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ABSTRACT

Segmentation is performed in recognition applications as a
primary step towards extraction of interesting regions of an
image. In this paper, the characteristic effects of Weibull and
Fractal parameters in the segmentation of Synthetic Aperture
Radar (SAR) and Optical images acquired from satellite
platform is studied. The algorithms are tested for different
window sizes and different number of classes to bring out the
effect of these parameters in the segmentation process.
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1. INTRODUCTION

Segmentation process partitions an image into regions that
possess consistent properties. The approach to image
segmentation varies depending on the characteristics of the
image. The conventional approach of segmentation would
classify an optical image to a considerable extent but fails to
produce a reasonable result for SAR imagery. SAR images are
corrupted with speckle noise and hence any standard image
processing software would not produce expected result. The
segmentation of Satellite SAR and Satellite optical images
using Weibull and Fractal parameters is described in this
paper. Furthermore, the effect of window size and cluster
count on the end result is also analyzed.

2. METHODOLOGY

The characteristic effects of Weibull and Fractal parameters
are exploited for the segmentation of SAR and optical images.
The Weibull distribution is a well established theory and the
statistical parameters of a Weibull distribution are commonly
evaluated for life data analysis of brittle materials. In the
present context, Weibull distribution is used to model a SAR
image. A SAR image pixel |Cp, |, is assumed to be a Weibull
distributed  variable with form parameter v and scale
parameter 3. To compute y and B, a window [.] of size nxn is
considered that surrounds the pixel of an image. The
probability density function of Weibull distribution is given
by

P(ICmal) =
Por | |Con ] |Con I
ﬁm,n lgm,n ﬂm,n

where
Ymn=11/std[IN(ICry,n)]V6
and B = exp{mean[In(|ICm,n|)]+0.5772/y,, n}
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std [.] and mean [.] are respectively the standard deviation and

the mean of the Window [.]. In this paper, the scale
parameter, is considered for image segmentation [1,2].
Another parameter considered is the Fractal parameter,
namely the Fractal dimension. Fractal dimension measures the
degree of self-similarity of an image. In the present work,
Fractal dimension is computed by variation method. Fractal
dimension is computed for an image pixel by considering a
window that surrounds the pixel. Variation method defines
Fractal dimension as the slope of the line that best fits the
points (log(R/g), log {(R/¢)* E¢}) where R is the window size
and ¢ ranges from 1 to gnax Eg is taken as the average of
V(x.y), where V¢(x,y) is the " variation (difference between
maximum and minimum pixel value) over a window of size
25+1[2,3,4]. The range of Weibull and Fractal parameters
varies for optical and SAR images. The Fractal parameter for
both these images varies over a very narrow range. Hence it is
not effective to apply these values directly for segmentation.
Instead, the Weibull and Fractal parameters are mapped in the
range [0,255] to generate an intensity image. The histogram is
constructed for the intensity image and the range of values
which falls between lower and higher frequency elements
with a certain threshold frequency is considered for
segmentation. The range for each region is decided by the
number of classes entered by the user. The range of the region
[ai, @is1 ] iscomputed asaj=a+i* fori=0,1, ..., c-2,
where

c is the user input and t = (b-a)/c, where a and b correspond
the minimum and maximum of the selected region. The
intensity values belonging to the tails of the histogram is
assigned the same region that its immediate neighbor holds.
The features are also segmented using clustering technique to
identify the homogeneous regions in the image. After
segmentation the regions are assigned pseudo colors for visual
clarity.

Fig 1. Optical image Fig 2. SAR image
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Fig 3 (a) Intensity images using Weibull and Fractal
parameters (window size = 3x3) and the corresponding
histograms for Optical image

Fig 3 (b) Intensity images using Weibull and
Fractal parameters (window size = 15x15) and the
corresponding histograms for Optical image

3. TEST RESULT

Segmentation algorithms described above were tested using a
sample optical and SAR image shown in Figs 1 and 2
respectively. The Weibull and Fractal parameters are
computed for these images for a smaller window size (3x3)
and a larger window size (15x15) and the corresponding
intensity images are generated. An example of intensity image
and its histogram computed using Weibull and Fractal
parameters for both optical and SAR image are shown in Figs
3 and 4. Figs 5 and 6 show the plot of min-max range of these
parameters.

It could be observed that the segmented output image varies in
quality with the change in window size used for the
computation of Weibull and Fractal parameters. Hence the
results were presented with varying window size. The smaller
window sizes considered in the present study are 3x3,
5x5,7x7, 9x9 and the larger window sizes considered are
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Fig 5 (a) Min and Max range for Weibull
parameter computed for SAR image
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15x15,17x17,19x19,21x21. The output images obtained with
varying window size and for different number of classes for a
sample optical and SAR images are given in Fig 7 and Fig 8.
It is seen that Weibull parameter computed using smaller
window size produced good result, whereas Fractal parameter
computed using larger window size produced acceptable
results. This was found to be true for both Satellite and SAR
images.

The input images are also segmented using  k-means
clustering technique to produce segmented outputs. It could
be observed that Weibull parameter computed using smaller
window size is more effective in detecting local neighborhood
information. In the Figs 9 to 12, it could be seen that the fine
details could be detected using Weibull parameter whereas
fractal parameter (Fig 9c and 10c) could segment image into
coarse segments.

Fig 4 (a) Intensity images using Weibull and Fractal
parameters (window size = 3x3) and the
corresponding histograms for SAR image

Fig 4 (b) Intensity images using Weibull and Fractal
parameters (window size = 15x15) and the
corresponding histograms for SAR image
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Fig 5 (b) Min and Max range for Fractal parameter
computed for SAR image
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Fig 6 () Min and Max range for Weibull parameter computed

for Optical image
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Fig 6 (b) Min and Max range for Weibull
parameter computed for Optical image

Fig 7 (a) Satellite image - Weibull output for small window

sizes

Fig 7 (b) Satellite image - Weibull output for large window
sizes

Fig 7 (c) Satellite image - Fractal output for small window

sizes

Fig 7(d) Satellite image - Fractal output for large window

sizes
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Fig 8(a) SAR image - Weibull output for small window Fig 8(b) SAR image - Weibull output for large window sizes
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Fig 8 (c) SAR image - Fractal output for small window Fig 8(d) SAR image - Fractal output for large window sizes
sizes

Fig 9 (a) SAR imagel Fig 9 (b) Segmented image using Fig 9 (c) Segmented image using
Weibull parameter Fractal parameter
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Fig 10 (b) Segmented image using

Fig 10 () SAR image2 Weibull parameter

Fig 10 (c) Segmented image using
Fractal parameter

Fig 11 (a) Satellite imagel Fig 11 (b) Segmented image using Fig 11 (c) Segmented image using
Weibull parameter Fractal parameter

Fig 12 (c) Segmented image using Fractal

Fig 12(b) Segmented image using Weibull parameter

Fig 12(a) Satellite image2 parameter
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4. CONCLUSION

The segmentation of SAR and optical images using Weibull
and Fractal parameters with varying window size and
different number of classes is studied in this paper. The
segmentation results were found to be good for optical images
and SAR images with Weibull parameter based segmentation
and smaller window size. For the Fractal parameter based
segmentation, the results were good with larger window size.
The study also shows that segmented output varies with the
number of classes. The features were segmented using
clustering method to identify regions with similar
characteristics.
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