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ABSTRACT 

SAR images are corrupted by speckle noise which is based on 

multiplicative noise or Reyleigh noise. The speckle degrades 

the quality of image and makes interpretations, analysis and 

classifications of SAR images harder. Therefore some speckle 

mitigation is necessary prior to the processing of SAR images. 

In this paper a new method is proposed for despeckling of 

SAR images in which Savitzky-Golay filter and median filter   

are used for denoising of the synthetic aperature radar (SAR) 

image. After obtaining filtered image they are decomposed by 

the use of undecimated wavelet transform. The speckled input 

image is also decomposed using undecimated wavelet 

transform. Then image segmentation is done by the use of 

brute force thresholding wavelet based algorithm in which 

each pixel of the entire decomposed image is compared and 

the maximum value of threshold image pixel is replaced in 

every iteration of image processing. Lastly enhanced 

directional smoothing of the image is done to obtain a 

despeckled image 

General Terms 

Undecimated Wavelet Transform, SAR, Savitzky-Golay filter, 

median filter, direction dependent mask, Directional 

Smoothing. 

1. INTRODUCTION 
Synthetic aperture radar (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. But SAR images are 

corrupted by speckle noise due to random interference of 

electromagnetic signals. The speckle degrades the quality of 

the images and makes interpretations, analysis and 

classifications of SAR images harder. Thus speckle noise 

should be removed before applying any image processing 

techniques. Speckle reduction usually consists of three stages. 

First stage is to transform the noisy image to a new space 

(frequency domain). Second stage is the manipulation of 

coefficients. Third is to transform the resultant coefficients 

back to the original space (spatial domain)[1]. 

In wavelet sub bands noise is present in small coefficients and 

important feature details are present in large coefficients. If 

removal of small coefficient is done, we can get a noise free 

image. Therefore in recent years wavelet based speckle 

reduction is becoming a field of interest among researchers 

for multi resolution decomposition and analysis of image. 

Many algorithms have been developed for de-speckling, 

including the Lee filter [2], the Frost filter [3], the Gamma 

MAP filter [4], and their variations [5]. These standard filters 

usually perform well in despeckling; however, they typically 

exhibit limitations in preserving sharp features and/or details 

of the original image [6]. Thus to preserve edges enhanced 

directional smoothing is applied. 

Earlier for reduction of speckle researchers use discrete 

wavelet transformation [1][4][5][7][8][9].But drawback of 

DWT is that it is translation variant[10]. Some important 

coefficients can be lost during transformation from original 

signal to sub bands. Thus to save coefficients undecimated 

wavelet transform (UDWT) or commonly known as non-

decimated wavelet transform (NDWT) is used. Basic idea of 

undecimated wavelet transform is to fill in the gaps caused by 

decimation step in DWT. UDWT leads to an over-determined 

and redundant representation of the original data. Whether 

discrete or undecimated wavelet is used, we need to take care 

for selecting optimal thresholding. 

Many thresholding techniques are used by researchers  such 

as hard, soft, VisuShrink, SureShrink, OracleShrink, 

NormalShrink, BayesShrink, Thresholding Neural Network 

(TNN) etc. [11]-[15].But there are some draw backs of using 

those thresholds as shown in [16]. Thus we are using brute 

force thresholding which gives best results as compared to 

above threshold techniques. 

2. BASIC PRINCIPLES OF SPECKLE 

THEORY AND FILTERING 

TECHNIQUE 

2.1 Speckle Model  
A realistic model for explaining a SAR image to simply 

measuring a patch of homogenous area in SAR image can be 

expressed as  

                       I(x, y) = R(x, y). S(x, y)                                 (1) 

                                                                               

Where (x, y) are the spatial range and azimuth co-ordinates of 

the resolution 

I(x, y) is the intensity of SAR image i.e. degraded pixel of 

observed image 

R(x, y) is the random process of unspeckled radiance i.e. 

noiseless image pixel 
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S(x, y) is model as speckle noise having stationary random 

process with unit mean and variance proportional to effective 

number of looks N. 

2.2 Speckle Reduction Techniques 
The speckle reduction techniques can be classified into two 

categories i.e. pre-processing and post processing. In this 

paper both type of reduction techniques are used. For 

preprocess median filter and Savitzky-Golay filter are used 

whereas for post processing enhanced directional 

smoothening is done to the image. 

2.2.1 Preprocess 

Median filter preserve discontinuities in a step function and 

smooth a few pixels whose values differ significantly from the 

surrounding, without affecting the other pixels. Median of a 

discrete sequence of size N(odd) is the member of the 

sequence for which (N-1)/2 elements are smaller or equal in 

value and (N-1)/2 are equal or larger in value[19]  

Savitzky-Golay smoothing filters are used to smooth out a 

noisy signal whose frequency span (without noise) is large. 

This filter perform much better than standard averaging FIR 

filters, which tend to filter out a significant portion of the 

signal's high frequency content along with the noise. 

Savitzky-Golay filters are more effective at preserving the 

pertinent high frequency components of the signal. Savitzky-

Golay filter minimize the least-squares error by fitting a 

polynomial to frames of noisy data. Least squares smoothing 

reduces noise while maintaining the height and shape of 

waveform peaks [17] 

2.2.2 Postprocess 

To protect the edges from blurring we apply enhanced 

directional smoothing to the processed despeckled image. 

Directional smoothing chooses neighbourhood with smallest 

variance and replace pixel value with the average of that 

neighbourhood. The EDS filter has a speckle reduction 

approach that performs spatial filtering in a square-moving 

window know as kernel. The EDS filtering is based on the 

statistical relationship between the central pixel and its 

surround-ding pixels. EDS performs the filtering based on 

either local statistical data given in the filter window to 

determine the noise variance within the filter window, or 

estimating the local noise variance using the effective 

equivalent number of looks (ENL) of a SAR image. The 

estimated noise variance is then used to determine the amount 

of smoothing needed for each speckle image. The noise 

variance determined from the local filter window is more 

applicable if the intensity of an area is constant or flat while 

ENL is suitable if there are difficulties determining if an area 

of the image is flat[18] 

2.3 Proposed Methodology 
The speckled image at every decomposition level is 

decomposed into wavelet sub bands LL, LH, HL, HH i.e 

approximation, vertical, horizontal, diagonal details of image 

respectively (20). The next level is applied to low frequency 

approximation subband i.e. approximation subband. 

Denoising is done only on detail wavelet sub bands i.e. 

horizontal, vertical and diagonal. Maximum and minimum 

value of sub band coefficient through loop is found. Desired 

algorithm is executed and results are saved in array for each 

loop. Lesser number of elements in array, lesser computation 

required. This array is formed only of existing wavelet values 

present in specific region of wavelet transformed image. 

Coefficients of image are considered as threshold value. 

When loop is completed, comparing the values optimal 

threshold is selected which gives the best result. 

LL3 LH3 

LH2 

LH1 
HL3 HH3 

HL2 HH2 

 

HL1 

 

 

HH1 

Fig 1. Level 3 decomposition of image 

The steps for the algorithm are as follows: 

 Assuming A as the original speckled SAR image. B 

is the Savitzky Golay filtered SAR image of A and 

C is the median  filtered SAR image of A  

 Decompose the images A, B and C into wavelet sub 

bands S(ϵ)
i, A

, S(ϵ)
i, B

 and S(ϵ)
i,C

 using undecimated 

wavelet transformation. Where (i) is decomposition 

level and (∈) denotes the detail sub bands such as 

horizontal detail, vertical detail and diagonal detail 

sub bands respectively. Decomposition up to level 3 

is enough.   

 Process each level of detail images of A by the 

following steps  

1) Find minimum (min) and maximum (max) value 

of coefficients of each detail sub band at each level. 

2) Loop (threshold = min to max) for each detail sub 

band at each level. 

3)Determine whether each pixel of S(ϵ)
i, A

 is High 

level or Low level. If (pixel < threshold) then it is 

low    level otherwise pixel is high level 

4) If pixel is low level then replace the value of pixel     

of S(ϵ)
i, A  by corresponding pixel value of S(ϵ)i,C

 

5) To determine whether there exists edges around 

the pixels that are classified as high level pixels, a 

direction dependent mask is used. If the dark 

portion of mask or window contains at least one 

high level pixel, then keep the original value of 

pixel intact else replace the value of pixel of  S(ϵ)
i, A 

by corresponding pixel value of S(ϵ)i,B  

6) Apply the directional smoothing to each detail 

sub band at each level S(ϵ)
i, A 

7) Reconstruct an image from the processed sub 

bands of S(ϵ)
i, A

 by using inverse undecimated 

wavelet   transformation. 

8) Save the results of each iteration in an array such   

as F= [threshold, result]. 

9) Return to step 2 until loop completed. Select the 

threshold value that gives best result and use that 

threshold for classification of high level pixels and 

low level pixels. 
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Fig 2. Flow Chart  
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Fig.3  Detailed Flow Chart Of Proposed Algorithm. 
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3. EXPERIMENTAL RESULTS 

The performance evaluation of proposed algorithm is obtained 

by statistical method like MSE and PSNR. The MSE should 

be of less value for a better filtering algorithm. The PSNR 

value must be high for a better filtering algorithm. 

3.1 Mean Square Error (MSE)  

MSE indicates average square difference of the pixels 

throughout the image between the original image (speckled) 

g(x,y) and Despeckled image f(x,y). A lower MSE means that 

there is a significant filter performance. But small MSE values 

did not always correspond to good visual quality. 

MSE =   1   ΣΣ[g(x,y) – f(x,y)]
2          

(2)  
   
               

 MN  

Where  MxN is the size of the image. 

3.2 Peak Signal To Noise Ratio (PSNR) 

 PSNR is used to give a quantitative evaluation. It is 

calculated between the original image and the noisy image. A 

higher PSNR would normally indicate that the reconstruction 

is of higher quality. PSNR is usually calculated as 

        PSNR = 10 log10 (255
2/ MSE )        (3) 

Table1.WAVELET BASED DENOISING PERFORMANCE 

Wavelet PSNR MSE 

DB1 26.3968 149.0735 

DB2 26.3968 149.0734 
  

Table2.  PERFORMANCE COMPARISION 

Filter PSNR MSE 

Savitzky Golay filter 26.3968 149.0733 

Wiener filter 25.5523 181.0727 

 

 

 

Fig.4(a)  Denoising SAR Using Wavelet Db1 & Db2. 

 

Fig.4(b)  Denoising SAR Using Wiener Filter. 

 

 

Fig.4(c)  Denoising SAR Using Proposed Algorithm. 
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PSNR = 25.5523 dB  MSE = 181.0727
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Median Filtered Image De-Speckled Image
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PSNR = 26.3968 dB  MSE = 149.0733
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4. CONCLUSION 
Result shows that the proposed method for despeckling is 

better than statistical filters. Since the desired algorithm is 

processed in each pixel of every level it takes more time for 

computation when more levels are decomposed but gives 

much more clear images for image processing and its analysis. 

With the advancement of technology, processing speed of 

processors increasingly rapidly, thus slightly slow execution 

time is no longer a big issue. The proposed algorithm always 

outperforms the other existing techniques but only drawback 

is that it is slow. But we can have better computational time 

by reducing decomposition level in wavelet transform and 

number of threshold elements in array. For future work, brute 

thresholding can be combined with multi-wavelets and other 

adaptive filters to have better efficiency.   
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