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Abstract 

The project presents that noise reduction of SAR images using partial derivative type SRAD 

and LMMSE filter under transformed domain. Synthetic aperture radar (SAR) images are 

inherently affected by speckle noise, which is due to the coherent nature of the scattering 

phenomena. Even though speckle carries itself information about the illuminated area, it 

degrades the appearance of images and affects the performance of scene analysis tasks 

carried out by computer programs. It is certainly preferable to develop suitable filtering 

techniques, which reduce noise significantly but, at the same time, preserve all the relevant 

scene features, such as radiometric and textural information.  The image denoising process 

will be done under Dual tree complex wavelet transform domain. Initially noisy image pixels 

are decorrelated to obtain coarser and finer components and more noise details are 

contaminated in high frequency subbands. In order to reduce the spatial distortion during 

filtering, speckle reducing anisotropic diffusion and optimum local linear minimum mean 

square error estimator used in the DTCWT domain. An Image quality will be preserved 

because of gathering details about edges and texture at different orientations. The 

simulations shows that proposed algorithm removes the noise effectively at high noise level 

and preserves the edges without any loss, thus producing better results in terms of the mean 

square error and peak signal to noise ratio.  

 

 

 

1. INTRODUCTION 
 

Synthetic Aperture Radar (SAR) technology is mainly used to obtain high resolution 

images of ground areas in resolutions even less than meter. SAR is even capable of imaging a 

wide area of terrain and from two and more images it is possible to reconstruct a 3D digital 

elevation model of ground terrain. Good thing about SAR is an all whether operation and 

possibility to capture images under various inclination angles. Because digital images are 

usually corrupted by noise that arises from an imaging device, there is always a need for a 

good filtering algorithm to remove all disturbances, thus enabling more information 

extraction. The SAR images are corrupted by a noise called speckle, which makes the 

interpretation of SAR images very difficult. The goal of removing speckles from the SAR 
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image is to represent a noise-free image and preserve all important features of the SAR 

image, as for example edges, textures, region borders, etc. 

Synthetic aperture radar (SAR), as a coherent imaging system, is inherently suffering 

from speckle noise, which has a granular appearance and greatly impedes automatic image 

processing and visual interpretation. Although multilook averaging is a common way to 

suppress speckle noise at the cost of reduced spatial resolution, it is more favorable to 

develop suitable filtering techniques. Although classical filters, such as Lee filter, Frost filter, 

and Kuan filter , which denoise SAR images in spatial domain by recalculating the center 

pixels of the filtering windows based on the local scene heterogeneity, work well in 

stationary image area, they tend to either preserve speckle noise or erase a weak scene signal 

at heterogeneous areas, e.g., texture area, boundary, line, or point targets. In order to better 

preserve image edges, Yu and Acton in designed a speckle reduction anisotropic diffusion 

(SRAD) method which can be treated as an edge-sensitive version of the classical filters. The 

performance of the gamma MAP filter , which denoises the SAR image via maximum a 

posteriori criteria, depends highly on whether the imposed gamma distribution can accurately 

describe the SAR image. Instead of denoising in spatial domain, it has been proved more 

efficient to perform the task in transformed domain where the signal and noise are easier to 

separate. The wavelet techniques assume that noise mainly exists on the high-frequency 

wavelet components and thus can be removed by filtering the wavelet coefficients in 

transformed domain. This idea has proved great success to denoise additive white Gaussian 

noise (AWGN). To adapt wavelet for SAR denoising, many techniques adopted the 

homomorphic approach where speckle noise subject to log-transformation is treated as 

AWGN and denoised in wavelet domain by thresholding or modelling the wavelet 

coefficients. However, since the performance of denoising is very sensitive to logarithmic 

operation that tends to distort the radiometric properties of the SAR image, techniques based 

on additive signal-dependent noise (ASDN) model were developed in. 
 
 

2. LITERATURE SURVEY 
 

The aim of the speckle reduction is to suppress the speckle noise without losing the 

vital details in the image and retaining the diagnostic information. Numerous methods have 

been proposed to address the problem of speckle removal. Speckle reduction methods are 

broadly classified into two categories: Pre-processing methods like compounding techniques 

and post acquisition methods as shown in. Compounding technique combines ultrasound 

images of the same target from different scan directions (Donnell et al 1988). This can reduce 

the speckle noise at the cost of degraded spatial resolution. This method also requires a high 

speed computation that is usually done by hardware unit during image acquisition. Whereas, 

nowadays the post acquisition image enhancement techniques are widely used since it does 

not require or minimally require additional hardware and the processing can be done on 

envelope detected data or log compressed scan converted data. 

 

 

 

 

 

 

 

 

 



International Journal of Emerging Trends in Engineering and Development         Issue 5, Vol.2 (Feb.-Mar. 2015)                                                                                                    

Available online on http://www.rspublication.com/ijeted/ijeted_index.htm                                  ISSN 2249-6149 

R S. Publication (rspublication.com), rspublicationhouse@gmail.com Page 295 
 

3. BLOCK DIAGRAM 
 

 

 
 

Fig 2. Block diagram of noise reduction on SAR images 

Synthetic Aperture Radar generates images that are severely degraded by a type of 
multiplicative noise known as speckle noise. The image with speckle noise undergoes 
dimensional reduction in which number of random variables are removed using DTCWT 
which calculates the complex transform of image using two separate DWT decomposition 
that are LF and HF coefficients. HF coefficient measures edge thickness and electron density 
thereafter providing it to LMMSE filter which implement the image size accurate than the 
original size. LF coefficient is useful in recognizing and understanding the image which 
thereafter undergoes Inverse Fourier transform generating image numbers and CDF.SRAD 
filter detects edges of the image thereby restoring the original image with improved and 
enhanced quality. 
 

4. COMPARISON CRITERIA 
 

In this the usage of two of the famous wavelet transform image denoising techniques 

in the spatial video denoising namely; 2D DWT and 2D DTCWT. Both techniques were 

developed originally for image denoising and have been used in spatial video denoising. 

However, there has not been any analysis of their performance or a comparison between them 

yet. So, in this work we intend to introduce such a comparison study to facilitate the choice 

between them in the different applications. 

We will work on the spatial domain where we split the video stream into a number of 

frames (images). Then for each of these frames we apply the 2D DWT or the 2D DTCWT 

technique for denoising. We believe that even if the DTCWT denoising technique worked 

well on the image scale denoising, it may have to be studied closely to ensure its 

effectiveness on video denoising. We will concentrate on the spatial denoising in this work 

hoping to extend it to both temporal and spatio-temporal domains. Validation of the 

performance of both techniques was done by comparing their resultant video criteria and this 

was made on both gray-scale and colored test movies. The comparison between the two 

techniques will be based on the PSNR and time consumed during denoising process. 

PSNR (Peak Signal to Noise Ratio) is the most commonly used objective quality 

metric. It is a statistical measure of error, used to determine the quality of compressed 

images, mathematically equivalent to the mean squared error (MSE). This is the most 

commonly used metric of image quality used in the image and video compression literature. 

The PSNR is usually quoted in decibels, a logarithmic scale. The PSNR has a limited, 

approximate relationship with the perceived errors noticed by the human visual system. As a 
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rough rule of thumb, an image with a PSNR of 25 dB (decibels) is usually pretty poor. 

Anything below 25 dB is usually unacceptable. Perceived quality usually improves from 25 

dB to about 30 dB. Above around 30 dB images look pretty good and are often 

indistinguishable from the uncompressed original image. The human visual system appears to 

have sensitivity thresholds. This can be rigorously demonstrated in controlled experiments 

using sinusoidal gratings against black backgrounds. Because of this thresholding, once the 

PSNR exceeds some value, the errors become undetectable to human viewers.  

 

5. IMAGE DENOISING TECHNIQUES 

 

I . 2-D DISCRETE WAVELET TRANSFORM 
 

The DWT gives a multiscale representation of a signal x(n). The DWT is 

implemented by iterating the 2- channel analysis filter bank described above. Specifically, the 

DWT of a signal is obtained by recursively applying the low pass/high pass frequency 

decomposition to the low pass output as illustrated in the diagram, see Fig.3. The diagram 

illustrates a 3-scale DWT. The DWT of the signal x is the collection of sub band signals. The 

inverse DWT is obtained by iteratively applying the synthesis filter bank . 

 

 

 

 

 

Fig. 3 DWT Multi-scale representation of a signal x 

2. 2-D Dual Tree Complex WT (2D DTCWT) 
 

It has been noted that, for some applications of the discrete wavelet transform, 

improvements can be obtained by using an expansive wavelet transform in place of a 

critically-sampled one. An expansive transform is one that converts an N-point signal into M 

coefficients with M > N. There are several kinds of expansive DWTs; here we describe the 

dual-tree complex discrete wavelet transform .The DTCWT of a signal x is implemented 

using two critically-sampled DWTs in parallel on the same data, as shown in Fig.4. The 

transform is 2-times expansive because for an N-point signal it gives 2N DWT coefficients. If 

the filters in the upper and lower DWTs are the same, then no advantage is gained. However, 

if the filters are designed is a specific way, then the sub band signals of the upper DWT can 

be interpreted as the real part of a complex wavelet transform, and sub band signals of the 

lower DWT can be interpreted as the imaginary part. Equivalently, for specially designed sets 

of filters, the wavelet associated with the upper DWT can be an approximate Hilbert 

transform of the wavelet associated with the lower DWT. 
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Fig 4. The Dual-Tree complex DWT of a signal x 

 

6. TECHNIQUES TO REMOVE SPECKLE NOISE   

 

   I . SPATIAL DOMAIN FILTERING TECHNIQUES 

 

Spatial domain filtering involves the direct manipulation of pixels by using kernel 

mask or window runs over the entire image. The advantages of this method are that it is very 

good for contrast enhancement and image sharpening. The disadvantage of this technique is 

that it shifts boundaries during sharpening and only manipulates pixel and also no frequency 

information is achieved.  

Spatial domain filters such as Lee, Frost, Improved Lee-Sigma, Mean, Median, 

Gamma-MAP, Wiener, Kuan, probablisitic patch based and Kalman filters have their own 

common limitation of fixed local window size and orientation. Also usage of neighborhood 

pixel values weakens the object signal and edge information. Even though statistical filters 

are good in speckle reduction, they lose important feature details and moreover prior 

knowledge about noise statistics is required. The Lee and Kuan filters are multiplicative 

models formed by a linear combination of local mean and observed pixel. Lee and Kuan 

filters are evaluated based on performance metric of Minimum Mean Square Error criterion 

(MMSE) and is optimal when detected intensities are Gaussian distributed. The MAP filter 

can be better implemented for speckle removal in forested areas and agriculture land with 

Gamma Probability Density Function model. The Lee, probablisitic patch based and MAP 

filters could also have the limitations that include noise removal only for uniform area 

without edges and introduction of blurring which in turn results in degradation of resolution if 

the window size increases beyond 3x3.The qualitative and quantitative analyses for various 

spatial filters are described in detail considering many performance metrics. 

 

 

II . FREQUENCY DOMAIN FILTERING TECHNIQUES 

 

This domain uses manipulation of frequency and it is found to be good for periodic 

noise reduction and for image sharpening. The main drawback is that it is not suitable for 

contrast enhancement and manipulates frequency only. The following frequency domain 

filters exhibit their own merits and demerits. In order to obtain frequency, phase and 

amplitude information, it has been preferred to use Complex wavelet transform. Complex – 
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valued extension to the real wavelets and to the standard discrete wavelet transform is known 

as complex wavelet transform. There are two types; redundant and non-redundant complex 

wavelet transform. SAR image despeckling using complex wavelet transform is 

advantageous over discrete wavelet transform as they are applicable for Multi-Resolution 

Analysis (MRA) and useful for sparse representation , characterization of the structure of an 

image and it also possesses high degree of shift invariance in its magnitude, but it has a 

drawback, that it exhibits 2d (d=dimension of the signal being transformed) redundancy when 

compared to Discrete Wavelet Transform (DWT). 

Non redundant DWT for non stationary signal processing application has also got 

many drawbacks such as, no translation invariance i.e. loss of many important coefficients 

during translation from original signal to sub bands. Whether discrete or undecimated 

wavelet, the biggest problem is the selection of optimal thresholding, small noise distribution, 

mismatch at different scales, shift sensitivity, poor directionality and absence of phase 

information.Here the history behind the development in frequency domain techniques right 

from Fourier transform to curvelet complex wavelets techniques including recent 

developments have been presented.  

Earlier, Fourier transform mathematical approach was used, but the drawback in using 

Fourier transform is that it can give only time localization or frequency localization at one 

time. It is not possible to get both the information simultaneously. Later on, Short time 

Fourier transform came into practice and has the limitation of fixed window size, inability to 

change window size, Hence it is not meant for Multi Resolution Analysis. To overcome all 

these problems wavelet transform has been used since it is a powerful tool which supports 

MRA. In wavelet sub bands, noise is present in small co-efficient and feature details are 

present in large coefficients. But it also has got the drawback of shift variance and poor 

directional selectivity. It has three main steps:  

1. Calculate wavelet transform of noisy image  

2. Manipulate the wavelet coefficients  

3. Compute inverse transform  

 

Shape of the wavelet is chosen based on the different features to extract. The wavelet 

transform allows the representation of a signal onto the orthogonal basis. Each term of the 

basis represents the signal at a given scale. It is decomposed into basis which in turn gives 

details and approximation, and can be stored as wavelet coefficient. This representation is 

called as a wavelet representation. Among the infinite wavelet basis choose the basis which is 

very close to the feature to be extracted. By using the proportional relation between noise 

coefficient and wavelet coefficient one can extract linear features such as edges and thin 

stripe. 

 

 
7. CONCLUSION 

 
In this we have mainly focused on various speckle reduction technique. A detailed 

comparative study of standard spatial domain speckle filters and wavelet domain speckle 

filters with respect to several metrics have been discussed.  

The new Fusion method proposes the use of direction let transform along with 

DTCWT. The advantages of the proposed method could be the efficient and precise 

representation of highly anisotropic objects like contours and edges. The other advantage 

could be the less computational complexity and detailed preservation due to less number of 

processing coefficients. The dual-tree CWT is a valuable enhancement of the traditional real 
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wavelet transform that is nearly shift invariant and, in higher dimensions, directionally 

selective.  
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