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I. INTRODUCTION 

The contract was initially oriented toward simulating the radar 

parameters of the ASAR (Advanced Synthetic Aperture Radar) system under 
development jointly hy NASA/JPL and NASAIJSC. The fo-r had been 
tasked to develop a system using a technique known as "burst mode" 

with wavelength diversity in pulse bursts of transmissions. 
was responsible for developing the antenna system required for handling 
the wide band of frequencies involved. The ARL:UT supporting effort 
was to simulate the system design and particularly the "burst mode", 
to provide insight into the operation of the algorithms and anticipated 

results. 
platform had to be modified to support the aircraft based ASAR. 

NASA/JSC 

The simulation developed by ARL:UT for an orbiting SAR 

After three months of effort toward these objectives, a decision 

was made to stop further work on the ASAR system and instead concentrate 

on certain key SAR technology areas. Among these are mult1,olarization 
antennas, multifrequency radar, multibeam squint mode SAR (wide math), 
calibration techniques, and iurst mode implementation. 
ARL:UT addressed the first three in varying degree. 

Of these, 
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11. ASAR SIMULATION EFFORTS 

A. Discussion 

The ARL:UT orbital SAR simulation (OSS) had to be modified to 
simulate an aircraft flying in earth's atmosphere at a relatively low 
velocity and altitude compared to the orbiting platform. 

radar parameters had to be obtained from the systc'i designers at NASA/JPL 

and the antenna parameters from the project personnel at NASA/JSC. 
system was to have exhibited two unique design features: 
broad wavelength coverage, and data processing of synthetic data arrays 

formed by bursts of pulses at several different radar frequencies. 

In addition, the 

The 

extremely 

The purposes of the simulation were to investigate and demonstrate 
the validity of the system design, in particular the so-called "burst 
mode" operation. 

Two sets of problems were encountered in this effort. 
had to do with adapting the existing simulation, of a space-based 
orbiting radar, to the aircraft-based design. This problem set was 
rather easily solved, but attempts to define the design parameters of 
the radar system were relatively unsuccessful initially, and two or 

three months elapsed before a preliminary set of parameters for use in 

the simulation was agreed upon and obtained. 

The first 

B. Dynamics Simulation 

In order to utilize the existing routines in the simulation, 
the proposed aircraft platform (a CV 990) was considered like an 

orbiting platform in a low earth gravity environment, so that 
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it could maintain o r b i t  at its usual a l t i t u d e  and ve loc i ty .  

magnitude of t he  ve loc i ty  vector is 

The 

9 (1) 
2 2 1/2 . i Vs = a(1-e cos E) 

with the  a l t i t u d e  spec i f ied  by the  o r b i t  radius  from ear th ' s  cen ter  

= a ( l  - e cosE) , (2) 

The g rav i t a t iona l  constant of e a r t h  u has been measured a t  

398,601 km3/sec . 
is the  eccent r ic  anomaly. I f  e is zero,  t he  o r b i t  is c i r cu la r .  The 

parameter a is t he  semimajor ax i s  of t he  o r b i t  e l l i p s e ,  or t he  rad ius  

of the  o r b i t  with e 4 .  

P 2 In Eq. (2) e is the  eccen t r i c i ty  of t he  o r b i t ,  and E 

By se l ec t ing  the  proper values for t he  six Kepler o r b i t a l  

elements, a ,  e, i, 0, w, and T the  o r b i t  is specif ied.  In  Eq, (11, 
P' 

is the  time de r iva t ive  of the  eccent r ic  anomaly: 

E - e sinE = v(t-T ) (3) P 

(4) dE - (1 - e cosE) = v d t  

Here v is the  mean angular ve loc i ty  of the  platform 

Xn order  t o  der ive a usable value of p we can s implify the  
P 

operation by assuming a spher ica l  ea r th  and a c i r c u l a r  o r b i t  f o r  t he  

a i r c r a f t .  We f ind t h a t  
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t he re fo re  

Assuming t h a t  t he  CV 990 w i l l  f l y  a t  400 k t  TAS (205 m/sec) a t  an 

a l t i t u d e  of 12,000 m (39,372 f t ) ,  w e  can so lve  f o r  an imaginary value 

of p which w i l l  provide the  proper angular rate. P 

= (0.20512 (126378.167) 

3 2  = 268.2 km /see 9 

compared with the  measured value f o r  e a r t h  of 

3 2  
p 398,601 km /sec 

P 

A l l  o ther  planet e a r t h  parameters remain the  same. 

For t he  o r b i t  spec i f i ca t ion ,  a l l  parameters used f o r  SEASAT, f o r  

example, can remain the  same except t he  semimajor ax i s  a,  which becomes 

6390.167 lcm (12M378.167) and the  o r b i t  r o t a t i o n a l  r a t e  q, which becomes 

- - = -  ”’ ( Oo205 ) = 18.4 x deg/sec 
2a r9 2n 6390.167 

C. Rtltiar Simulation 

The proposed ASAR design was t o  have used l i n e a r  F’M (chirp)  pulse 

compression, whereas the  OSS is designed fo r  binary phase coded pulse 

compression, which is p a r t i c u l a r l y  adapted t o  d i g i t a l  proceeeing. 

5 



Some effort was spent in analyzing the pulse compression routine 
requirements to provide an analogous digital signal sampled at the 
Nyquist rate. 

Following a specification review at JSC, a first attempt was 
made to assign radar specification values for the simulatlori. 
contains most of these values. 

Table I 

The linear FM chirp modulation proposed for the ASAR has the 
following parameters. 

2 df = Hz/eec = lo9 HZ ; fl = 1.02 x io HZ , dt 
fO 

T = 20 x sec . 
9 

The equation for the phase as a function of time I s  

, 4 1 ~  = 0 rad 1 df t2 0 = 0, + fot + T Z  
at t = 0  , 4 = $ o = 0  

at t = n  , 0, 9o + fo(n) + 5 dt (n) 1 df 2 

If At = n - (n-1) = 1 

From the sampling theorem, saupllng period - 1/2 period of 
, A+ = C, - 'n-l = f + +% (2n-1) . 

0 

highest frequency, 

1 1 1 = 0.49 naec (10) let At - [n-(n-l)l - 9 2fl 2fl 2.04 x 10 Hz 

then 
= 9, + nAtfo +?at df (nAt) 2 

'n 

2 2  (n-1) At = + (n-l)Atfo t 1 df %-I 
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TABLE I 

Radar Specifications Radar I D :  ASAR 1 

A 

TB 

N 

n 

Pr 

’a 

1: 

P 

S 

s 

S a 
* 
* 
* 
POR 

POA 

sw 

WL 

TBW 

s /N 

LRC 

LP I 

RESR 

RESA 

SRR 

KPC 

KPCS 

SRA 

KRFTNR 

KWTFTNA 

SHADFAC 

PCOFFR 

PCOFF’A 

sw 
NA 

LAT STJAT 
P 
TCR Kt 

LT TCLAT 

LN TCMNG 

x - -. L S C 
Radar wavelength, m 0.23513 0.093685 0.062457 O.O?’ ’ 

Range t ime-bandwid th Product 400 

Received signal-to-noise ratio, dB 7.0 

Sample length of range correlation 40,800 

Sample length across phase interval 1 

Ground range resolution, m 25 6 
Azimuth resolution, m 2 

Range 

Phase 

Phase 

sampling ratio 1 

code, =10-3n[0.98 + (2n-1) 0.24 * rad ’n 
code sequence, BCD 1 

Az imu th 

Name of 

Name of 

sampling ratio 1 
2 range impulse response function, BCD: cosine 

aperture weighting function, BCD Taylor 

Aperture weight factor 

Patch-to-patch offset , range, m 
Patch-to-patch offset, azimuth, m 

Swath width, km 

Number of patches 

Map start latitude, rad 

-30 dB 

0 

9 

25 

1 

2nj10 

Planetocentric distance to terrain center, km 
0.63675192370 x lo4 

Terrain center latitude, rad 

Terrain center longitude, rad 

2 n n  0 

n 
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and 

D. 

A+n = 4n - @,,' = h t f o  + - ' - df [(nAt 2 ) - (nAt) 2 + (2n-1)At 2 1 
2 d t  

= ht fo  + 

= 2nfoAt + II 

dt df (2n-1)At 2 cycles  

(2n-1)At 2 rad d t  

= 211(10~)(0.49xlO-~) + T 2o lo6 (2n-1)(0.49~10 
20 x 

= 10% 0.98 + (2r1-1)(0.24 10-3)]rad [ 
= 0.18 [0.98 + (2n-1)(0.00024)] deg 

T 9 N = 
P 

= (2 .04~10 ) ( 2 0 ~ 1 0 - ~ )  = 40,800 samples. 

- Antenna Simulation 

The antenna design was the  zespons ib i l i ty  of JSC. It posed a 
spec ia l  problem because a s i n g l e  antenna f o r  the  10 GHz bandwidth 

(2-12 GHz) would be very d i f f i c u l t  t o  design and bui ld .  

design l a rge ly  depended on the  JPL radar  design, which was not  f ina l ized .  

Table 11 gives the  parameters t h a t  were se lec ted  f o r  use i n  the  absence 

of any real antenna cha rac t e r i s t i c s .  

Secondly, its 

E. Terrain Specif icat ions 

The t e r r a i n  t o  be used i n i t i a l l y  w a s  t o  be a model t e r r a i n  used 

i n  previous work, ca l led  SINGLESCA'.. It contains  two d i s c r e t e  eca t t e re re  

and a @ingle  homogeneous f i e l d .  Table I11 descr ibes  the  paramcters f o r  

t h i s  model. 
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TABLE I1 

ANTENNA SPECIFICATIONS 

* 
B * n  

* 'B 

* n  

* 
'a, 

e l  * 

* 

UANT 

SNAC 
SQUINT 

ABW 

EBW 

PHCPB(3) 

ABRPY(3) 

PDRPY (3)  

Antenna ident i f icat ion,  0CD PIITPAT 
Boresight nadir a t  map s t a r t ,  

Boresight squint a t  map s t a r t ,  rad 
Antems azimuth angular coverage, rad TI  

Antenna elevation angular coverage, rad n 

rad 20" ,+/9 

goo ,s/2 

Phase center posit ion,  body a x i s  xyz,  m 

4ntenna at t i tude ,  body axis  rpy, rad 

Platfonn att i tude ra tes ,  l oca l  orbi ta l  

O,O,O 
7n E 0,- - 18'4 

rpy, radfsec o,o,o 
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TABLE I11 

KSNO 

NDISC 

NFLDS 

NSCATS 

EWEAN 
DISTAX 
DISTY 

TERRAIN SPECIFICATIONS 

Terrain identification, BCE SINGLESCAT 

Number of discrete6 i n  terrain rodel 

Number of fields in terrain podel 
Total number of scatterers i n  terrain model 

2 
I 

102 
Wean echo strength 0.1 

x-axis coverage, km 10 

y-axis coverage, Ita 10 

10 



A meeting vas held a t  NASA/JPL i n  the  t h i r d  month of the  cont rac t ,  

at tended by representa t ives  from ARL:UT and Environaental Research 

I n s t i t u t e  of Wchigan (ERIH), t o  evaluate the d e s i m  objec t ives  and 

s t a t u s  of t h e  ASAR. 

and, subsequently, NASA decided to  cancel the e n t i r e  project .  

a subs t an t i a l  port ion of t h e  contract  resources at &:UT had already been 

expended on t he  e f f o r t ,  and a s l m l a t i o n  had not been run. 

The projec t  had schedule and funding d i f f i c u l t i c 6  

Unfortunately, 

The projec t  vas reoriented with s p e c i f i c  emphasis on three  areas: 
antenna polar iza t ion  e f f e c t s ,  wavelength d i v e r s i t y  e f f e c t s ,  and islemen- 
t a t i o n  of a so-called "burst  rode" wavelength d i v e r s i t y  concept on a 
patch-by-patch bas is .  

11 





111. OTHER SIMULATION INVESTIGATIONS 

Figure 1 illustrates the architecture of the OSS sirulation. 
intermediate step results in data on tape or disk bulk storage, which 
permits increwntal capletion of the entire simulated radar image. 

the polarization and wavelength diversity experirenta an existing terrain 
model was utilized, illustrated in Fig. 2. 

scene content of the test terrain as well as images derived from it. 

Each 

For 

This figure illustrates the 

A. Antenna Polarization Effect 

A camplete sirulation vould include the polarization sensitivity of 
individual scatterers and would incorporate the randomly polarized 
backscattering from the individual scatterers in fields of scatterers, 
particularly homogeneous fields. 
backscattered wave is partially polarized, part of it coapletely polar- 
ized, and part of it unpolarized. 

polarization as the ratio of the polarized power to the total power 
(following Kraus), or: 

The general situation is that the 

Suppose we designate the degree of 

larized power , 
d = POLotal power 

and denoting the Stokes parameters as so, sl, s2, s3, 

d =  O i d i l  . 
S 
0 

(15) 

(16) 
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These are ncrma1ize.d Stokes parameters, defined as follows, with 

reference t o  Fig. 3: 

Ex - Eo COSE s i n d  COST - E (17) 

Ey = Eo COBE sinwt s i n r  + E s i n e  coswt COST (18) 

s ine  coswt e ln r  
0 

0 

I f  w e  now s u b s t i t u t e  t h e  t h e  dependent values  of Ex and Ep w e  
have 

El sin(wt-tS1) =  EO(^^^^ s inwt  COST - s i n €  coswt s i n r )  (19) 

E2 sin(wt-b2) = E (COSE s in& s i n r  + s i n e  coswt COST) . (20) 
0 

I f  these are expanded, and sinwt terms and coswt terms set equal  (which 
el iminates  the  titie dependence) : 

Y2 2 2 2 

2 

E2 = Eo(cos E sin T + sin E C O S ~ T  

The flux dens i ty  i n  W/m is t he  Poyntlng vector  s: 
2 2 2  

+ E2 I -  Eo 
S 

0 
2 

0 
2 

1 q = s  + s  - 
X Y  

(22) 

where Z0 is the  free space impedance, 377 I! per  square measure, SH l e  the  

Poynting vector  f o r  the E wave component polar ized t o  x ,  and s for the 
one polarized t o  y. 

0 9' 

E: 2 2 2 2 = - = IS((cos E cos  T + sin E s i n  T) s* zo 
.. 

2 2 2 2 IS](cos E sin T + s i n  c: cos t) E; s =-I 

y zo 

The Stokes parameters are now defined as 

S 
8 = - = 1  

o s  

( 2 4 )  

16 



X 

E, = E, cin(ot - 6,) 
Ey = E, sin(ot - 6,) 

E, - E,' cosr - E,' tinr 
Ey = E,'sinr - Ey' oosr 

'6 = TIME PHASE DIFFERENCE 
BETWEEN E, AND Ey 

6 = 6, - h2* 

FIGURE 3 
POLARIZATION ELLIPSE 

AAL:Uf 
AE-81-131 
CRG - GA 
0 -  16 - 81 
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where i> denotes time averaged value. Then 

2 
S3 = E <E1 E2 cos&> = <sin2€> P 

2 2  
1 2  3 

.-l 

1 2 s  + s  + sL 

These can be  written in  matrix form 

= s  

fo r  a part ia l ly  polarized wave, where the f i r s t  term of E q .  (27 )  is the 

polarized power density and the second is  the  unpolarized power density.  

The antenna polarization response may a l s o  be expressed as  a matrix, 

with A the e f f ec t ive  aperture: 
e 

2 m 1 
Thus t h e  power out of the antenna i s  given by 

18 



The simulation for the APQ-102 uses a linear polarized antenna, 
with a gain given by 

e G = -  
4 nA 

A2 
S 

and the magnitude of the gain function can be entered into the simulation 

via program ANTENA. 

we have 
Substituting the matrix representation for the A e 

Combining the polarization matrix for a scatterer, we have 

where the substitution of radar cross-section Q is made for the power 
density S, assuming that the backscattered power density is proportional 
to the cross section. 

i 
The former may reduce t o  a 0 '1, al=O, 

To implement this function in program ANTEHA requires that the a 

be specified, as well as the si. 

a2=0, a3=0, or it may depend on platform motion. 

The specification of [SI on the other hand would be arbitrary or 
would depend on measured data for particular types of radar targets or 
clutter . 

19 



As a first step, it ras decided to investigate the effects of 
crosspolarized antennas for transmit and receive, and assume no polariza- 
tion sensitivity for u .  Although the crosspolarized response of the 
receive antenna has been measured, it was not available in the azimuth 

plane, only in elevation. Based on the lobe structure and boresight 
gain of the elevation pattern, a crosspolarized azimuth response pattern 
was constructed and used to specify ANTENA. 
pattern used. 

Figure 4 illustrates the 

The values for  the patterns, digitized every 0.33' to a coverage of 

+24', were ectered using an HP9810A with digitizer. The SEASAT radar 
parameters were used and six scatterers were entered into the terrain 
model for test purposes. Five of these were given a cross section of 
1 m at the center and corners of the 1.4 x 1.4 km mapped area; the other 
was 26 dB greater at 20 ni . 
data were printed out--see the Appendix. 
results for the co-polarized antenna response. Post-processing was 
effected at 2 dB/gray shade, with the peak filter magnitude falling in 
gray shade 16. 
has it off. 
used; hence range sidelobes are not present. Figure 6 is for the same 
scatterer array but uses a unit antenna pattern, i.e., it is isotropic. 
There is no appreciable difference since the entire imaged area falls 
well within the beam of the APQ-102 1.3' 3 dB beamwidth for the orbiter 
altitude of 870 km. 

2 

2 The ,imulation was exercised and the SARCON 
Figure 5 shows the displayed 

Figure 5(a) has gray shade 16 turned on and Fig. S(b) 
To expedite processing no range pulse compression was 

To demonstrate antenna response, a realistic terrain scene without 

a prohibitively large scattering area was required and it was necessary 

to place scatterers at ambiguous (with respect to pulse repetition 
frequency (PRF)) response points. The total azimuth coverage imaged 
was only 1.4 km; if the terrain node1 covered only this area, then from 
an altitude of 870 km along 4.6 km of the orbit (the synthetic array 

length), only  20.25' of the antenna patterns would be used. 
an effec.ffve but simple model of terrain, single scatterers were placed 

at ambiguous points as illustrated in Fig. 7 .  

To create 

Only the single scatterer 

20 
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PATCq CENTER 

27 Discrete Scatte:.ers i n  F!odel 

FIGURE 7 
AMBIGUITY TERRAIN 
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a t  the patch center  w a s  imaged; however, t he re  M e r e  Doppler cont r ibu t ions  

from a l l  the  s idelobe scatterers. 

were used; the second one o f f s e t  the ambiguous poin t  scatterers i n  

graduated SLCPS 10-30 m from the ambiguity locat ions.  

Two configurat ions of scatterers 

Figure 8 i l l u s t r a t e s  the re su l t s .  Each photograph contains six 
images of the  patch ceater; each of these  is 1.4 x 0.4 kr, with  25 I 

resolut ion.  

t e r r a i n  model imaged with the  i so t ropic ,  co-polarized, a n C  crosspolar ized 

patterns. A l l  th ree  pa t t e rns  were normalized to 1.0 a t  the  peak response. 

The l . ; t  three  from the  top on t he  l e f t  are images of the offset ecattec- 

ers fo r  co-polarized, crosspolar ized,  and i s o t r o p i c  patterns. The top 
gray shade of t he  d isp lay  is set d m  20 dB from t h e  peak response of 

the  centar  p ixe l  t o  show the  weak s idelobe s t ruc tu re .  

Fro- ,he top, t he  f i r s t  th ree  s t r i p s  are of t h e  unoffset 

The r i g h t  photo has the  same order of images, but  t h e  top gray 

shade is 35 dB below the peak response, thus def in ing  more c l e a r l y  

sidelobe response of the  system configurations.  

Analysis 02  these r e s u l t s  shows a s i g n i f i c a n t  reduction i n  

ambiguities tetween images with the  i so t rop ic  antenna p a t t e r n  and the 
APQ-102 pat terns .  

and has lower s idelobes than the  crosspolar ized Image. 

polarized pa t te rn  gecerates  an ambiguity due to  I t s  high sidelobee.  

must t z  ca re fu l  i n  t ry ing  t o  i n t e r p r e t  the  power l e v e l  of t he  arb%@- 

ties, because the energy returned outs ide the  main bean is from only a 

few scatterers and may be lower than the energy returned from an actual 
continuous t e r r a i n  area. 

The co-polarized p a t t e r n  iaage shovs no d i g u i t i e s  
The cross- 

One 

B. Frequency Diversi ty  Effec ts  

It  was decided t o  inves t iga t e  the  image v a r i a t i o n s  with wavelength 

on the scene of Pig. 2, which kns  been imaged a t  the  SEASAT wavelength 

of 23.5 cm. Three other waveit , ths uere se lec ted :  1.8, 3.125, and 

10.34  CEL. 





To properly implement the simulatior. tne v a r i a t i o n  of t h e  c ross  

sec t ion  with wavelength should be included. Other wavelength dependent 

f a c t o r s  are the antenna response pa t t e rns ,  transmitted power, receiving 

system noise and, indeed, every f ac to r  i n  the radar  range equation either 
imp l i c i t l y  o r  d i r e c t i y .  I n  the  i n t e r e s t  of economy and reduced c o t  

plexi ty ,  however, only the  e f f e c t s  on t h e  synthetic a r r a y  processing 

were taken into account. 

be the case i f ,  f o r  example, the  cross-section dependency were included. 

This could involve a simple adjustment since, generally speaklag, radar  

c ross  sec t ion  va r i e s  proportionally t o  t h e  square of the  wavelength. A 

useful se t  of r e l a t i o n s  might be: 

The resul ts  are not very dramatic, as would 

Q = l m  2 = @ d B m  2 
L 

2 
2 

~ ~ ( 1 0 . 3 4 )  

(23.5) 
= 1. 936 x 10-1 IS = -7 dB m 2 L 

u =  S 

~ ~ ( 1 . 8 )  2 

u =  = 5.867 x u = -24 dB m 2 
Ku (23.5)2 L 

This is i n  general  t r u e  only  for per fec t ly  conducting bodies, and 

For t h e  f i r s t  simulation is not :he general  case f o r  c l u t t e r  t a rge t s .  

e f f o r t ,  only the wavelength parameter was var ied ,  and the  r e so lu t ion  

cel l  dimens1or.s were forced t o  the same values by varying the  number of 
pulses processed o r ,  equivalently,  t he  a r r ay  length. 

Figure 9 presents the  four  images of t he  test pa t t e rn ,  photographed 

The most obvious e f f e c t  of t he  wavelength with two d i f f e r e n t  exposures. 

changes is i n  the  coherent speckle p a t t e r n  

The da ta  were analyzed s t a t i s t i c a l l y ,  and only very s l i g h t  changes in 
the average values were observed. 

comparison. 

i so t rop ic  antenna pa t t e rn .  

was used t o  display and photograph the  results (Fig. 10) .  

- ,r  t he  homogeneous f i e l d s ,  

Table IV provides these d a t a  foi- 

The sirnulatioris were run f o r  the  SEASAT radar and the  

The ARC:UT high reso lu t ion  d isp lay  system 
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TABLE I V  

PARTIAL RESULTS OF FREQUENCY DIVERSITY STUDY 

-. 
23.5 r3.345 
(cm) (cd 

336.63167 337.97644 

6.86~10-~~ 3.69~10-l~ 

0.18181 0.17562 

4.857 4.859 

STATISTICAL DATA 

3 125 1.8 
( 2 m L - - -  (-1. . 

334.4 ;;85 342.83377 

5.13~10-~~ 8.95~10'~' 

0.17848 

4.849 

0.180995 I 4.959 
!%?x i m u m  

Hiniolum 

Mean 

sigpa 

Array No. 1 

Array Length, m 

Formation Time 
( s e c )  

No. of Pulses 

PRF, Hz 

Platform Velocity 
(km/sec) 

SYNTHETTC ARRAY PARAMETERS 

43,262 pts 

4601 

0.617 

926 

1 , 500 

7.4577 

43,039 pts 

2026 

0.271 

916 

3,370 

7.4577 

42,816 pts 

61 2 

0.082 

900 

10,970 

7.4577 

- 
42,816 pts 

352.5 

0.047 

896 

18 , 948 

7.4577 

The PRF was increased to obtain approximately the same number of 
samples (pulses) In arrav lengths progressively shorter so that resolu- 
tion would remain the same for the azimuth dimension as wavelength 
decreased. 
drastically increased as the ratio of array length to wavelength increaeed. 

Had this not been done, the azimuth resolution would have 





I V .  TECHNICAL EFFORT SUHHARY 

Unfortunately, t h e  d i l u t i o n  of t h e  resour'3es a l loca t ed  t o  t h e  

simulation e f f o r t s  by t h e  ASAP. projec t  prevented completion of in-depth 

s tud ie s  on any of t h e  sub jec t s  undertaken. 

menced on a wide swath technique using squinted mul t ip le  beams. A major 
challenge w i l l  be t he  formation of t h e  image from t h e  output of mu l t ip l e  

beams tracking t h e  c lu t t e r  along t h e  ve loc i ty  vector.  

trates the  concept, which w i l l  be undertaken i n  a follow-on e f f o r t .  

I n i t i a l  ana lys i s  was com- 

Figure 11 i l l u s -  

In  summary, t h e  ASAR work provided a method f o r  adapting t h e  OSS 
simulation t o  an  a i r c r a f t  platform, and t o  a l i n e a r  FM (chirped) pulse 

radar.  The ana lys i s  i nd ica t e s  t h e  approach t o  be taken t o  f u l l y  char- 

a c t e r i z e  t h e  e f f e c t s  of po la r i za t ion  of the backscattered energy and 

crosspolar iza t ion  of the antenna sys tem versus co-polarization of trans- 

m i t  and rece ive  antennas. 

F ina l ly ,  some e f f e c t s  of frequency d i v e r s i t y  i n  t h e  generation of 

coherent speckle from homogeneous f i e l d s  were synthesized wi th  t h e  simu- 
l a t i on .  These e f f o r t s  point t he  way to more de t a i l ed  and f r u i t f u l  

inves t iga t ions  i n  t h e  fu tu re ,  using t h e  OSS simulation programs. 
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FIGURE 11 
THE GEOMETRY OF THE MULTIPLE BEAM SAR 
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