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Radar images of the  e a r t h  can be taken with a syrlthetic aper ture  radar  

(SAR) from geosynchronous o r b i t a l  ranges by u t i l i z i n g  satellite motion 

relative t o  a geostationary posi t ion.  

motion can be obtained by having an o r b i t  plane incl ined r e l a t i v e  t o  the 

equator ia l  plane and by having an eccent r ic  o r b i t .  

of these SAR images are topography, water resource management and s o i l  

moisture determination. Preliminary ca lcu la t ions  show t h a t  the United 

S ta t e s  can be mapped with 1OO-m reso lu t ion  c e l l s  i n  about 4 hours. 

the use of microwave s igna l s  the  mapping can be performed day o r  n ight ,  

through clouds and during adverse weather. 

See Figure 1. A s u i t a b l e  satel l i te  

Po ten t i a l  appl ica t ions  

With 

Synthetic apixture  radars  have been flown i n  a i r c r a f t  [3 ]  and one is sched- 

uled t o  be f l m  in the low-orbit NASA SEASAT satel l i te  [l]. The antenna 

beam is usual ly  or iented broadside (normal) t o  the radar  platform ve loc i ty  

vector ,  although the beam can be or iented a t  other oblique angles [:I. The 

SAR image plane is defined by the platform ve loc i ty  vector  and radar antenna 

beam axis .  A geometrical cons t ra in t  requi res  t ha t  the normhl of the object  

scene plane must not l ie  i n  the SAR image plane. I n  vector  notation,* 

(;;xi+ ;1+ 0 - 
where v = radar platform ve loc i ty  vector  

R = radar range vector  along antenna beam a x i s  

n = object  scene plane normal 
II 

The t rack of a s a t e l l i t e  i n  geosynchronous o r b i t  depends on the o r b i t  

inc l ina t ion  angle and o r b i t  eccen t r i c i ty .  

fo r  an example of o r b i t  i nc l ina t ion  angle only. 

oriented i n  the Porth-South d i rec t ion .  I f  a small amount of o r b i t  

In  Figure 2a, a t rack is shown 

The long dimension i s  

* Other i d e n t i t i e s  a r e  - (g x n) and (n x v). 
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eccen t r i c i ty  is added the t r ack  w i l l  tilt as shown i n  Figure 2b, and a 

greater eccen t r i c i ty  w i l l  produce the  t rack  shown i n  Figure 2c. 
inclination angle of Ll", an o r b i t  eccen t r i c i ty  of 0.009. and an argument 

of perigee of 90°, a near c i r c u l a r  s u b s a t e l l i t e  t r ack  [ 21 can be produced 

as shown i n  Figure 2d, and the  satell i te scanning speed is about 48 m/se 
r e l a t i v e  t o  a nominal geostationary posi t ion.  The m a x i m u m  range rate is  

about 30.4 m/sec t o  a 40° l a t i t u d e  ground loca t ion  a t  the  same longitude. 

A radar  frequency of 2450 MHz, an antenna beamwidth of 1' and a ground 

r e so lu t ion  of 100 meters are assumed. 

With an 

The following values  were computed: 

antenna diameter 

incidence angle 

beam foo tp r in t  

d i f f e r e n t i a l  s l a n t  range 

across  foo tp r in t  

range ambiguity 

azimuth ambiguity 

radar  PRF 
i n t eg ra t ion  time 

r ad ar bandwidth 

radar  Doppler s h i f t  

7.3 m 

46.3O 

1063 lon N-S by 654 lon E-W 
690 km 

217 pulses/sec,  m a x  

13 pulses/sec,  min 

54 pulses/sec,  nominal 

476 secs, min 

2.08 MHz 
500 Hz, max 

Depending on the viewing angle,  an in t eg ra t ion  t i m e  of up t o  700 seconds 

per beam foo tp r in t  mey be required.  To achieve 100-m azimuth reso lu t ion  

t o  cover the  United S ta t e s ,  3 East-West rows and 7 North-South columns of 

f o o t p r i n t s  w i l l  be required and t h i s  w i l l  take about 4 hours. The number 

of p ixe l s  is lo9. An ambiguity due t o  a r a d l r  Doppler s h i f t  of 500 Hz can 

be removed by ground processing which relies upon accurate  ephemerides data .  

An o s c i l l a t o r  s t a h i l i c y  of b e t t e r  than 1 pa r t  i r l  10l1 is required over the 

in t eg ra t ion  time. The time-delay Doppler s h i f t  s i g n a l  processing technique 

required t o  produce images i s  q u i t e  similar t o  t h a t  used i n  radar  astronomy 

[41  

The t ransmi t te r  power was calculated assuming a system noise  temperature 

of 600°K, a system los s  of 6 dB and a re4i-l-tant SIN = 10 dB. The average 

powers as a funct ion of normalized radar c r c s  Lecrion u o  are: 
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(I*, dB 

-10 

-20 
-30 

Pave, watts 

800 

8,000 
80, COO 

Other sets of parametric values  can be assumed t o  ..chieve d i f f e r e n t  

performance cha rac t e r i s t i c s .  
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FIG.1 SAR GEOMETRY 
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