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Abstract
Classification of SAR images has extensive applications in 
national economy and military field. The SAR images, totally 
different from optical images, i.e. photographs, and their visual 
interpretation is not straightforward. Therefore, there is need 
to devise novel strategies for classification of SAR images. In 
this paper a novel methodology has been carried out to classify 
SAR images by using the Adaptive Thresholding Technique. This 
technique composes of three main processes: firstly, selecting 
training samples i.e. mean value for every region in the SAR 
image. Secondly, training these samples using 5X5 window, 
and obtain variance of every region. Finally, the classification 
of SAR image with respect to group frequency i.e. generated 
automatically.
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I. Introduction
An analyst attempts to classify features in an SAR image by using 
the elements of visual interpretation to identify homogeneous 
groups of pixels that represents various features or land 
cover classes of interest. Environmental monitoring, earth-
resource mapping, and military systems necessitate broad-area 
imaging at high resolutions. Many times the imagery must 
be obtained in inclement weather or during night as well as 
day. Synthetic Aperture Radar (SAR) grants such a capability. 
SAR systems take advantage of the long-range propagation 
characteristics of radar signals and the complex information 
processing capability of modern digital electronics to provide 
high resolution imagery.
The principle of aperture synthesis is storing successive 
echoes obtained from radar carried by a moving platform, 
and processing them to synthesize a long aperture, thereby 
achieving high-resolution images. 
Synthetic Aperture Radar (SAR) image classification is becoming 
more and more increasingly important in military or scientific 
research. Classification methods based on thresholding of gray 
levels are generally inefficient when applied to speckled images, 
due to the high degree of overlap between the distributions of 
the different classes.
Both visual elucidation and involuntary analysis of data from 
imaging radars are complicated by a fading effect, which 
manifests itself as a strong granularity in detected images 
(amplitude or intensity). For example, simple classification 
methods based on change of inefficient when applied to 
speckled images, due to the high degree of overlap between 
the distributions of the different classes.
Classical methods of SAR images occupy convolving the image 
with an operator i.e. filter, which is constructed to be sensitive 
to large gradients in the SAR image while returning values of 
zero in uniform regions.
During the past years, different methods were in use for 
classification of synthetic aperture radar (SAR) data, based on 
the Maximum Likelihood (ML) [1], artificial Neural Networks (NN)

[2,3], fuzzy methods [4] or other approaches. The NN classifier 
depends only on the training data and the discrimination 
power of the features. Fukuda and Hirosawa [5] proposed the 
wavelet-based texture feature sets for classification of multi 
frequency polar metric SAR images. So the Classification 
accuracy depends on quality of features and the employed 
classification algorithm.
In this paper the methodology will be proposed a very simple 
and less complexive where we also have followed the gradient 
approach for classification based on histogram and proposed 
a five order mask to convolute the image which not only find 
the gradient of the SAR image but also reduced the noises by 
giving the maximum values at the center of the original signal. 
After obtaining the gradient of each pixel we have generated 
the threshold value dynamically region wise. Then the points 
whose histogram pick value is greater than the threshold those 
points are considered as class.

II. Proposed Methodology
Since the abrupt changes in intensity pixel value indicates 
class, its detection in binary or segmented image is quite 
straightforward. However, the process of class is less complex 
in the case of SAR images.
As an initial approximation, the number of segments is pre-
defined as N, and as many different, equally spaced mean 
values are obtained based on the maximum and minimum gray 
level values in the image, as given in the following equation 
µ=(i*p)+min,                  1
Where, µ, is the mean of the ith class, 
p=( max-min)/(n-1)                 2
max is the maximum gray level intensity value, and min is the 
minimum gray level intensity value. Each of the pixel values 
in the image is now assigned to the bin of the corresponding 
class based on their distance from the mean value of each 
class. As a measure to identify the distance, the linear distance 
is calculated as
dist =Ix,y -µ                  3
Where Ix,y, is the pixel intensity at the location (x,y).

A. Mean 
The statistical mean gives us the average value of all the pixels 
for a particular feature. Mathematically, the statistical mean 
of a set of variables is expressed as
µ= ( ) ( )ij ijw p w 4− − − − − − − − − − − −∑                 4
The summation is carried out over all the gray level values in 
the set. It is important to notice that, even though the mean 
gives a good estimate of the characteristics of a feature, it 
might not give a good representation of the damage or change 
in the region. 

B. Variance
Variance is the second moment of a matrix and is a measure 
of gray-level contrast that can be used to establish descriptors 
of relative smoothness. Mathematically, it is defined as the 
mean of squares of differences between respective samples 
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(gray-level intensities) and their mean and is expressed as

δ2= ( ) ( )
2

ijW  
5

µ
n
−

− − − − − − − − − − − −∑                  5

Where δ2 the variance or square of the standard deviation, 
and n is the number of samples in the region. An estimate of 
the difference in the variance values of the region between 
the predicator and post-disaster images is an indication of 
the level of change. 
In our methodology first we have convolute the image with a five 
order mask according to the X and Y direction respectively to 
obtain the gradient of each points. Then the ultimate gradient 
is obtained by the following formula:
∆f(x,y) = [ GX  GY ] = [ ∆f/∆x   ∆f/∆y ]                6
The weight of the vector is:
∆f(x,y) = mag(∆f(x,y)) =√(G2X+G2Y )               7
Gradients of points give the maximum location at the center 
of the original signal thus removing the noises from SAR 
images.
Then the gradient of the pixels is calculated as:

( )
5/2 5/2

5/2 5/2

1G , j ( , )* ( , ) (8)
15 k h

i M i j I i h j k
=− =−

= − − − −∑ ∑
               8

Where * indicates a discrete convolution, M is the 5X5 mask, 
and I(i; j) is a hXk SAR image.

C. Adaptive Thresholding
Image classification based on thresholding is a greedy technique 
because it classifies pixels into two categories.
Category1: Pixels whose values fall below the threshold.
Category2: Pixels whose values are equal or exceed the 
threshold.
If T is a threshold value, then any pixel (x, y) for which f(x; y) ≥ T 
is called a class point. For thresholding we compute adaptive 
threshold of local intensity variations as:
1. First the overall mean value of the SAR image is calculated. 
So the pixels having lower class strength than this mean value 
are already discarded.

1 1

1 1

11 ( , ) (9)
9 k h

T G i h j K
=− =−

= + + − − −∑ ∑
               9

Threshold1 = mean (G).
2. Then a 3 X 3 window is splits over the SAR image   
where the mean and variance of the SAR image within this 
window are calculated.

             10
Then taking the sum of this mean value and standard deviation 
and this is considered as the threshold value of that pixel. Now 
if the gradient of this image exceeds this threshold then the 
pixel is treated as a class.
At last this mean and standard deviation is summing up to 
generate the ultimate threshold for the candidate pixel,
T=T1+δ.                 11
In this way threshold value is generated dynamically and region 
wise for each pixels so that the possibility of data loss or noise 
is quite reduced.
If the pixel value is greater than or equal to this adaptive 
threshold then only the pixel is treated as class otherwise it 
is discarded.

III. Proposed Algorithm
Input: SAR Images of variable size.
 Output: Classification of SAR image.

Start1. 
Taken a SAR images2. 
Consider a 3X3 window3. 
calculate the mean, variance of that SAR Images4. 
Classification is obtained using adaptive threshold 5. 
change
Stop6. 

IV. Experiment Results
In this thesis work, we have considered synthetic aperture 
radar images. The SAR images are classified by using Adaptive 
Thresholding Technique.
The fig. (fig. 1 to fig 2) shows the original SAR images and 
corresponding histograms and the fig (fig. 1(a) to fig .2(a)) shows 
the histograms of classified SAR images.

Fig. 1: SAR image1 and Histogram

If we taking the pick values we get the no. of class are 4.
After using our methodology we get the Histogram given 
below: 

Fig. 1(a): Classified Histogram

If we taking the pick values we get the no. of class are 9.

Fig. 2: SAR image2 and Histogram

If we taking the pick values we get the no. of class are 3.
After using our methodology we get the Histogram given 
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below: 

Fig. 2(a): Classified Histogram

If we taking the pick values we get the no. of class are 8.

Table 1 :Class Table of SAR images

SAR
IMAGE

CLASS BASED ON
NORMAL 
HISTOGRAM

ADAPTIVE 
HISTOGRAM

Image 1 4 9
Image 2 3 8

V. Conclusion and Discussion
In this paper a novel algorithm based on the Adaptive 
Thresholding Technique, was designed for SAR images 
classification. The new algorithm is successfully applied for 
classification of SAR images. In terms of image classification 
accuracy evaluation, attention was mainly focused on subjective 
methods of evaluation. This technique based on considering a 
3X3 window and calculates the mean and variance of that SAR 
Images. For this reason, our algorithm did not make mistakes; 
that is, a segmented image very different to get the originality 
of the SAR images. This may be extended to the color image 
segmentation. 
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