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Abstract
In this paper, a novel descriptive feature extraction method for 
Synthetic Aperture Radar (SAR) images is proposed. The new 
method is based on the Gabor wavelet. This novel   Gabor   wavelet 
method by testing over the  MSTAR   image database. The extracted 
features are classified using Neural Network. The classification   
process has the following stages (1) Image preprocessing (median 
filtering, histogram equalization, binarization) (2) Feature 
extraction using Gabor Wavelet Transform. The algorithm has 
been applied for the three classes of military manmade objects 
(metal objects) in SAR imagery is using MSTAR public release 
database. Experimental results are presented.

Keywords
Preprocessing, Gabor wavelet, Feature Extraction, Man-made 
Object.

I. Introduction
Automatic recognition and classification of man-made objects 
in Synthetic Aperture Radar (SAR) images have been an active 
research area because SAR sensors can produce images of the 
scenes in all weather conditions at any time of day and night that 
are not possible with infrared or optical sensors [1]. There are 
many areas of application where the recognition of a target or 
texture in SAR images is important including military combat 
identification, meteorological observation, battlefield surveillance, 
mining and oceanography [2, 3]. A typical and complete Automatic 
Target Recognition (ATR)  system includes five stages: detection, 
discrimination, classification, recognition, and identification [3]. 
In some systems, only some of the above stages are available. In 
general, the SAR ATR system fulfills three functions: detection, 
discrimination and classification. In this paper, the novel feature 
extraction method based on Gabor wavelet from SAR images is 
proposed. The rest of this paper is organized as follows. In Section 
II, Image Preprocessing is described. In Section III, the proposed 
Gabor wavelet for feature extraction is explained. Section IV gives 
the experimental results, followed by Section V which gives the 
conclusions.

II. Proposedmethodology 
The algorithm involves two stages. They are Pre-processing and 
feature extraction. Preprocessing includes the median filtering, 
histogram equalization, and binaraization. The SAR image feature 
extraction process as shown in fig. 1.

Fig. 1: SAR image Feature Extraction process

A. Median filtering
The data drop-out noise commonly referred to as intensity spikes, 
speckle or salt and pepper noise. Here, we add the salt and pepper 
noise. The corrupted pixels are either set to the maximum value 
(which looks like snow in the image) or have single bits flipped 
over as shown in fig. 2. In some cases, single pixels are set 
alternatively to zero or to the maximum value, giving the image a 
`salt and pepper’ like appearance. Unaffected pixels always remain 
unchanged. The noise is usually quantified by the percentage of 
pixels which are corrupted.
The median filter is normally used to reduce noise in an image, 
somewhat like the mean filter. However, it often does a better 
job than the mean filter of preserving useful detail in the image. 
Like the mean filter, the median filter considers each pixel in 
the image in turn and looks at its nearby neighbors to decide 
whether or not it is representative of its surroundings. Instead of 
simply replacing the pixel value with the mean of neighboring 
pixel values, it replaces it with the median of those values. The 
median is calculated by first sorting all the pixel values from the 
surrounding neighborhood into numerical order and then replacing 
the pixel being considered with the middle pixel value. (If the 
neighborhood under consideration contains an even number of 
pixels, the average of the two middle pixel values is used.)

B. Histogram equalization
This method usually increases the global contrast of many images, 
especially when the usable data of the image is represented by close 
contrast values. Through this adjustment, the intensities can be 
better distributed on the histogram. This allows for areas of lower 
local contrast to gain a higher contrast. Histogram equalization 
accomplishes this by effectively spreading out the most frequent 
intensity values. The method is useful in images with backgrounds 
and foregrounds that are both bright or both dark.

C. Binarization
Binarization  method of binarizing an image by extracting lightness 
(brightness, density) as a feature amount from the image. When 
a pixel is selected in an image, a sensitivity is added to and/or 
subtracted from the value concerning the Y value of the selected 
pixel to set a threshold value range. Next, when another pixel is 
selected, the sensitivity is added to or subtracted from the value 
concerning the Y value of the selected pixel and a new threshold 
value range is set containing the calculation result and the already 
setup threshold value range. The pixel with the value concerning 
the Y value of any pixel in the image within the threshold value 
range is extracted as the same brightness as the selected pixel and 
the extraction result is displayed. 

III. Feature Selection Using Gabor Filter
The feature selection is based on the Two-Dimensional Gabor 
Filters (2D GF). A distinct advantage of the Gabor functions is 
their optimality in the space–spatial-frequency planes, providing 
the smallest possible pieces of information about time-frequency 
events (Gabor, 1946). In the spatial domain, a 2D GWF is defined 
as a complex sinusoidal plane wave function modulated by a 
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Gaussian
 ψ (x, y) = e−(α 2x’2 +β 2 y’2 )e j2πfx’
 x’= x cosθ + y sinθ,
 y’= −xsinθ + y cosθ,
while the 2D GF is represented in the frequency domain by a 
Gaussian centered at the point (fcosθ, fsinθ). where f is the central 
frequency of the sinusoidal plane wave, θ is the anti-clockwise 
rotation of the Gaussian and the plane wave, and α and β are 
the sharpness values of the major and minor axes of the elliptic 
Gaussian. The response of the above 2D Gabor filter for an image 
ξ(x,y) can be calculated via the convolution.
 resp ξ (x, y) = ψ (x, y)  *ξ (x, y) 
For the M frequencies of interest and the N orientations of the 
desired angular discrimination, one can construct a set of M x 
N 2D Gabor filters. For each filter of indices {(i,j) 0 ≤I ≤ M-1; 
0 ≤ j≤N-1}, one computes the filter response G = resp(x, y; fi 
,θ j ) }, 0 ≤ x,y ≤ P-1. Then, one computes the following three 
statistical parameters :mean, variance and skewness (measure of 
the asymmetry of the data around the sample mean) of response 
magnitudes for the square central zone of P x P pixels. Hence, we 
have a vector of 3 MN features, which is led to the classification 
processing stage. Here we take the number of orientation as 4 and 
the scale as 3.The MN value as 12. The  outputs of Gabor wavelets 
at three scales and four orientations are shown in fig 2. 

 

     (a)
Fig. 2: Outputs of Gabor wavelets at three scales and four 
orientations. (h) Real  part of the transform outputs and (b)  
magnitude of the transform outputs

 

             (b)

IV. Experimental Result

A. Dataset
In this paper, MSTAR SAR image database is used [9] . The 
algorithm is tested with MatlabR10.b. We validate the proposed  
system on the MSTAR public release database . Here, the task 
is to classify three distinct types of ground vehicles:BTR70, 
BMP2, and T72. There are seven serial numbers (i.e., seven target 
configurations) for the three target types: one BTR70 (sn-c71), 
three BMP2s(sn-9596, sn-9566, and sn-c21), and three T72s(sn-
132, sn-812, and sn-s7). For each serial number, the training and 
test sets are provided, with the target signatures at the depression 
angles 17˚ and 15˚,respectively. The sizes of the training and test 

datasets are given in Table 1. The targets which refer to man-made 
(metal) objects in this work are BMP-2, BTR-70 armored personal 
carriers and T-72 main battle tank. The clutter refers to the natural 
background and man-made objects other than the targets. The fig. 
3, fig. 4, fig. 5, shows the sar image preprocessing.

Table 1: SAR database
Type Serial Number     Size                                
BTR70 sn-c71                     233

BMP2

sn-9563                   233 
sn-9566                   232
sn-c21                     233 

T72

sn-132                     232 
sn-812                     231 
sn-s7                        228 

 

  (a)
 

  (b)
Fig. 3: Image Preprocessing (a). BMP2 (Tank,320°) 
(b). BTR70 (Tank,90°) (original Image ,Salt and pepper Noise, 
Median Filtered)
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Fig 4: (a). Before Histogram Equalization T72 (Armored car) 
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Fig. 4: (b). After  Histogram Equalization

    
Fig. 5: Image Binarization (a). BMP2 (Tank, 320°) (b). BTR70 
(Tank,90°) 
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V. Conclusion
The algorithm is developed in Matlab-R10b, and it is tested with 
the database of MSTAR images. A novel method of extracting 
descriptive feature parameters from the Gabor wavelet of a SAR 
image is presented. An important feature of the GW feature 
extraction is that it is invariant to the amplitude changes and 
rotational variations to some extent. It is experimentally observed 
that the proposed  feature extraction method provides better results 
in terms of the accuracy and processing time  in the MSTAR 
SAR image. The initial tests to classify the MSTAR targets(BTR-
70, BMP-2 and T-72 military targets) using Gabor wavelet give 
motivating results.
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