, yaw) Accuracy 

Experimental Processor Performance Requirements 

f3lcrge Swath 

Image Resolution 

Number of Looks 

Imsge Dynamic Range 

Data Processing Speed 

SEASAT-A Crbit 

794 km 

7450 m/sec 

1275 MEfz 

1463,1537,1645 Hz 

33.8 tr sec 

19 MHZ 

45.03 MHz 

288 I.! sec 

2m x lo.* 
20' cone, 90' clock 

fO .5O 

20 km 

25 m 

4 

50 dB 

Real-Time Rate 
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A block diagram of the expuiamtal SAR processor is shown in Figure 1. The 
thme W o r  elements i n  the processor are the range correXator, the azimuth 
correle&or, and the control processor. The range correlator caPpres8es the 

transmitted pulse waveform into a short pulse. !he synthetic aperture pro- 
cessing which refines the tmtenncr aeimuth b e d d t h  i s  performed i n  the ad-  
nrth correlator. The control processor is mainly responsible for  the gener- 
ation of a target  response function which is  matched to  the  recedved echo 
signals. The control processor also produces various t imill lg signals t o  
synchronize the data processing operations. 
gure 1 also indicates t h a t  the range correlation is performed prior t o  the  

e z M h  correlation. 
ler response of a target is range &pendent. 
this requirement is given in [41. 

The block diagram shown i n  Fi- 

This order can not be altered since the  azimuth Dopp- 

A more detailed discussion of 

4 HIW RATE 
SAR DATA 3 3 SAR RANGE AZIMUTH 

~- IMAGERY CORRELATOR CORRELATOR 
A 

M 1 SYSTEM 

T IMING AND R t  FERENCE 
CONTROL - - 4 ;EQL'ENCER - i 1 FUNCTION SPECTRUM 
SIGNALS GENE RATOR ANALYZER 

1 ------------ - ---e- J 
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IFIRGE LINES 
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AN0 SAR DATA 
PARAMETERS 

Fig. 1 The Experimental SAR Processor Blockdiagi--am 

The design of the data flow rate in  the procesbor also needs some special 

crmiideration. It i s  necc ssary t o  accommodate different pulse repeti t ion 
frequency (PRF) values, 
determined by t h e  radar bandwidth, and thus is independent of the PRF. To 

make the system tolerant of changes i n  the value of the PRF, a harmonic of 

t h e  PRF i s  used t o  synchronize the  data processing operations. In  multi-look 
processing, the iluage data output from the overlw regis ter  occurs i n  bursts. 

The sampling frequency 01' the received echo i s  
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T i m  expansion t o  achieve a near uniform output rate is des i rab le .  

clock rate derived from t h e  input sample clock can be used t o  prodace a uniform 

A constant 

I output data rate. In  t h i s  arrangercent, t h e  input and 01 ~ data  rates are 

properly matched and are independent of P R F  changes. 

!Fk range c 

fmction compared with t h e  synthe t ic  aper ture  processing. Also, it i s  a n t i c i -  

ted t h a t  future missions Will use t ransmi t te r  codes o ther  than t h e  l i n e a r  

? l a t ion  i n  SAR processing is a r e l a t i v e l y  streightforward 

Fb? ch i rp  of SEASAT-A SAR. 

programmable d i g i t a l  matched f i l t e r s  f o r  t h e  experimental SAli processor. 

For these  t w o  reasons, it is planned t o  u t i l i z e  

The development emphasis i s  on t h e  synthe t ic  aper ture  processing. 

discussions r e l a t i n g  t o  t h e  azimuth co r re l a to r  and t h e  cont ro l  processor a re  

given i n  t h e  following sect ions.  

Detailed 

4.0 m C A P W X W R E P  5 ‘  ROCESSING FOR THE SPAQ?BGRNE RAD& 7s 
Accurate knowledge of t h e  t a r g e t  Dopy ,.er cha rac t e r i s t i c s  i s  essent j  al. t o  

produce high qua l i ty  spaceborne SAR imagery. 

t a r g e t  Doppler cha rac t e r i s t i c s  are therefore  discussed i n  d e t a i l .  

4.1 

The f ac to r s  which determine t h e  

THE SPACEBORNE SAR DOPPLER CHARACTERISTICS 

In  a coherent radar  system such as a SAR, t h e  var ia t ion  of phase in  t h e  

returned s igna l s  is d i r e c t l y  r e l a t e d  t o  t h e  dis tance h i s to ry  between t h e  

sensor and t h e  ta rge t .  

a l e n t  t o  t h e  study of t h e  r e l a t i v e  motion between t h e  sensor and t a r g e t s  on 

t h e  planet  surface.  

usual ly  more complex than t h a t  f o r  an airborne ‘.AR. For t h e  spaceborne SAR, 

both t h e  sensor and t a r g e t s  must be t r ea t ed  a, mcving bodies. 

many cases  is fur ther  comglicatad by t h e  f a c t  t h a t  t h e  curvature of t h e  p lane t ’s  

surface causes t h e  t a r g e t  ve loc i ty  vector  t o  depend upon t h e  pos i t ion  of t h e  

t a r g e t  i n  t h e  swath, 

spacecraf t  o r b i t  and an obla te  planet  surface.  

i n  t h e  o r b i t  i s  f i r s t  chosen according t o  a specif ied o r b i t  iitit,;Li! angle. 

The pos i t inn  of the t a r g e t  then ccn be determined by specifying a radar at%itu;fe  

angle, 
velcc i ty ,  and accelerat ion vectors  over a vexj  shor t  period o f  shnthet ic  

aper ture  in tegra t ion  then t h e  dis tance h i s to ry ,  R(t), can by approximated by 

the  following expression: 

The ana lys i s  of doppler phase h i s to ry  thus  i s  equiv- 

The r e l a t i v e  motiol? prob!em f o r  a spaceborne SAR i s  

The problem i n  

To analyze t h e  problem, we have assume6 an e l l i p t i c a l  

The pos i t ion  of t he  spacecraf t  

Assuming t h a t  KO, 70, and xo are respect ively,  t h e  r e l a t i v e  pos i t lon ,  
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U i t h  t h e  distance his tory  shovn above, the phase h is tory ,  + ( t ) ,  can be 

approximated as follovs: 

and A is the radar vaveiength. 

instantaneous doppler frequency and t h e  loppler  c h i r p  rate at the  center  of t h e  

aPedUre. Eqs. 2 and 3, show t h a t  the  doppler center  frequency is a function of 

relative speed along the  radial d i rec t ion ,  whereas the qopplzr chirp rate is a 

m c t i c n  of t h e  r e l a t i v e  accelerat ion.  The first term i n  t h e  radial accelera- 

t i o n  can be referred t o  as the cen t r i fuga l  accelerat ion.  The second term is a 

direct result of the acce lera t ion  vector  which is mainly due t o  t h e  g rav i t a t ion  
effect on t h e  spacecraft  free o r b i t  motion. 

The two factors F and F shoun above are the  

A numerical study of the  sensor-target r e l a t i v e  motion problem showed t h a t  

EQ. 2 provides an accurate  measure of t h e  phase h i s to ry  over t h e  full 2.5 
second SAR in tegra t ion  time required by SEASAT-A. 

that the  doppl6r frequency and t h e  doppler ch i rp  rate are t h e  €w most important 
parameters f o r  azimuth cor re la t ion .  

var ia t ion  i n  the antenna r o l l ,  p i t ch ,  and yaw a l t i t u d e ,  the  range of doppler 

frequencies and ch i rp  rates t h a t  tb.e azimuth co r re l a t ion  nust  accept are 

p lo t ted  i n  Figures 2 and 3. 
and chi rp  rate are dependent upon both t h e  spacecraf t  pos i t ion  and t h e  t a r g e t  

This leads t o  t h e  conclusion 

Assuming a plus  and minus one degree 

These two figures show t h a t  t h e  doppler freqllency 
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slant range. The axiruth corre la tor ,  therefore ,  must be desiepled t o  
-te such variations i n  the processing parameters. 

’hn, 4 0 r  design requiraeats of particular importance are the  synthetic 
aperture in tegra t ion  t i m e  and tbe amount of range migration to  be compensated 
over the aperture width. 

the follaViag factors: the doppler ch i rp  rate shown i n  F i w e  2, t he  sensor  

speed relative to  the planet’s surface, and the azimuth resoluC,ion requirement. 
It vas detvrined that a 0.62 secad-per-10011 in tegra t ion  t i m e  meets the 2% 

resolction requiresent.  

is about 1020 st t h e  highest  PRF value. 

pi tch,  snd yau corresponds t o  a doppler frequency range of spproximately 

23OOO a. 
capability of 128 range bins (cacplex samples) over t h e  total four-look 

integration the. 

The required in tegra t ion  t i m e  is determined based on 

The number of range pulses  to  be in tegra ted  per look 
0 An a t t i t u d e  va r i a t ion  of -+I i n  roll, 

Such a doppler frequency range calls for a range valh compensation 

The eccuracy required for thedopp le r  frequency and t h e  doppler ch i rp  rate 
used for azimuth co r re l a t ion  vas invest igated.  

cen ter  Prequency causes a s l i g h t  d e p d s t i o n  in the  image signal-to-noise 

ratio. To a m i d  double feat*xres i n  t h e  processed imagery which result from 

spectrum foldover, t he  error must be kept within t h e  d i f fe rence  betveen the 

PRF and t h e  processing bandvidth. 

function with respect t o  the target slant range. 

t i o n  processing, t h e  c r i t e r i o n  is that t h e  phase error at both ends of  the 

synthe t ic  aperture, as caused by an incor rec t  -.otimate of t h e  ch i rp  rate, must 
be within ?goo. 
directly results i n  misreg is t ra t ion  of t he  p ixe l s  produced from single-look 

processing. 

t o  l i m i t  t h e  misregis t ra t ion e r r o r  t o  v i t h i n  one-quarter of a reso lu t ion  ele- 

ment, t he  accuracy of t h e  predicted doppler ch i rp  rate .,Jst be -5thin 0.5 Hz 
per second. 

A small e r r o r  i n  t h e  doppler 

The doppler ch i rp  rate is a slowly varying 
For s ingie- lmk high resolu- 

For multiple-look processing, an e r r o r  i n  t h e  ch i rp  rate 

To produce 25n resolut ion 4-look imagery from SEASAT-A S P ,  and 

4.2 THE DESIGN OF THE AZIMUTH CORRELATOR 

4.2.1 A TIME DOMAIN CORRELATOR ARCHITECTUSIE 

The azimuth co r re l a to r  performs t h e  co r re l a t ion  between t h e  radar s igna l s  and 

t h e  predicted p o i n t  t a r g e t  response. The a rch i t ec tu re  se lec ted  must have: 
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(1) the capability t o  aceamdate the  varyb& d6ppler charscteristics in real- 

e-, (2) S f . g p l i C i e  h tht proCeS8h4 COnt rOl ,  and (3) m b u i t y  t o  
-board implenentatioa. 
-se using electronic processing t-'tcbnipues include the mestage and tx-- 

stage fast Fourier transform approaches [ 5 ,  61, t he  time-dmain corre1at.h 1 

approaches [7, 8 ,  91, the  digital  matched filters (41, etc. For the sp u + 
borne SAR processing application, where high resolution multiple-lock imt.4ing 

is required, t he  tiaac-doaaain correlation approach was selected for  i m ~ i s n m t a -  

ti-. 
high degree of parollelism that facilitates custom 1arge-scaleinte.g-atcd. (IS11 

circuit implementstton, and the  relatively simple control for the  pi.cces3 ng 

and multiple-look registration. me selected ti.me4omai.n architectarc, si o m  

in Figure 4, involves many phase shirters and data accumulators. 
detailed discussion of this architecture and t he  associated IS1 hp l tumta t ion  
consideration is provided i n  [lo]. 

A nurber of processor architectures are available. 

'RFD mor advantages associated with the  time-domain approach are the 

A mre 

LINE 
STORK€ 
FOR 
COHEREWT 
INTEGRATION 

Fig. 4 

4 4  4 c 
GATE 

MULTIPLIER 

MOER 

ACCWLATDR 

CORRELATED 
M I X  > OUTPUT 

A Time-Domain Azimuth Correlstor Architecture 
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4.2.2 - MnTfPLE LOOK RM;IS!mATIOIo 

To produce multiple-look imagery, t h e  time-danain correlators are structured 

i n t o  a nmber of modules, each producing single look imagery. Assrmaing that 

t h e  doPPler center  fr'equency and t h e  doppler ch i rp  rate are known, t h e  phase 
reference flmction over t h e  total  synthe t ic  aperture is determined by Eq. 2. 

This function w i l l  be partitioned i n t o  several s e p e n t s  of equal length.  Fach 

segment of  t h e  reference hract ion is then used t o  produce single-look imagery. 

This method causes t h e  d i f f e ren t  looks at each t a r g e t  l oca t ion  t o  correspond 

t o  da t a  acquired at d i f f e ren t  times r e l a t i v e  t o  t h e  center  of t h e  synthe t ic  

ayrture.  

delfqf a u s t  be applied t o  t h e  output of single-look image l i nes .  

r i g h t  parameters i n  Q. 2 for t h e  reference,  and assuming t h a t  t h e  length  of  

synthe t ic  aperture is set to be a constant for each look, t h e  timing delay t o  

register t h e  image l i n e s  frcua adjacent  looks is a constant throughout t h e  

swath. (This is m c h  simpler than t h e  multiple-look r e g i s t r a t i o n  problem 

associated with t h e  doppler frequency f i l t e r i n g  processing approach. 

approach requi res  two-dimensional resampling t o  accomplish accurate  r eg i s t r a -  

t i o n  of t h e  separate looks at each pixel . )  

To overlay t h e  separate looks at t h e  i m a g e  element, t h e  proper t i m e  

Using t h e  

That 

k . 2 . 3  AZIMUTH CORRELATION W I T H  PREFILTERTNC 

Each sirigle-look azimuth co r re l a to r  module is designed t o  process a por t ion  

of t h e  azimuth bandwidth. The data rate f o r  t h e  co r re l a t ion  processing can 

be reduced by implementing p r e f i l t e r s  t o  reduce t h e  da t a  bandwidth. 

of p r e f i l t e r i n g  approaches can be used. 

i n  f r o n t  o f  each azimuth cor re la tor .  

and lowpass filters t o  perform t h e  p re f i l t e r ing .  

Two kinds 

One approach i n s e r t s  a bsndpass f i l t e r  

The o ther  approach uses a set of mixers 

The time domain co r re l a to r  a r ch i t ec tu re  shown i n  Figure 4 can be used t o  

perform both t h e  p r e f i l t e r i n g  and t h e  azimuth co r re l a t ion  functions.  

function generation is  easier t o  accomplish f o r  t h e  bandpass approach than f o r  

t h e  mixing approach. Using t h e  proposed co r re l a to r  a rch i tec ture ,  t h e  bandpass 

f i l t e r  can be implemented by applying a reference function which i s  t h e  product 

of a f i n i t e  s tage  l o w a s s  response and a sinusoidal  wave with a frequency equal 

t o  t h e  center  frequency of t he  passband. 

azimuth co r re l a to r  i s  merely a sec t ion  of t h e  o r i g i n a l  phase h is tory  of Eq. 2 

Reference 

The reference function f o r  t h e  
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-led at a lover rate because of t h e  reduced azimuth bandvidth. 
ma th ,  t h e  references for both p r e f i l t e r i n g  and azimuth corre1atZ.m must be 

Safusted t o  account for t h e  fact that t h e  doppler center  f’requemy and t h e  

dappler chirp rate are dependent on slant range. 

Over a vide 

The prefiltering approach implemented by mixers has t h e  advar-tage t h a t  ref- 
erences for both t h e  f r o n t  lowpass filtering and the azimuth co r re l a t ion  are 
independent of t h e  doppler center  frequency. 

however, is complicated by t h e  f a c t  t h a t  va r i a t ion  of t h e  dogpler center  

frequency along t h e  swath coupled with t h e  target range walk e:.fect introduces 
another chirped phase f a c t o r  i n t o  t h e  radar echo s ignals .  

qua l i t y  imagery, it would be necessary t o  compensate f o r  t h i s  eff tc t .  

The ca lcu la t ion  of t h e  references,  

To produce high 

Tk ca lcu la t ion  of t h e  reference function has a large effect on t h e  SAR image 

quality, therefore ,  it must be t r e a t e d  very carefu l ly .  

tion o f t h e  referencc function and discussions r e l a t i n g  t o  t h e  effects of  

phase angle quantization and t h e  number of samples in tegra ted  are intended t o  
be t r e a t e d  i n  a subsequent paper. . 

More detaiied descrip- 

4.2.4 RANGE 114TERPOLATION FUNCTION 

The inpL‘t data represent discrete samples of  t h e  radar echo s igna l .  

timing of t h e  sampling pulses  is such that they form a rectangular  g r i d  i n  the 

two-dimensional range and azimuth plane. However, the range delay h i s to ry  of 

a point  t a r g e t  follows a near parabolic curve. Therefore, t h e  discrete d i g i t a l  
samples do not coincide u3;h t h e  l o c i  o f  maximum power re turn  from a point  tar- 

get. If the  processor operated upon the set of d i s c r e t e  samples comprising t h e  

nearest-neighbor approximation of  t h e  curved t a r g e t  delay h is tory ,  it would 

cause 8 loss i n  t h e  p ixe l  signal-to-noise r a t i o  as w e l l  as a broadening of 

t h e  target response. 

t he  target re turn  curves would perform better than t h e  nearest-neighbor 

approach. 
i n t e q a l a t i o n  were conducted. 

te rpola t ion  which involves the  weighted sum of four  o r ig ina l  range samples and 

introduces only one mid point  between two samples is as e f f ec t ive  as higher 

order  range in te rpola t ion  methods. 

The 

Use of range in te rpola t ion  t o  introduce poin ts  nearer  t o  

Both ana lys i s  and simulation regarding t o  t h e  effect of range 
Simclation results indicated t h a t  a s ing le  in- 

Two fundamental reasons f o r  suggesting 
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t h i s  re la t ive ly  simple interpolator  can be s t a t ed  as follovs:  

spec t ra l  response may not be known exactly. 

t i o n  are often quantized t o  only a f e w  binary b i t s .  

that both t h e  interpolat ion model and t h e  input da ta  w i l l  be imperfect. 
Therefore, t h e  performance of an interpolator  vi11 not be a mmtonical;,r 

increasing f’uncticn of its complexity [ll]. 

ducted only along t he  range direct ion.  The in te rpola tor  outputs one i tcr- 
p l a t e d  data sample i n  addition t o  each or ig ina l  data sample, and it tht-re- 

fore doubles t h e  data rate at  t h e  input t o  the  azimuth correlators .  

gates shown i n  Fig. 4 se l ec t  t h e  r igh t  data  sample t o  be used i n  subsequent 

processing. 

1) The range 

2) The data  input for correla- 

These two fac tors  imply 

Note t h a t  inter2olat ion is  con- 

Tht range 

It has been determined t h a t  coherent speckle noise i s  a major source of d i s -  

t o r t i on  on SAR imagery. 

small compared t o  the  speckle noise. 

Error associated with imperfect interpolat ion i s  

Current baseline design of t he  azimuth cor re la tor  uses single-look correlator  

modules. The 
time-domain correlator  archi tecture  shown i n  Fig. 4 will be implemented f o r  

t he  single-look modules. 

Each module produces a 20 km swath of 25 m resolut ion imagery. 

It is also required t h a t  t h e  implementation be f lex ib le  enough such t h a t  a 

p re f i l t e r ing  operation later can be eas i ly  incorporated a f t e r  real-time 
processing using the  time-domain approach has been demonstrated. 

The compatibility between the  20 km corre la tor  module and the  overal l  100 km 

swath processing w a s  a l so  considered. Using t h i s  20 km a t h  cor re la tor  as  o. 

building block, f ive  modules would be needed f o r  real-time prc assing of  

SEASAT-A SAH data. Each module would be associated with i t s  own input and 

output in te r face  buffers.  The data system design incorporating the  require- 

ments set for th  by the  range compression r a t i o  and the  synthetic aperture 

length a re  summarized i n  T3ble 2. 
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TABU 2 

DATA lWl% ANI;, STOPAGE DESIGN FOR 

REALTIME: SEASAT-A SAR PROCESSING 

Input Interface 
Input Data Rate 
Width of Input Gating 

Gating Delay Between 20 km Modules 

Double Buffer Data Storage 

Output Data Rate 
20 km Correlator Module 

Input Data R a t  e 

Input Pulse Width 

Range Zorrelated Pulse Width 

Azimuth Correlator Input Data Rate 

Synthetic Aperture Integration per look 
Range Samples after Azimuth Correlation 

Output Burst Data Rate 

Output Interface 

Input B u r s t  Bate 

Double Buffer Datr Storage 

Output Data R a t  e 

45.53 m 
4096 Samples 

2304 Samples 
4096x2 Samples 

4 096xPRF 

4ci96xPRF 
4096 Samples 

12d0 Complex 

1408xPRF 
1020 pulses 

1152 Samples 

1408xPRF 

1408xPRF 

1152x2 pixels 

2.5 MHZ 

4.4 THE CONTROL PROCESSOR 

The main function o f t h e  control processor i s  t o  derive accurate phase refer-  

ences for  t h e  synthetic aperture processing. From t h e  previous discussion it 
is  c lear  t h a t  the doppler center frequency and t h e  doppler frequency r a t e  a re  

t h e  two major parameters i n  defining the phase delay history.  
ways t o  determine these two parameters. 
an exact approach calculates  those two parameters based on the  r e l a t ive  

position, velocity and acceleration vectors  as described i n  Eq. 1. For a n  

ear th  s a t e l l i t e ,  accurate spacecraft posit ion and veloci ty  vectors may bc 

"here a re  two 
The first approach which i s  considered 
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derived using t h e  Global Posit ioning System [12] which is planned t o  be 

operat ional  i n  t h e  1980 time frame. 
the target pos i t ions  w i l l  be detennined by a complicated footpr in t  procedure 

with t h e  antenna a t t i t u d e  as another input. 

f i c u l t  t o  perform i n  real-time because of i ts  complicated arithmetic proce- 
dures. 

is commonly used on aircrafi SAR processing. 

cen ter  frequency and t h e  doppler ch i rp  rate separately.  The procedure t o  

detennine t h e  doppler center  fkequency and to  generate  compensation phase 

f ac to r s  i s  general ly  referred t o  as c lu t te r lock .  

Once t h e  sensor pos i t ion  i s  es tab l i shed ,  

This exact approach appears d i f -  

For t h e  experimental processor, a simpler approach i s  proposed which 

This approach treats t h e  doppler 

In  spaceborne SAR processing, t h e  uncertainty i n  t h e  real-time p red ic t s  f o r  

t h e  antenna a t t i t u d e  may be comparable t o  t h e  antenna beam width. 

o f t h e  c lu t t e r lock  thus  i s  t o  r e f ine  t h e  antenna a t t i t u d e  predict ion and 
thereby maximize t h e  u t i l i t y  of t ransmit ted energy i n  t h e  azimuth dimension. 

The purpose 

For t h e  experimental processor,  four-look processing i s  required. The spectrum 

se lec ted  f o r  processing w i l l  be equal ly  pa r t i t i oned  i n t o  four p a r t s ,  each fo r  

a sing; look. It is possible  t o  set t h e  gains  of  t h e  four  single-look 
co r re l a to r s  t o  be equal t o  each other .  

proport ional  t o  t h e  energy i n  t he  corresponding spec t r a l  band. The azimuth 

spectrum w i l l  resemble t h e  antenna pa t te rn  i n  t h a t  dimension. L e t  Fi be the  
energy of t h e  i - th  look. 
gy on t h e  looks r e l a t i v e  t o  t h e  center  of the  processing band can be wr i t ten  

as 

The i m a g e  energy of  each look thus is 

A measure which ind ica tes  the  symmetry of t h e  ener- 

M = (E1 + E2 - E3 - Eb)/(E1 + E2 + Ej + Eq) 

where t h e  look numbers are ordered as shown i n  Fig. 5 .  

By applying proper delay i n  accumulating t h e  Ej values,  it is poss ib le  t o  have 

the E values a l l  correspond t o  t h e  same t a r g e t  area, therefore  t h e  measure- 

ment M i s  independent of any t a r g e t  scene var ia t ion.  
t o  be zero if a perfect  match between t h e  estimated and the  t r u e  cen te r  fre- 

quencies is achieved. 

version of a voltage control led o s c i l l a t o r  (VCO) t o  generate a new sinusoidal  
s igna l  t o  be mixed w i t h  t he  range cor re la ted  s igna l  ( t o  o f f s e t  t h e  doppler 

i 
The M value is expected 

The integrated value of M can be used t o  dr ive  a d i g i t a l  



Fig. 5 The Pa r t i t i on ing  of a SAR Azimuth 

Spectrum for Four-Look Processing 

center  frequency) o r  to form a new s e t  of t h e  phase references f o r  azimuth 

processing. After t h i s  i s  completed, a new M value w i l l  be in tegra ted  t o  t h e  

previously s tored M value t o  generate another o f f s e t  frequency. The feedback 

control  i n  t h i s  scheme indeed resembles t h a t  o f  a phase-locked-loop. 

t he  M measurement i s  independent of scene content,  convergence can be attained. 

by properly sca l ing  t h e  in tegra ted  M values. 

Since 

The proposed approach ; I t i l i ze s  avai lable  sinE.:Le-lnok image d a t a  a n d  it there- 

fore  minimizes t h e  aardware required t o  perform t h i s  azimuth spectrum anal- 

ys i s .  

t o l e r a t e  a l a rge  noise/ambiguity l e v e l  on t h e  input s igna ls .  

b r i e f l y  discussed here. 

signal-to-noise r a t i o s  are p lo t t ed  i n  Fip. 6. 
approximately 0.8 PRF f o r  a t o t a l  of four looks, t h e  M values of d i f f e ren t  

center  frequency e s t i n i t e s  (normalized t o  PRF) are p lo t ted  i n  Fig. 7. The 

posi t ion of  zero crossings a l l  agree well with t h e  spec t r a l  peaks. 

Preliminary simulation results have indicated t h a t  t h i s  method can 

An example i s  

The o r ig ina l  azimuth spec t ra  of four  d i f f e ren t  

With a processing bandwidth of 
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'The c lu t t e r lock  approach described above measures and reduces t h e  center- 

band doppler frequency. The remaining parameter, t h e  doppler ch i rp  rate, 
mgy be estimated by subs t i t u t ing  values of t h e  wavelength, sla!. range, rela- 
t ive  speed, t h e  g rav i t a t iona l  accelerat ion,  and t h e  look angle, i n t o  t h e  

expression of Eq. 4.  
and t h e  s l a n t  range f o r  each range sample can be determined from t h e  sample 
delay. 

speed i s  a function of both t h e  sensor and target. posi t ions.  If t h e  space- 
c r a f t  pos i t ion  and ve loc i ty  are known, t he  sensor-target relative speed can 

be estimated using the  bas ic  tr igonometric operations.  

Among those  quan t i t i e s ,  thz  wavelength is a constant 

Also, t h e  grav i ta t ion  and look angle are  usual ly  known. The r e l a t i v e  

With both t h e  doppler frequency and t h e  frequency rate determined, t he  phase 

reference functions t o  %e fed  t o  the azimuth co r re l a to r  f o r  synthe t ic  aper ture  

processing are w e l l  defined. 
t h e  quadratic phase h i s to ry  is e a s i l y  obtained by a simple two-step integra-  

t i o n  of t h e  doppler parameters. 

Using t h e  in te rpulse  period as mothe r  input ,  

5. CONCLUSION 

Real-time processing o f  spaceborne SAR data i s  by no means an easy task .  

Further de ta i led  ana lys i s  and simulation are being pursued i n  an e f f o r t  t o  

search f o r  b e t t e r  so lu t ions  t o  t h e  SAR processing problem. 

t h a t  t h i s  development w i l l  serve as a stepping stone toward t h e  implementation 

of fu ture  on-board SAR processors.  

remote sensing from space platforms w i l l  be enhanced by t h e  development of 

high-performance on-board SAR processors. 

It i s  an t ic ipa ted  

9 e  u t i l i t y  and p r a c t i c a l i t y  of microwave 
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