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Abstract
The Synthetic Aperture Radar (SAR) imagery has become very 
important and popular  in earth observation systems due its ability 
to operate at any weather conditions, its penetration capability 
through the clouds and soil. Due to these reasons it plays major role 
in remote sensing over regular optical satellite imagery systems. 
The SAR imagery systems depend upon coherence properties of 
the scattered signals, they are highly susceptible to interference 
effects. Because of the coherent nature of RADAR waves and 
the subsequent coherent processing, SAR images are corrupted 
by a strong specific noise, called “speckle”. Thus, it has become 
crucial to remove the speckle noise using suitable techniques. The 
goal of despeckling is to remove noise and to preserve all textural 
features in the SAR images. In this paper we will concentrate on 
some major areas of de-speckling methods.
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I. Introduction
Remote sensing is the science and art of obtaining information 
about an object, area, or phenomenon through the analysis of 
data acquired by a device that is not in contact with the object, 
area, or phenomenon under investigation, it is in accordance to 
Lillesand and Kiefer. The remote sensing can be divided into two 
groups based on the frequency or wavelength that it operates, i.e., 
optical remote sensing and microwave remote sensing. Optical 
uses the visible and infrared frequencies. Microwave uses radio 
frequencies. 
In a microwave remote sensing, the electromagnetic signals will 
be sent and return electromagnetic signals will be collected in 
time frame and will be used to determine the type of reflector 
and its distance between them. Generally this is achieved by 
the equipment RADAR(Radio Detection And Ranging). With 
different pulse intervals, different wavelengths (which ranges 
between less than 1 mm to 1 m)  and polarizations it can also be 
determined the roughness, geometry and moisture content of the 
earth surface. 
During the past two decades different microwave satellites using 
RADAR sensors have been put into the orbit. SEASAT, SIR-A, 
SIR-B, SIR-C, ERS-1, ERS-2, ALMAZ, JERS-1, RADARSAT 
and RISAT (Indian microwave satellite) are some of satellite 
missions which use RADAR technology. 
SAR is special satellite type of RADAR operation.  SAR images 
finds applications in different fields such as remote sensing, for 
mapping, surface surveillance, search and rescue, automatic target 
recognition etc. The SAR imagery systems depend upon coherence 
properties of the scattered signals, they are highly susceptible 
to interference effects. Because of the coherent nature of this 
waves and the subsequent coherent processing, SAR images are 
corrupted by a strong specific noise, called “speckle” [11]. Thus, 
it has become crucial to remove the speckle noise using suitable 
techniques.  In general, every SAR image is affected by speckle 
noise and it is mandatory to remove it before further processing. 
Information in SAR image is of great importance, but speckle 

noise degrades the image quality severely. 
The goal of despeckling method  is to remove speckle noise and to 
preserve all textural features in the SAR images. The despeckled 
image is used to further study the textural content, identify the 
objects and boundaries. Hence it is necessary to analyze and design 
the speckle noise removal algorithms from SAR images.
A good adaptive speckle filter should possess the following 
properties.

Speckle reduction in statistically homogeneous areas.• 
Feature preservation • 

       (such as edges and real textural variations).
Radiometric preservation.• 

II. Methods Developed So Far
Different types of methods have been developed in two major areas 
like spatial domain and frequency domain for reduction of speckle 
noise. In this paper we will concentrate on some major areas of de-
speckling methods. Mainly the despeckling methods are broadly 
given as lee filter, frost filter, kaun filter, sigma filter, refined lee 
filter, MAP filter, wavelet based thresholding methods like soft, 
hard, sure and  bayesian methods, curvelet transforms, principle 
component based transforms, non local mean methods, block 
matching 3D method, SAR block matching 3D method and etc. 
The BM3D method is generally considered as state of art method 
in denoising of images and despeckling of SAR images. 
The performance of spatial filters is heavily dependent on the 
choice of the size and orientation of the local window. Lee filter 
[1-2], [12] and [13] basically replaces the central pixel value with 
the least square estimated value in the local window. In order to 
preserve an edge, it applies a refined edge detection technique 
using gradient operators to determine the direction of the edges and 
then divides the window into sub-windows to get local mean and 
variance values. The multiplicative model is first approximated by 
a linear combination of the local mean and the observed pixel. The 
minimum mean-square error criterion (MMSE) is then applied to 
determine the weighting constant. This filter suppress the speckle 
noise efficiently but it over smooth the details in the image.
The Frost filter is an adaptive and exponentially weighted averaging 
filter [3]. The weights are based on the coefficient of variation 
which is the ratio of the local standard deviation to the local mean 
of the degraded image. The enhanced Lee and enhanced Frost 
filters proposed by Lopes divide an image into homogeneous 
areas, heterogeneous areas and isolated point targets based on the 
value of the coefficient of variation (low, intermediate and high, 
respectively). The Frost filter was designed as an adaptive Wiener 
filter that assumed an autoregressive (AR) exponential model for 
the scene reflectivity.
The method by Kuan uses a nonstationary image model and is an 
extension of Lee’s local statistics algorithm. These spatial filters 
denoise the RADAR images 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. These despeckling 
algorithms effectively despeckle the image, but blur the edges of 
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the SAR images.
The MAP filter replaces the central pixel value with the MAP value 
in the local window. The Gamma MAP filter [4-5] was based on 
a Bayesian analysis of the image statistics where both signal and 
speckle noise follow a Gamma distribution.
The frequency domain filters main started with revolution from 
the invention of wavelets. It is easy to denoise the images where 
the signal and noise are separated little bit. Based on that principle 
the wavelet transform denoising method works. The wavelet 
techniques [6, 14-15] assume that noise mainly exists on the 
high-frequency wavelet components and thus can be removed by 
filtering the wavelet coefficients in transformed domain. Wavelet 
despeckling approaches also exist and are based on modifying the 
(log-transformed) speckle noisy wavelet coefficients according 
to some threshold rule (shrinkage) and reconstructing the filtered 
image from them.
Wavelet denoising procedures consist of these main steps. First, 
calculation of the noisy image using wavelet transform. Second, 
analysis and manipulate of the wavelet coefficients. Last one, 
compute the inverse transform using the modified coefficients. 
However, thresholding methods have two main  drawbacks: (i) 
the choice of the threshold, arguably the most important design 
parameter, is made in an ad hoc manner; and (ii) the specific 
distributions of the signal and noise may not be well matched 
at different scales. Artifacts are introduced if the selection of 
threshold of the wavelet is not proper.
In principal component analysis (PCA) domain, the scene signal 
is mostly captured by several leading principal components (PCs), 
while the last few components with low variances are mainly due 
to noise. On the other hand, locally learned principal component 
analysis bases, a series of mutually orthogonal directions with 
sequentially largest variances, have shown better capability of 
representing structural features, e.g., image edges and texture 
[7]. 
Non-Local Mean (NLM) algorithm takes advantages of the high 
degree of spatial redundancy in image  pixels. Each pixel is 
estimated by a weighted averaging process over its neighboring 
pixels (patch). The weights are determined based on the similarity 
of the pixel with the patch pixels. The NLM [8] method has been 
adapted for SAR image denoising by adjusting the similarity 
measure to the multiplicative nature of speckle noise. The 
advantage is a set of similar patches used to suppress the noise 
and the similarity is based on Euclidean distance between two the 
patches. But it faces the problem of computational burden due to 
its complexity of calculating the weight of the pixel. However, 
this algorithm also lose some texture information, as well as need 
a large computational cost.
       A combination of transform domain and spatial domain 
image denoising algorithms is presented in BM3D algorithm 
[9]. It combines non-local filtering approach with other effective 
denoising tools, like wavelet shrinkage and Wiener filtering. The 
SAR-oriented version of SAR-BM3D [10], follows the rationale 
and overall structure of BM3D but modifies its basic steps to 
adapt to the multiplicative nature of speckle. The SAR-BM3D 
algorithm  despeckles SAR images by combining the concepts 
of nonlocal filtering and wavelet-domain shrinkage, which has 
a better capacity to preserve relevant details while smoothing 
homogeneous areas. However, the smoothing of homogeneous 
areas and the preserving of edges are still not well balanced in 
these methods. The BM3D method is generally considered as 
state of art method in denoising of images and despeckling of 
SAR images. 

III. Quality Measurement
The following parameters will give us about a method how far 
that method despeckle the noise and preserves that textures. Based 
upon the image and method used the results vary. Equivalent 
number of looks plays major role to judge whether the despeckle 
method is good or not. Generally MSE and PSNR values play 
a major decision to say whether the image denoising method is 
upto to the mark or not.

A. Mean Square Error (MSE)
The Mean Squared Error (MSE) measures the average absolute 
difference between two images. Smaller the MSE value, the closer 
the fit is to the data. 

B. Peak Signal To Noise Ratio (PSNR)
PSNR is the ratio between possible power of a signal and the power 
of corrupting noise that affects the fidelity of its representation. 
Higher PSNR value provides higher image quality. It is given by,       
PSNR=10log10 *  (2n-1) / MSE

C. Equivalent Number of Looks (ENL)
The higher ENL value for a image, the higher efficiency in 
smoothing speckle noise over homogeneous areas. It is given 
by,
ENL = (mean/ standard deviation)2

D. Coefficient Of Correlation (CC)
Indicates the strength and direction of linear relationship between 
the original and denoised mages. If the Coefficient of Correlation 
(CC) is near to +1, then there exists stronger positive correlation 
between the original and despeckled image.
Cx,^x = E[(x-µx) (^x-µ^x)] / σx. σ^x
where µx and µ^x are mean values of original and despeckled 
SAR images respectively and σx and σ^x are standard deviations 
of original and despeckled images respectively.

5. Speckle Suppression Index 
The ratio of standard deviation to mean (also called coefficient of 
variance) is used to measure the speckle strength in an image. Let 
x and ̂ x be original and speckle reduced SAR images respectively. 
The speckle suppression index (SSI) is defined as the ratio of 
coefficient of variance of speckle resorter image to the coefficient 
of variance of original image as given below 
SSI = [(var(^x))1/2 / mean(^x) ] *  
[mean(x) / (var(x))1/2]
SSI is less than 1. The smaller values of SSI means higher 
suppression of speckle noise. Ideal value is zero.

6. Speckle Suppression and Mean Preservation Index
ENL and SSI are not considered as reliable measures when the 
despeckling algorithm overestimates the mean value. Therefore, 
speckle suppression and mean preservation index (SMPI) is used 
for simultaneous estimation of speckle suppression and mean 
preservation capabilities of despeckling technique. SMPI is given 
as
SMPI = Q * (var(^x))1/2 / (var(x))1/2

Q = K + | Mean(^x) /Mean(x) |
K = Max(Mean(^x)) - Min(Mean(^x)) / Mean(x)
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7. Edge Save Index: Edge save index (ESI) reflects the edge 
preservation capability of despeckling technique. ESI is measured 
in both horizontal and vertical directions.

where ^x is despeckled SAR image; x is original SAR image; m 
is the number of rows in SAR image; n is the number of columns 
in SAR.
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