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ABSTRACT 
The Synthetic Aperture Radar (SAR) imagery has become a significant and important application over the optical satellite imagery 
because of its ability to operate in any weather conditions. Due to the coherent nature of the scattering phenomenon, synthetic 
aperture radar (SAR) images are inherently affected by multiplicative speckle noise, which makes despeckling always a 
fundamental problem in SAR image processing. This paper propose wavelet based algorithm for speckle reduction, which uses 
combination of Non-decimated wavelet transformation and Savitzky Golay filter. Brute force thresholding has been used, to select 
the value of threshold for each candidate . Experimental results shows that the proposed method achieves better performance in 
terms of peak signal-to-noise ratio and mean square error. 

 
KEYWORDS: Synthetic  Aperture Radar Image, Non-decimated wavelet transform, Savitzky Golay filter, Brute force 
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INTRODUCTION 

 

Remote Sensing images are one of the most effective way to monitor the earth surface in order to have an 

understand and constant update regarding the evolution of the natural phenomena. Particularly relevant among 

remote sensors for data acquisition, are the Synthetic Aperture Radars (SAR). SAR is an active coherent sensor 

which stimulates the scene of interest through electromagnetic waves reproducing it by recording the 

backscattered signal; such a signal is thus managed by the SAR system up to the imaging processing, in order to 

obtain the image.  

The interesting feature of SAR when compared with other sensors such as the optical one, is its microwave 

nature. This property offers the advantage of working with all SAR imaging, due to its powerful imaging 

capability in all weather conditions, day and night, sunny and cloudy, has become more and more popular in our 

daily lives and in military tasks. It has various applications such as remote sensing, resource monitoring, 

navigation, mapping, search and rescue, mine detection, surface surveillance and automatic target recognition 

[1]. Interpretation and analysis of SAR images is very difficult because of presence of Speckle. Speckle noise is 

a granular disturbance that affects the observed reflectivity.  It is as a multiplicative noise and it is nonlinear[3]. . 

The presence of speckle affects radiometric resolution and makes it difficult for human interpretation. It is 

mandatory to remove speckle from SAR images, for performing better post processing operations on SAR 
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images and for effective human interpretation too. Despeckling in SAR images is for preserving  all texture 

features efficiently.  

Speckle noise removal helps in Automatic Target Recognition, which involves detection and classification 

of SAR image. The major despeckling technique consists of filtering based methods in spatial domain and  

transform domain. Mean and median filter does not smoothens the edges and fine details. The lee and kuan 

filters are multiplicative models formed by a linear combination of local mean and observed pixel[4],[6]. These 

filters uses minimum mean square error (MMSE) criterion for despeckling of SAR image. Bilateral filtering has 

been provide better result for despeckling[11] and identified  sophisticated and promising Maximum A Posterior 

(MAP) approaches [5]. Probablisitic patch based and MAP filters removes noise only for uniform area without 

edges and blurring occurs if the window size increases beyond 3x3. The emergence of wavelet transform opened 

the way to a new generation of despeckling techniques. There were intensive studies of wavelet based 

despeckling approaches,[9], [10]. This paper proposed the non-decimated wavelet based method with Savitzky 

Golay and an adaptive filter,which provides the better result of despeckling.  

In this paper examined about the speckle noise model, the proposed NDWT algorithm for speckle 

suppression in SAR imagery  and results and discussion of proposed methodology. 

 

Speckle Noise Model: 

In general there are two basic types of noise such as additive and multiplicative. The additive noise is 

systematic, easily modeled and can be removed easily with lesser efforts. Whereas multiplicative noise such as 

speckle suppression is difficult. It arises from random variations in the strength of the backscattered waves from 

objects and seen mostly in RADAR and ultrasound imaging. It could be modeled as signal dependent noise 

given by 

yyyy nxxZ .                                          (1) 

where Zy and xy denote pixel gray levels of the observed and true images respectively and ny noise term 

independent of xy. 

The signal dependent noise model helps us to smooth the image in homogeneous region where the signal is 

assumed to be constant. The local variance to mean ratio is given by 

 /2                                                                             (2) 

 

The local variance to noise ratio decides whether the processed pixel is within the homogeneous region or 

not. If the local variance to noise ratio is larger than the speckle, that corresponding pixel is considered as 

resolvable object otherwise it is considered to be in homogeneous region and subjected to smoothing. 

 

Proposed Methodology: 

The proposed method consists of nondecimated wavelet transform with Savitzky Golay and wiener filter. 

Thresholding is performed using Brute force thresholding and Directional smoothing is employed to smoothen 

the edges.The pipeline of the proposed method as shown in figure1. 

 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Pipeline of the proposed method 
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Pipeline of the proposed method has been explained in below algorithm1. The proposed algorithm for 

speckle suppression given better results than the various filters.  

 

Algorithm1: 

1. Let us assume that A is the original speckled SAR image. B is the Savitzky Golay filtered SAR image 

of A and C is the wiener filtered SAR image of A  

2.  Decompose the images A, B and C into wavelet sub bands using non-decimated wavelet 

transformation such as horizontal detail, vertical detail and diagonal detail sub bands respectively. And consider 

two level Decomposition. 

3. Select the threshold value using Brute force thresholding. 

4. Apply the directional smoothing to each detail sub band to smoothen the image. 

5. Reconstruct an image from the processed sub bands by using inverse non-decimated wavelet 

transformation. 

6. Save the results of each iteration in an array.  

7. Return to step 2 until loop completed 

8. Execute the entire algorithm and get the best results for despeckling of SAR images. 

 

A. Savitzky Golay Filter: 

The Savitzky-Golay smoothing filter was employed for smoothing the image and for computing the 

numerical derivatives. The smoothing points are found by replacing each data point in the image  with the value 

of its fitted polynomial. The Savitzky-Golay finds the coefficients of the polynomial which are linear with 

respect to the data values. The size of the smoothing window is given as NxN, where N is odd, and the order of 

the polynomial to fit is to k, where N>k+1. Savitzky Golay Filter has been explained in below algorithm2. 

 

Algorithm2: 

• The image is split and divided into blocks of equal size. The basis for Savitzky Golay filters are 

polynomial values. 

• A block of data is then taken and multiplied with the projection matrix to get the smoothened 

coefficient value. 

• The data is shifted one sample to the right and then multiplied with the projection matrix to get the 

second approximated value.  

• The same procedure is repeated for the entire size of an image. 

• For each approximation the middle value is replaced with the original image value at the same position. 

Zero padding is done in order to obtain the convolved output which should be of the same size of the input 

image. 

• The second order partial derivatives are taken along vertical, horizontal and diagonal directions 

respectively and thus the smoothened image is obtained. 

 

B. Brute Force Thresholding: 

Brute force thresholding always outclass other existing thresholding like hard, soft thresholding  techniques 

in terms of better results. Algorithm for brute force thresholding is given  

• Input wavelet sub band.  

•  Find maximum (max) and minimum (min) value of sub band coefficients.  

• loop through (threshold=min to max) and execute desired algorithm  

• Save the results in array for each loop such that   F=[threshold,result]  

• When loop completed, select the (threshold) that gives best result.  

 

C.  Directional Smoothing: 

 Directional smoothing filter is used to protect edges . The algorithm is given below: 

• Select mask of size 3×3 or  5×5 or 7×7  

• Take the average of pixels of each direction as shown in Fig. 1 and store in array v(n) where n =4     
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1

)( jnimx
R
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                             (3) 

• Find A1(n) such that 

)()(()(1 crynaabsNA                      (4) 

where y(r-c) is central pixel of mask. 

• Find index of A1(n) that gives minimum value such that 

))(1min( nAindex                                     (5) 
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• Replace the pixel value of y(r-c) by A(index) 

• Repeat the whole procedure until whole image is scanned by mask.  

 

RESULTS AND DISCUSSIONS 

 

The dataset taken for carrying experimental results is taken from Quick Bird database. We compare the 

proposed technique with the state-of-the-art despeckling algorithms: Lee, Frost, Kaun, Kalman, GammaMap, 

DWT, Curvelet and Bilateral Filtering Algorithms. Figure1 explained about results obtained after applying 

various existing filters, figure2 explained the results of the proposed method and table1 represents the 

comparison of PSNR, MSE and elapsed time of various despeckling filters.  

The performance of the proposed algorithm is quantified by the Peak Signal-to-Noise Ratio and the Mean 

Square Error. The MSE represents the cumulative squared error between the denoised and the original image, 

whereas PSNR represents a measure of the peak error The formula for PSNR is given as, 

 

PSNR = 10 log10│x│2max/MSE                (6) 

 

where │x│2max is the maximum value admitted by the data format and 

The mean square error, 

MSE = [x(n) − ˆx(n)]2                             (7) 

is computed as a spatial average , with x and ˆx being the original and denoised images, respectively. 

A.Figures and Tables: 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: (a) Original Image (b) after applying variance of 0.1 (c) after applying lee filter (d) after applying 

bilateral filter (e) after applying kaun filter (f) after applying kalman filter (f) after applying gamma 

filter (g) after applying dwt 
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Fig. 3: (a) Original Image (b) after applying variance0.1 (c) after applying Savitzky Golay filter (d) after 

applying wiener filter  (e)output image 

 
Table 1: shows the comparison of PSNR, MSE and computational time . 

Various filters PSNR MSE Elapsed time 

Lee 19.441 0.0524 5.940409s 

Frost 24.0057 0.0608 4.018503s 

Kaun 17.8053 0.0567 8.197155s 

Kalman 17.8256  8.085465s 

Gamma map 17.4284 0.0758 2.885722s 

DWT 18.3883 0.0636 5.535614s 

Curvlet 23.1693  2.016911s 

Bilateral 20.8595 0.0630 1.189185s 

Proposed method 63.8932 0.026558 16.703815s 

 

Conclusion: 

This paper proposed an efficient despeckling algorithm for SAR image. Experimental result shows that the 

proposed method based on  non-decimated wavelet transform, Savitzky Golay filter and wiener filter achieves 

better performance in terms of  peak signal-to-noise ratio, and mean square error. The peak signal to noise ratio 

value of the proposed algorithm is high and mean square error value is low compared to other existing 

despeckling algorithms which provided stronger speckle suppression and better visual quality.  
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