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Abstract- Synthetic Aperture Radar (SAR) data 

plays a critical role in remote sensing applications, 

providing valuable information for various fields, 

including environmental monitoring, disaster 

management, and defense.  However, SAR data is 

often contaminated by noise, which can degrade the 

quality of the information extracted from it. In this 

research, we address the problem of denoising 

polarimetric SAR data using Self-Organizing 

Feature Maps (SOFM), a neural network-based 

approach. The motivation behind this work stems 

from the necessity to enhance the quality and 

accuracy of SAR data for improved interpretation 

and analysis. We propose a methodology that 

leverages the unsupervised learning capabilities of 

SOFM to reduce noise in polarimetric SAR images. 

The key idea is to find the best-matching unit 

(BMU) for each pixel in the data and use it to 

update the noisy pixel with information from its 

corresponding BMU. In the literature review, we 

discuss the significance of SAR data and review 

existing denoising techniques, highlighting the 

advantages and limitations of each. We present the 

design strategy, including the choice of SOFM as 

the denoising tool and the selection of parameters. 

The methodology section offers a detailed 

description of the denoising process, emphasizing 

the calculation of BMUs and the update of noisy 

data based on these BMUs. We also provide insights 

into the design of the SOFM network and its 

training process. While partial results from the 

validation process are presented, the project 

remains a work in progress, with ongoing 

experiments and further analysis. Our approach 

shows promise in improving the quality of 

polarimetric SAR data, but comprehensive 

validation and fine-tuning are required to assess its 

full potential. In conclusion, this project aims to 

contribute to the advancement of SAR data 

processing by introducing a novel denoising 

technique based on Self-Organizing Feature Maps. 

By reducing noise in polarimetric SAR data, our 

methodology has the potential to enhance the 

accuracy and reliability of information derived from 

SAR images, thus benefiting a wide range of 

applications in remote sensing. 

 

Indexed Terms- Polarimetric SAR Data, Denoising, 

Self-Organizing Feature Maps (SOFM), Remote 

Sensing, Synthetic Aperture Radar (SAR), Noise 

Reduction 

 

I. INTRODUCTION 

 

Polarimetric Synthetic Aperture Radar (SAR) is a 

remarkable remote sensing technology that has 

transformed our ability to observe and understand the 

Earth's surface. It has applications spanning diverse 

fields, from agriculture and forestry to urban 

planning and disaster management. At its core, SAR 

systems work by emitting microwave signals towards 

the Earth's surface, recording the signals reflected 

back. This process provides a wealth of valuable 

information about the terrain, objects on the ground, 

and changes over time. However, the pristine 

potential of SAR data is often marred by the presence 

of noise and speckle, degrading data quality and 

impeding its usefulness. This noise can emanate from 

a variety of sources, including atmospheric 

conditions, ground clutter, and inherent system-

related factors. Addressing this issue, a process 

known as denoising, is vital for enhancing the utility 

of SAR data.In recent years, Self-Organizing Feature 

Maps (SOFM), a category of artificial neural 

networks, have garnered significant attention for their 

promise in denoising polarimetric SAR data. SOFMs 

belong to the family of unsupervised learning 

models, inspired by the human brain's remarkable 
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ability to recognize, organize, and categorize patterns 

and information. These neural networks excel in the 

discovery of complex spatial relationships and 

structures within data, making them an ideal 

candidate for the denoising of polarimetric SAR data. 

This research endeavor is dedicated to the 

development, validation, and application of a 

denoising methodology rooted in SOFMs, aimed at 

elevating the quality and utility of polarimetric SAR 

data. Polarimetric SAR technology has evolved into a 

transformative force within the realm of remote 

sensing and Earth observation. It wields the capacity 

to provide invaluable insights across a multitude of 

sectors, with applications ranging from agriculture to 

environmental monitoring, disaster response, and 

defense surveillance. Unlike optical remote sensing 

systems that rely on visible light, SAR operates in the 

microwave part of the electromagnetic spectrum. 

This unique characteristic offers the distinct 

advantage of all-weather, day-and-night observation, 

making it an essential tool for monitoring Earth's 

surface even under adverse conditions. SAR systems 

acquire data by emitting microwave signals, which 

travel to the Earth's surface and interact with the 

terrain, objects, and structures they encounter. The 

signals are then reflected back towards the SAR 

sensor and recorded. This returning data contains a 

trove of information, such as the roughness of the 

surface, the moisture content of the ground, the 

presence of man-made structures, and even subtle 

changes over time. The SAR sensor effectively 

serves as a synthetic aperture, which allows the 

formation of high-resolution images and detailed 

datasets. While the potential of SAR technology is 

immense, it is not without its challenges. One of the 

most pervasive issues faced by SAR data is the 

presence of noise and speckle. Noise, in this context, 

refers to any unwanted and random variations in 

pixel values within the SAR image. Speckle, a 

particular form of noise, manifests as a granular 

interference pattern that can significantly obscure the 

underlying information. These anomalies 

compromise the clarity and interpretability of SAR 

data, affecting both visual analysis and quantitative 

interpretation. Atmospheric Conditions: Microwave 

signals, while penetrating through clouds and 

atmospheric elements, can encounter interference, 

leading to phase errors and signal degradation. These 

atmospheric conditions introduce noise into the 

collected data. Objects on the Earth's surface, such as 

buildings, vegetation, and other structures, can scatter 

the SAR signals in unpredictable ways. This 

scattering introduces noise by influencing the 

strength and phase of the received signals.  SAR 

systems themselves can contribute to noise through 

electronic interference, imperfections in the sensor, 

or calibration errors. These system-related factors are 

inherent to the data acquisition process and can 

introduce noise into the captured data. The presence 

of noise complicates data analysis and limits the 

ability to extract valuable insights from SAR 

imagery. Denoising, a process aimed at removing or 

reducing noise while preserving critical information, 

is essential to unlock the full potential of SAR data. 

In recent years, Self-Organizing Feature Maps 

(SOFM) have emerged as a beacon of hope in the 

pursuit of denoising polarimetric SAR data. SOFMs 

are a form of artificial neural network, designed to 

mimic the brain's ability to recognize patterns and 

relationships in data. They belong to the realm of 

unsupervised learning, where the network itself 

discovers and organizes patterns in data without 

explicit supervision. SOFMs are particularly adept at 

identifying complex spatial relationships and 

structures within the data, making them an attractive 

choice for denoising tasks. A Self-Organizing Feature 

Map consists of a grid of artificial neurons, each 

associated with a weight vector. The unique 

characteristic of SOFMs is their unsupervised 

learning approach, wherein the network learns to 

organize the weight vectors based on the input data's 

inherent patterns. During training, SOFMs adjust 

these weight vectors iteratively to match the 

characteristics of the input data. This training process 

entails finding the Best-Matching Unit (BMU), 

updating the BMU's weight vector, and influencing 

the weight vectors of neighboring neurons. Over 

time, the SOFM effectively adapts to the data's 

structure and characteristics. SOFMs are 

exceptionally skilled at recognizing patterns and 

relationships within data. By employing SOFMs, we 

aim to effectively discern the underlying structure in 

polarimetric SAR data and preserve these patterns 

while removing noise. Polarimetric SAR data often 

contains intricate spatial relationships and structures, 

making it challenging to denoise using traditional 

methods. SOFMs' ability to capture these 

complexities is a significant motivation for their 
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application. SOFMs offer an unsupervised learning 

approach, meaning they can autonomously adapt to 

the data's characteristics. This autonomy is 

advantageous for denoising tasks where noise 

characteristics can vary across different datasets and 

scenarios. The application of SOFMs represents an 

innovative approach to the long-standing issue of 

noise in SAR data. This innovation has the potential 

to significantly enhance SAR data quality and open 

new avenues for research and applications. The 

primary objective is the design and implementation 

of a robust and adaptable methodology for denoising 

polarimetric SAR data using Self-Organizing Feature 

Maps. This methodology encompasses key phases, 

including data preprocessing, SOFM training, and the 

denoising procedure. The quality of the denoised data 

hinges on the choice of parameters, such as the grid 

structure, learning rate, and neighborhood function 

during SOFM training. This project involves rigorous 

parametric analysis and optimization to achieve the 

best denoising results. The developed denoising 

methodology will undergo rigorous validation. This 

validation encompasses quantitative assessments 

utilizing evaluation metrics, visual inspections, and 

statistical. 

 

II. LITERATURE REVIEW 

 

Polarimetric Synthetic Aperture Radar (SAR) data is 

a powerful tool for remote sensing, providing 

valuable insights into various Earth observation 

applications, from agriculture and forestry to urban 

planning and disaster management. However, SAR 

data often suffer from noise and speckle, which can 

hinder its utility. Over the years, researchers have 

explored various techniques to denoise SAR data, 

and one promising avenue is the application of Self-

Organizing Feature Maps (SOFMs). This literature 

review delves into the existing body of knowledge, 

summarizing key developments in polarimetric SAR 

data processing, SOFMs, and other denoising 

techniques. To comprehend the significance of 

denoising polarimetric SAR data, it's essential to 

appreciate the unique characteristics of this imaging 

technology. Polarimetric SAR systems use 

microwave signals to interrogate the Earth's surface 

and capture the backscattered signals. The data 

obtained provides not only the intensity but also the 

polarization information, which can be highly 

informative for discriminating different land cover 

types, detecting changes, and monitoring 

environmental parameters. However, SAR data can 

be corrupted by several sources of noise, including 

speckle noise, atmospheric disturbances, and system-

related factors. One of the most ubiquitous issues is 

speckle noise, which manifests as a granular pattern 

in SAR images, significantly compromising their 

interpretability and subsequent analysis. Speckle 

noise arises due to the coherent nature of SAR data, 

where the returned signals can interfere 

constructively or destructively. Mitigating this noise 

while preserving essential information is a significant 

challenge in SAR data processing. Historically, 

various denoising techniques have been employed to 

improve SAR data quality. These methods can be 

broadly categorized as filters and statistical 

approaches. Filter-based techniques include the Lee 

filter, Frost filter, and refined Lee filter, among 

others. These filters attempt to suppress noise while 

preserving edges and spatial features. While they are 

effective to some extent, they often struggle to 

remove noise without blurring the details in the 

image. Statistical approaches involve modeling the 

distribution of noise in SAR data. The most common 

statistical model for speckle noise is the 

multiplicative model. This model characterizes the 

observed SAR data as the product of the true signal 

and multiplicative speckle noise. Maximum 

likelihood estimation (MLE) is frequently used to 

estimate parameters for this model and obtain a 

denoised estimate of the true signal. However, these 

approaches are computationally intensive and may 

not always yield satisfactory results, particularly in 

the presence of complex terrain and heterogeneous 

land cover. Additionally, traditional denoising 

methods do not fully leverage the spatial patterns and 

complex relationships inherent in SAR data. This 

limitation has spurred interest in machine learning 

techniques, particularly neural networks, to address 

SAR data denoising. Machine learning techniques 

have shown promise in handling SAR data denoising 

tasks. Neural networks, in particular, have gained 

traction due to their ability to capture intricate spatial 

structures and relationships in data. One subset of 

neural networks that has received attention is Self-

Organizing Feature Maps (SOFMs). SOFMs are a 

type of artificial neural network inspired by the 

human brain's capacity for self-organization and 
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pattern recognition. They are particularly well-suited 

for SAR data due to their unsupervised learning 

capability, which allows them to autonomously 

discover patterns and structures in the data. SOFMs 

can adapt to diverse spatial complexities, making 

them a valuable asset in denoising tasks. Early 

applications of SOFMs in SAR data processing 

primarily focused on classification and segmentation. 

Researchers explored the use of SOFMs to classify 

land cover types and identify objects within SAR 

images. These efforts demonstrated the capacity of 

SOFMs to reveal spatial patterns in SAR data. The 

application of SOFMs to denoise polarimetric SAR 

data is a relatively recent development. By 

considering the noise as an intrinsic component of the 

data, SOFMs have the potential to reduce noise while 

preserving critical spatial information. The 

unsupervised learning nature of SOFMs is 

particularly advantageous in the context of denoising. 

During training, SOFMs learn the spatial patterns 

present in SAR data and can capture the underlying 

characteristics. This feature enables them to adapt to 

the complexities and variations in different datasets, 

making them a robust choice for polarimetric SAR 

data denoising. Existing research has demonstrated 

the effectiveness of SOFMs in denoising tasks when 

applied to polarimetric SAR data. SOFMs have been 

used to uncover intricate spatial relationships and 

reduce speckle noise, leading to visually improved 

SAR images. However, these studies typically 

involve small datasets and limited comparisons with 

traditional denoising techniques. While SOFMs show 

promise in denoising polarimetric SAR data, several 

challenges remain. One of the significant hurdles is 

scaling the methodology to handle large and diverse 

datasets commonly encountered in real-world 

applications. Additionally, the evaluation of SOFM-

based denoising should extend to quantitative 

assessments, comparing it with conventional 

methods. The potential of deep learning techniques, 

such as convolutional neural networks (CNNs), in 

SAR data denoising also merits exploration. CNNs 

have demonstrated remarkable performance in 

various image processing tasks and may offer an 

alternative or complementary approach to SOFMs. 

Moreover, there is a need to develop open-source 

implementations of SOFM-based denoising 

methodologies, ensuring accessibility and 

reproducibility in the SAR research community. In 

conclusion, the denoising of polarimetric SAR data 

using Self-Organizing Feature Maps is a promising 

area of research. SOFMs exhibit great potential in 

preserving spatial information while reducing speckle 

noise, making them a valuable addition to the toolkit 

of SAR data processing. However, further research is 

needed to address scalability, quantitative validation, 

and comparisons with other denoising techniques, 

ultimately advancing the field and promoting the 

practical application of denoised SAR data. 

 

III. ALGORITHM 

 

Self-Organizing Feature Maps (SOFM), also known 

as Kohonen maps or self-organizing maps (SOM), 

are a type of artificial neural network designed to 

mimic the self-organizing learning process that 

occurs in the human brain. SOFMs are particularly 

useful in tasks related to data clustering, 

dimensionality reduction, and visualization. In the 

context of this project, SOFMs are employed for 

denoising polarimetric Synthetic Aperture Radar 

(SAR) data. SOFMs are a form of unsupervised 

learning, which means they do not require labeled 

training data. Unlike supervised learning, where a 

model learns from labeled examples, SOFMs identify 

patterns and structures in the data without prior class 

information. This makes them valuable for 

exploratory data analysis and feature extraction. 

SOFMs consist of a grid of neurons organized in one, 

two, or higher dimensions. Each neuron is associated 

with a weight vector of the same dimensionality as 

the input data. The grid structure mimics the 

organization of the input data and ensures that similar 

data points are represented by neighboring neurons. 

The primary mechanism of SOFMs is competitive 

learning. When exposed to input data, each neuron 

competes to become the "winning" or "best-

matching" unit (BMU). The BMU is the neuron 

whose weight vector is most similar to the input data 

point. Similarity is often measured using the 

Euclidean distance or other distance metrics. SOFMs 

also introduce the concept of topological ordering. 

Neighboring neurons in the grid are structurally 

related to each other, meaning they represent similar 

features. This topological organization allows 

SOFMs to capture spatial relationships and 

correlations within the data. The training process for 

SOFMs involves iteratively presenting data to the 
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network and updating the neuron weights. SOFMs 

are often used for clustering and data visualization. 

The trained SOFM clusters similar data points 

together, and the topological ordering provides a 

visual representation of data structure. This property 

can be leveraged for various tasks, including 

denoising and feature extraction in SAR data. In the 

context of denoising polarimetric SAR data, the 

SOFM is trained to capture the underlying patterns 

and structures present in the noisy data. By replacing 

noisy data points with the information from the 

BMU, SOFMs effectively reduce noise while 

preserving essential features in the data. The SOFM's 

ability to recognize spatial correlations and organize 

data in a topologically meaningful way makes it a 

promising tool for improving the quality of 

polarimetric SAR data, which can have significant 

implications for a range of Earth observation 

applications. 

 
Fig. 1. Illustration of the proposed Self-Organizing 

Feature Maps (SOFM) 

 

IV. METHODOLOGY 

 

The methodology employed in this research project 

focuses on denoising polarimetric Synthetic Aperture 

Radar (SAR) data using Self-Organizing Feature 

Maps (SOFM). This approach involves a multi-step 

process aimed at reducing noise in SAR images while 

preserving critical information. The methodology can 

be outlined as follows: The journey begins with data 

preprocessing, an essential phase that prepares the 

raw polarimetric SAR data for SOFM-based 

denoising. Preprocessing typically encompasses two 

key tasks: normalization and reshaping. 

Normalization is employed to scale pixel values to a 

standardized range, typically between 0 and 1, 

ensuring consistent feature extraction. Meanwhile, 

reshaping transforms the data into a format suitable 

for SOFM training. In the case of polarimetric SAR 

data, reshaping involves organizing the information 

into a matrix or tensor structure compatible with the 

SOFM. Once the data is adequately preprocessed, the 

SOFM network is initialized. The grid structure is 

designed, specifying the number of rows and 

columns, mimicking the organization of the input 

data. SOFM neurons are associated with weight 

vectors, and these weight vectors are initialized with 

random values. The grid structure and weight 

initialization lay the foundation for the learning 

process. The heart of the methodology is SOFM 

training. This phase is responsible for refining the 

weight vectors to match the characteristics of the 

input data. The training algorithm can be divided into 

several crucial steps: sample selection, Best-

Matching Unit (BMU) determination, and weight 

updates. Training samples are randomly selected 

from the preprocessed data. The BMU is identified 

by computing the Euclidean distances between the 

sample and the weight vectors. The BMU's weight, 

along with its neighboring neurons, is adjusted 

iteratively based on a learning rate and a 

neighborhood function. This process continues for a 

specified number of iterations, allowing the SOFM to 

learn the underlying data structure effectively. 

Following successful training, the trained SOFM is 

deployed to denoise the entire polarimetric SAR 

image. The procedure involves iterating over each 

pixel in the image, identifying the BMU associated 

with that pixel, and replacing the noisy pixel value 

with the information contained in the weight vector 

of the BMU. This step-by-step process eliminates 

noise while preserving the critical features of the 

data. This methodology leverages SOFM's 

remarkable ability to recognize intricate patterns and 

spatial relationships within data, making it a potent 

tool for polarimetric SAR data denoising. The quality 

of the denoised data is notably dependent on the 

appropriate selection of parameters and 

hyperparameters used in the training process, an 

aspect vital for achieving optimal results. 
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Fig. 2.  The Proposed System Model 

 

V. RESULTS 

 

The results of this project, which focused on 

denoising polarimetric Synthetic Aperture Radar 

(SAR) data using Self-Organizing Feature Maps 

(SOFM), are highly promising and demonstrate the 

efficacy of this innovative approach.One of the key 

findings of this research is the substantial reduction 

in noise achieved through the SOFM-based denoising 

technique. The denoised polarimetric SAR images 

consistently exhibited improved clarity and 

coherence. This noise reduction is particularly critical 

in SAR data, as it enhances the interpretability and 

utility of the data for various Earth observation 

applications. The reduction of noise artifacts 

originating from atmospheric conditions and other 

sources significantly contributes to the improved 

quality of SAR data.Additionally, the project 

highlighted the significance of parameter selection in 

the SOFM training process. The choice of 

parameters, including the learning rate, neighborhood 

radius, and the number of training iterations, emerged 

as a crucial factor in optimizing the denoising 

performance. This parameter sensitivity analysis 

provided valuable insights into the fine-tuning of 

SOFM parameters to achieve the best results for 

specific datasets and conditions.The sensitivity and 

uncertainty analysis conducted as part of the research 

also demonstrated the robustness of the SOFM-based 

denoising approach. It showed that the technique can 

adapt effectively to diverse polarimetric SAR 

datasets and various noise conditions. This 

adaptability enhances the practical applicability of 

the approach in real-world Earth observation 

scenarios.Furthermore, comparative studies with 

traditional denoising techniques, such as median 

filtering, Lee filtering, and Gaussian filtering, 

consistently revealed the superiority of SOFM in 

noise reduction while preserving crucial features and 

patterns within the SAR data. These results establish 

SOFM as a state-of-the-art approach for denoising 

polarimetric SAR data. Overall, the project's results 

confirm the effectiveness, reliability, and practical 

applicability of the SOFM-based denoising 

methodology for polarimetric SAR data. These 

findings hold great promise for a wide array of Earth 

observation applications, where high-quality SAR 

data is indispensable for informed decision-making, 

scientific research, and monitoring of the Earth's 

dynamic processes. 

 

 
 

Fig. 3.Output Denoined and All Filter Image 

 

CONCLUSION 

 

In summary, the research project has demonstrated 

the effectiveness of the SOFM-based denoising 

technique in significantly improving the quality of 

polarimetric SAR data. This improvement is of 

paramount importance in the context of various Earth 

observation applications, as it enhances the 

interpretability and reliability of SAR images. The 

project's comprehensive approach, including an in-

depth sensitivity and uncertainty analysis, has 
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highlighted the technique's robustness and 

adaptability to different datasets and noise conditions. 

Comparative evaluations against traditional denoising 

methods, such as median filtering, Lee filtering, and 

Gaussian filtering, have showcased the superiority of 

the SOFM approach in noise reduction while 

preserving crucial features. This not only positions 

SOFM as a cutting-edge solution for SAR data 

denoising but also underlines its potential to advance 

remote sensing applications. The outcomes of this 

research not only benefit experts in the field of 

remote sensing but also extend to a broader audience, 

including decision-makers involved in agriculture, 

forestry, urban planning, and disaster management. 

By providing high-quality SAR data, this project 

contributes to more informed decision-making 

processes and facilitates the extraction of meaningful 

insights from SAR imagery. As the project 

concludes, it emphasizes the essential role of noise 

reduction techniques in SAR data processing and 

underscores the applicability and efficiency of SOFM 

as a denoising tool. This research significantly 

contributes to the ongoing efforts to harness the full 

potential of SAR technology in understanding and 

monitoring our ever-changing Earth. 
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