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Abstract: In Image processing, Synthetic Aperture Radar(SAR) 

images are inherently affected by speckle noise, which visually 

degrades the appearance of the images and may severely affect the 

quality of SAR image interpretation tasks like object detection or 

target detection, instance segmentation and image analysis. Hence 

SAR image Despeckling becomes a hot research issue. In this 

paper, the proposed method Total Variation (TV) Denoising is 

used to address this issue. It is applied to SAR imagery to decrease 

the noise. It is a filtering method which works efficiently. The 

process of decreasing the speckle noise is known as Despeckling. 

When there is noise in the image the actual data is affected. The 

actual meaning of noise is unwanted signal. Noise is an 

undesirable by-product in an image that disturbs the original 

image. On removal of noise, it results in the noise free SAR image. 

The Land Use Land Cover (LULC) analysis of a SAR image can 

be accurate when there is no noise in the SAR image. Therefore 

the main aim of this paper is to analyze the land use and land 

cover (LULC) in the despeckled high resolution image. 

Keywords: SAR images, Despeckling, Total Variation, 

Principal Component Analysis 

I. INTRODUCTION 

 In this section the following things are discussed, 

Noise, She SAR image Despeckling and LULC analysis. 

These are important in present days for the geographical 

study and earth’s observation.  
A. Noise in SAR Images: 

In Remote sensing technology, SAR is a system which 

generates microwave electromagnetic (EM) radiations and 

transmits it to the earth’s surface or any other target region. 

Different amounts of EM signals are absorbed by the earth or 

the target and the remaining is reflected. This reflected signal 

is detected by the SAR satellite and by using them it 

constructs the imagery of wide areas. In SAR system, each 

satellite can generate its own EM signals for yielding an 

image without requiring the solar energy. In addition, these 

micro waves are not affected by the fog, clouds or any other 

obstacles. But while forming an image, because of the 

interference of the constructive and destructive 

electromagnetic waves the SAR image is disturbed or 
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damaged by noise. This noise typically looks like tiny dots 

called as specks. This speckle noise is modeled as a 

multiplicative noise and gives images a grainy appearance. It 

can more often affect automated image processing 

algorithms, such as feature extraction and region 

classification or segmentation [1]. Hence, it is necessary to 

eliminate speckle noise from the image. 

Speckle Noise: Speckle noise degrades the quality of 

images which are generally obtained through ultrasounds, 

synthetic aperture radar or coherent light imaging systems. 

An equation for the degraded SAR image can be given as 

follows,  

𝐷(𝑝, 𝑞) = 𝑂( 𝑝 , 𝑞 )  ∗  𝑁 ( 𝑝 , 𝑞 )   (1)[5] 

In the above equation(1), speckle noise in an image is 

represented as 𝑁 ( 𝑝 , 𝑞 ), original SAR image is represented 

as 𝑂 ( 𝑝 , 𝑞 ) , and the degraded SAR image containing 

speckle noise is represented as 𝐷 ( 𝑝 , 𝑞 )  and ( 𝑝 , 𝑞 ) 

represent the speckle coordinate. 

Till recent times many methods have been proposed to 

reduce the noise in the SAR images. One method is 

multiple-look SAR image, in which the speckle is detected 

and measured at source by using the SAR system capabilities 

itself. Here multiple images are obtained from the same scene 

and they are averaged to form a single image. In this way this 

method is used to reduce the speckle noise. But this method 

has a major drawback of decrease in image resolution. The 

second technique is filtering. The Lee filter, adaptive median 

filter, Kuan filter and Frost filter are some of the examples for 

this second method. These filters are simple with high 

processing efficiency but have a drawback that the 

performance varies depending on the scene. The other 

drawback is that, it degrades either the performance of 

speckle reduction or the performance of preserving the 

sharpness of the images [2].Another and the most recent 

method to reduce the speckle noise in the SAR image is 

wavelet based. The wavelet-based methods give better 

performance of preserving edges. It has a problem of 

statistical estimation of despeckling and this is resolved by 

linear filtering constraint under Maximum A Posteriori 

(MAP) or maximum likelihood criterion [3]. But it has a 

drawback of low efficiency in processing and it is difficult to 

give a precise probability distribution for MAP filtering of a 

scene. 

B. SAR Image Despeckling 

SAR is a technology which is used to create earth’s surface 

images with high resolutions. Strong multiplicative noise is 

present in SAR images. [13]The presence of noise severely 

affects the performance of making operations such as 

segmentation, classification, and object identification. It is 

important to remove the speckles as it makes it complicated 

to perform operations on a noisy SAR image.  
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The important applications where SAR images are used 

are, in geo-hazard investigation, monitoring the environment 

and atmosphere, tropical forest and agricultural land, 

detection of ships in the coastal regions, updating and 

compiling map, terrain mapping, and automatic target 

recognition. It is also used in military and civilian 

departments and many other applications. The papers [11] 

and [12] discussed Soft Computing methods, which can also 

be applied to improve the image quality 

C. Land Use Land Cover 

Land is a primary natural resource for human beings to 

survive. The activities of human beings have a great impact 

on land use which leads to the changes in the land cover with 

the increase in the population, the betterment of 

social-economic, increase in the interest of industrialization 

and urbanization. From the past few years many changes 

have taken place in land use and land cover in the entire 

world. These changes are studied by analyzing the land use 

and land cover. The analysis of the land use and land cover 

and the changes happening over it is an important issue in 

research as it helps to develop the global environment. It 

helps to manage, protect, and plan the natural resources of 

earth and for perfect management of land. When a land use 

image is observed, it is found that the distribution patterns of 

various categories in the image shows a major difference. For 

suppose, agricultural and forestry category images contains 

regular texture whereas the storage tanks and aero planes 

category images are composed of primary objects and 

backgrounds [10].Land Use can be defined as how the land is 

being used and Land Cover is defined as the natural features 

by which the earth’s surface is covered such as rocks, rivers, 

forest, vegetation, bare soil, water bodies etc. If the land is 

used improperly then many disadvantages occur like 

degradation in the environment, increase in different kinds of 

pollution etc.  

 The upcoming content in the paper is organized in 

different sections as section 2,3,4,5. Section 2 contains the 

discussion of existing methods; Section 3 contains the 

discussion of the proposed method; Section 4 contains the 

experimental results; Section 5 contains the conclusion of the 

paper. 

II. RELATED WORK 

 Now let us briefly discuss about few despeckling 

algorithms which are proposed in recent years by different 

authors.  

 The authors named Aiyeola Sikiru Yommy in 2015 

proposed [5] a paper to despeckle the SAR image where they 

used the algorithm of K-Nearest Neighbor (KNN). This 

algorithm is used by changing it to enhance Lee filter 

efficiency. When using current filters, some issues such as 

blurring, conservation of edges and conservation of features 

arise. This technique is used to implement a modified filter so 

that these issues can be avoided. By choosing the closest 

neighboring pixels, parameters are calculated using this 

technique filtering. The window size should be only 5x5 

when using this technique and only the excellent outcome is 

achieved when fifteen out of twenty-five pixels are used. The 

modified or enhanced filter is implemented before 

compressing the SAR picture using "Two-Dimensional 

Discrete Wavelet Transform (2-D DWT). Their simulation 

outcome found in this document that if the SAR picture is 

despeckled before compression then better outcomes can be 

achieved. But details of the image are lost and a blurred 

image is yielded when the big sized window is chosen. 

In 2016, the writers Xinbo Goa and Weiping Ni suggested 

an expanded despeckling system known as' generalized 

non-local Bayesian directed filter (GGF-BNLM)'[6]. The 

significant contributions in this article are: for this suggested 

GGF-BNLM technique, the nonlinear weight kernel was 

effectively lowered and the guidance picture was effectively 

built using maximum probability rule and homogeneity 

analysis of local areas. Due to its usability in varying weather 

circumstances, SAR images are commonly used in separate 

areas. But due to the backscattered radar echoes interference, 

these are corrupted by multiplicative noise. These findings in 

the resolution degradation of SAR pictures, making it hard to 

analyze the SAR image, interpret it and process it. For a SAR 

picture, despeckling is therefore a main thing. 

The techniques for suppressing the speckles are generally 

categorized into two kinds, filtering techniques and 

processing multilook. The quantitative and visual studies on 

synthetic and true SAR imagery showed in the article that 

their technique reduces noise with imperceptible detail 

blurring with excellent protection for powerful point-type 

dispersion. With their article, they found that their suggested 

technique works better than many traditional and modern 

techniques. But the algorithm is not robust in preserving the 

edges during despeckling process.  

In 2016, the authors named Hongyu Wang, Ke Cao, 

JieGengJianchao Fan proposed [7] a despeckling algorithm 

for SAR pictures, called "an iterative low rank representation 

(LRR) algorithm." Here the SAR image is first transformed 

to a logarithmic form and then iteratively filtered using their 

suggested low-rank representation algorithm model. Similar 

patches are created in a group for iteration. Next, the patches 

are filtered using the nuclear regularized low-rank 

representation. Finally, by merging all these filtered patches, 

the denounced picture is created. 

The speckles must be removed as the speckle lowers the 

quality of Synthetic Aperture Radar imagery. Many 

despeckling techniques are suggested to improve efficiency 

in many SAR image processing apps in order to fix this 

problem. The first despeckling method depends primarily on 

the filtering of the spatial domain. Transform-domain 

filtering is commonly accepted to remove the speckles, 

subsequently improving the methods of despeckling. 

Recently, LRR has been commonly used to denounce an 

image. But the drawback is this proposed method could not 

achieve strongest edge preservation. 

In 2017, Yaser Arianproposed [1] a new method for 

despeckling and the SR (super resolution) strategy for SAR 

pictures. The SAR picture with low-resolution speckles is 

transmitted to the Gradient domain in this technique and all 

the edge sharpness is extracted. In order to get the fresh edge 

sharpness values, the author used Bootstrapping strategy and 

also Zernike moments. The high-resolution noise-free SAR 

picture is acquired with this fresh edge sharpness values. But 

the proposed method is little time consuming and not cost 

effective. 
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In 2015, the authors named FangfangShen,Guangng Shi 

proposed[9] a "SAR Despeckling Algorithm (ASRDA) based 

on Adaptive Sparse Representation." Sparse depiction has 

been receiving excellent attention in recent times in image 

denoising studies. But this SR model cannot maintain the 

picture information. Therefore, they entered fresh SR model 

and AR constraint in their article in order to obtain excellent 

outcomes and lifted objective function. This helps preserve a 

picture's information. The speckle element is noted here as 

the remaining coefficient and this is made equal to the 

distinction between the coefficient assessed and the actual 

picture coefficient. Furthermore, the non-local similarity is 

coupled with the autoregressive model to effectively 

recognize the image information. But the proposed method is 

not very efficient on highly affected areas.  

III. PROPOSED METHOD 

After completing the survey on the above methods, it was 

observed that most of these methods are lacking few things 

like robustness in edge preservation, details preservation, 

cost effectiveness and less time consumption. Therefore in 

the proposed method, these lacking properties are addressed. 

The proposed method is a combination of two methods, 

which are Total Variation (TV) Denoising Method and 

Principal Component Analysis (PCA). TV Denoising method 

is used to overcome these issues by despeckling the SAR 

image and PCA method is used to analyze the image. Hence 

the proposed method has two phases. 

3.1 Despeckling Method 

Removal of noise has become vital in many SAR images 

because it improves the quality of SAR images. For this 

purpose we are proposing an algorithm named 

Rudin-Osher-Fatemi (ROF) with good accuracy and high 

image resolution and also it estimates the noise level in SAR 

image. The other name for ROF model is Total Variation 

Regularization or Total Variation Denoising. The algorithm 

was named after the persons who introduced this method, 

Rudin, Osher, Fatemi in 1992. This method increased the 

interest of research in computer vision and the digital image 

processing. ROF method performs better in preserving the 

edges and sharpness of the SAR image while despeckling it. 

The ROF algorithm is used to find the smoother version of 

the image and also to preserve the edges and structures. This 

algorithm generally yields a “posterized” version of an image 

consisting of flat domains which are separated by sharp 

edges. By making changes in the trade-off between 

de-noising and realness to the original image, the degree of 

posterization can be controlled.  

Total variation regularization is about minimizing the 

energy which is a combination of two information types. One 

is data fitting term and the other is regularization term. The 

first one makes sure that the original image and the processed 

image are approximately same. The second one imposes 

restrictions to get smoothness.   

The model is based on a principle that signals having 

excessive and feasibly deceptive detail contain high total 

variation. It means that the integral of the absolute gradient 

signal is more. Total variation denoising method helps to 

preserve the edges effectively while removing the noise. This 

is represented as  

𝐽(𝐴) = ∫ |𝛻𝐴|𝑑𝑥 (2) [4] 

From the above equation (2), for a grayscale image A, the 

total variation is defined as the summation of the gradient 

norm. 

𝐽(𝐴) = ∑ |𝛻𝐴|𝑋                          (3)[4] 

In equation (3) the discrete form of total variation is 

represented, where the summation is performed on all the 

image coordinates 𝑋 =  |𝑝, 𝑞|. 
From this principle, decreasing the TV of a signal subject 

to that being a nearer match to the original signal decreases 

the details which are unwanted while preserving the details 

which are important such as edges. The ultimate goal is to get 

a de-noised image B which can reduce the following cost 

function; 

 min
B

||A − B||2 + 2λJ(B)     (4)[4] 

Here in the equation (4), the norm ||𝐴 − 𝐵||  is the 

difference between B and A. 

The image with minimal total variation norm which is 

almost closer to the initial image is obtained as a result. But it 

is not an easy thing to implement this minimization 

constraint. Fortunately, some mathematicians came up with a 

concept called “dual formulation”. In this concept, the dual 

variable 𝑃 = (𝑝𝑋, 𝑝𝑦) replaces the variable B. 

3.2 Land Use Land Cover Analysis Method  

In this paper, Principal Component Analysis (PCA) 

method is used to analyze the Land Use Land Cover. In 

image processing technique the SAR images are used to gain 

improved spatial and spectral quality to obtain accurate 

results. Many image processing techniques are applied to 

SAR images. But the spectral and spatial information is 

missed because of the techniques used for image 

compression. Each pixel contains high spectral and spatial 

resolution in a multispectral image. Allotting bands to blue, 

green and red channels is a difficult process in the false color 

composite technique. Huge amount of information is not 

given by limited channels. Hence, the limitation in the false 

color composite technique is overcome by reducing 

dimensions using Principal Component Analysis.  

PCA is also used to remove redundant data and improve 

the details of the information. In PCA, the reduction of 

dimensionality is done by eliminating the redundant data or 

insignificant data. Reduction of dimensionality makes it 

easier and faster to analyze the data[10]. We analyze complex 

data like multi-dimensional data, in real world tasks of data 

analysis. When the dimension of data increases, the level of 

difficulty to perform computations and to visualize it also 

increases. [15] So, to overcome this problem we reduce the 

dimensions of data by removing the redundant dimensions 

and keeping only the very important dimensions.  

The working of the PCA can be explained as follows  

1. Firstly, it calculates the covariance matrix X of data points. 

2. Secondly, it calculates eigenvalues and eigenvectors. 

3. After that, it tries to sort in decreasing order of 

eigenvectors according to their eigenvalues. 

4. It gives the new k dimensions by choosing the first k 

eigenvectors. 
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5. Then it transforms to k dimensions from original n 

dimensional data points. 
The eigenvectors and eigenvalues come together as a pair. 

[16] It means that every eigenvector has eigenvalue. The 

eigenvalue and eigenvector is equal to the number of 

dimensions of the data. For example, if the data set is 3 

dimensional then there will be 3 variables; ultimately there 

will be three eigenvectors with the corresponding three 

eigenvalues. Eigenvalues yield the variance amount carried 

by each Principal Component. 

IV. EXPERIMENTAL RESULTS 

All the experiments are executed in an Intel i3 processor 

and windows10 as platform. The programming language 

used while doing this experiment was Python with its 

necessary packages like numpy, math, scipy, openCV etc. To 

do this dataset was taken from ESA (European Space 

Agency). 

A) Despeckling: 

In the initial step, the original SAR image with noise is 

converted into the gray image. The image size of the input is 

resized to 250*250. In this paper, the proposed method is 

compared with previous methods which are used for image 

despeckling those are Lee filter, Kuan filter, etc. Here we 

estimated the noise in the image by using different 

parameters like img, weight etc., we performed despeckling 

on the grayscale image. Here, we are using a plotting library 

for the resultant images which is matplotlib. To despeckle the 

images, weights like small, medium and strong (1, 5, 10) are 

used. And also we are calculating the time taken for this 

entire execution process.  

 

(a) 

 

(b) 

 

(c) 

 

(d) 

Fig.1 Despeckling of a SAR IMAGE 

From the fig.1 we can see that the noisy image (a) is obtained 

first. After giving small weight image (b) is obtained and for 

medium and strong weights images (c) and (d) are obtained 

respectively. 

B) Analysis 

After the noise is removed from the SAR image, the 

analysis of the resulting image obtained from the 

Despeckling process is to be carried out. To evaluate 

analyzing information, software like the Sentinel Toolbox 

(SNAP) is used here. SNAP is popular open source 

architecture ideal for processing and analyzing ESA 

Toolboxes for earth observation. Large green lands, roads, 

buildings and unused land are included in the test region. 

Dark green is the agricultural land in the image of the study. 

Light green reflects the body of the water. Blue is 

representing the constructed land. Red is the bare land with 

soil. Brown constitutes bare land with grass. Seen from the 

map, there is a clear classification of those fields mixed by 

buildings and green lands. Because of elevated reflectivity, 

some road spots in the map are classified into structures. In 

complicated land-use and land-cover areas, the suggested 

PCA technique demonstrates excellent efficiency. Hence it 

results in providing prefect analysis of Land Use Land Cover 

in the SAR image. 
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Fig.2 Analyzing Land Use Land Cover of the SAR 

From the above fig.2 we can see that the Land Use Land 

Cover analysis is done using PCA in which different areas are 

differentiated.  

The tabular form shows the comparison of the noise 

estimated, the time taken to execute and the accuracy rate of 

the proposed method and other methods. 

Table.1. Comparison of noise level, execution time and 

accuracy of different methods with the proposed method. 

 

From the table 1, it can be concluded that the proposed 

method has good noise estimation level, execution time and 

accuracy compared to other methods. 

V. CONCLUSION 

The experimental results in this paper show that the 

proposed method Total variation removes the speckles 

successfully without compromising the sharpness of image 

edges. After doing this process, the SAR image is analyzed 

precisely and accurately in the noise free image. TV 

regularization or TV Denoising method is used to remove the 

speckles without compromising any important detail or edge 

sharpness in the images and    Sentinel toolbox (SNAP) is 

used to analyze the land use land cover. SAR images are used 

to analyze the land use and land cover, but these images are 

disturbed by speckles. So our main ideology is to remove the 

speckles for the efficient analysis of SAR image without any 

disturbance of noise. 
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S.No Method 
Estimated 
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Accuracy 

01 KNN 20.31 43.21 72.53% 
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03 GGF-BNLM 19.53 45.82 81.67% 

04 

TV 

denoising 

method 

21.89 40.72 88.72% 
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