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SUMMARY 

In this paper the preliminary resulta on the evaluation of spacéborne radar 
(SIR-B) data for geological and geomorphological studies are presented. Two speckle 
reduction algorithms (Sigma and Lee) are described and applied to a SIR-B scene, 
from an important geological province (Guiana Shield) in northern Brazil. 

1 - INTRODUCTION 

In the coming yeara several multiparameter orbital SAR systems will be 
launched (Table 1), and an enormous amount of sensor data from land and sea will be 
available for research and thematic applications. 

In order to properly evaluate these data, several studies have to be performed 
by the user community, using existing data sets to: 

a) analyse and evaluate physical parameters of relevance from targets of tnterest 
like dielectric constants and roughness; 

b) study the characteristic multiplicative noise of SAR tmages ("apeada") specially 
on how to reduce or eliminate it without blurring the image, using for example, 
adaptive filters. 

c) develop algorithms (e.g. for thematic classification ) that would permit a 
synergistic approach for the use of data obtained as well by optical (TM, SPOT) 
sensors as by active microwave (radar) systems. 

At INPE, presently these three types of study are being performed. In this 
paper, however, only the preliminary resulta on the application of two filters, 
adapted from Lee (1981, 83), to redude speckle at SIR-B images wIll be presented. 

Following a short description of the SIR-B mission, both filter types are 
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briefly described. The applicability of this procedure to enhance images of 
geological/geomorphological interest will be discussed. 

2 - THE SIR-B EXPERIMENT 

The Shuttle Imaging Radar-B, flown on October 1984, aboard "Challenger" 
similarly to its' predecessor, SIR-A was an L-band (1,282 GHz . 23,4 cm wavelength) 
system. The objective of the second shuttle radar mission was to evaluate 
quantitatively the relationship between backscatter against the response of incidence 
angle and 	over different terrain types. In order to perform this task, the 
antenna was designed to be tilted in one-degree increments over a 15 0  to 600  range 
of look angles. 

In comparison to SIR-A, the second SIR experiment had a facility to digital 
record data. This permitted an improved dynamic range and a higher spatial resolution 
vis-a-vis the former SAR system. For further information on this imaging radar 
system as well as on experiments performed with SIR-B data, it is referred to Cimino 
et al. (1986). 

3 - THE "SPECKLE" PROBLEM IN SAR IMAGES 

"Speckle" can be considered a randomic and multiplicative noise in SAR 
images, since the noise levei increases with the average grey levei of the area 
under study. Lee (1987) characterizes the two principal speckle reduction techniques: 

a) Image enhancement techniques that average various registered, but independently 
processed (e.g. multi-look processing) scenes, such as Goodman (1976) and Porcello 
(1976); 

h) Speckle reduction techniques applied after image formation (Lee 1981, 1983, 1986, 
1987, Frost et al. 1981). 

At INPE, Ii & Banon (1988) performed initial studies on speckle reduction 
from SAR-580 images using Lee (1981, 1983) and Frost et al. (1981) filters. The 
former presented better resulta, and will be used on this study for SIR-B data. 

4 - SIGMA FILTER 

The sigma filter proposed by Lee (1983) is based on the sigma probability of 
a gaussian distribution. The pixel to be processed is changed by the average of the 
neighbor pixels in a 3 x 3 window. These grey leveis are within the limit of two 
standard deviation of the pixel considered. 

So, if X denotes the original image, its'filtered version Y is given, at any 
pixel location (i, j), except at the border, by 

(k-i, 1-j) X (k7-1) 

E a (i9j) 

Y(i,j) 	(k, 1 ) E W(i,j)  

E 
(k, 1) E w 9  

where: W is a 3 x 3 window, centered at (0,0) 
W (i,j) is this window centered at (i,j) 

and 

a (3)  (kl) 	1 
, 

(1-2a) x (i,j) 	x (i+k, j+1) if 	(1+2a) x (i9j) 
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and 

(k,l) as O otherwise i.e. for any ek,l) c w, and where a ig the ratioof the 
1 9J) 

a c  • 

local standard deviation of X and the local mean of X is a featureless area. 

5 - LEE's FILTER 

Lee (1981) proposed another filter, defined as follows: If X denotes the 
original image, its' filtered version Y is given by: 

Vw 	 Vw  
Y 	( 1   ) .Mw+ 	  . X 

+ V' Vw 	 Vw + V'  

where Mw  and V are respectively the mean and variance version of X, by using a 5 x 5 
window and where V I  is given by 

MW 2 

5/ 1 „ 2.3  (-) .v 

with m and V.  being respectively the empirical mean and variance of X. 

6 - DISCUSSION OF RESULTS 

Both filters present a good speckle reduction, when visually compared 
(figures 1-3). As for the sigma filter, the value of a found was 4,66. It is quite 
different from the value estimated by Lee (1983) using SEASAT data. This is 
probãbly due to the fact that the ares of study is a mountainous terrain presenting 
characteristic features such as shadows and layover. 

The Lee filter (photo 3) presented higher efficiency as to speckle reduction, 
than the sigma filter, since the noise was reduced, but keeping the borders t  A slight 
blur was yet noticed. This could be related tothe window size that is bigger at the 
former (5 x 5) than at the latter filter. 

7 - CONCLUDING REMARKS 

The following steps of this work will be to study the geology and geomorphology 
from ã.e Guiana Shield, which is partially covered by the SIR-B image. The filtered 
SIR-B image will be registered to the corresponding TM-scene and to the UTM grid, 
in order to combine linear terrain features (ridges, slopes, faults, ...) obtained by 
SAR, with photo-geomorphologic and -geologic mapping units, to be obtained by TM-data. 

The rectification of these data sets will result in a raster data base that 
could be used for cartographic feature extraction. This procedure has been used by 
Welch & Ehlers (1988) in Georgia and presented good retults. 

Other speckle reduction algorithms, such as recursive median filters, could 
be implemented and used in future experiments. 
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Fig. 3 - Same scene, LEE filtered. 
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