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ABSTRACT -- Efficient extraction of water bodies from 

satellite imagery plays a pivotal role in various fields such 

as agriculture, fisheries, and hydrology. MATLAB serves 

as the implementation platform due to its comprehensive 

suite of image-processing tools and functions. The 

environment facilitates efficient algorithm development 

and provides a user-friendly interface for satellite 

imagery visualization and analysis. By leveraging spectral 

characteristics and spatial patterns inherent in satellite 

images, our approach aims to provide actionable insights 

into water resources management. The proposed method 

involves image processing techniques, such as image 

extraction, thresholding, image preprocessing, color 

composite, and image restoration to segment water bodies 

from surrounding land areas. The outcomes show how 

well the suggested technique works for precisely detecting 

bodies of water in satellite photos. This revised abstract 

provides a clearer overview of the methodology, 

applications, and benefits of extracting water bodies from 

satellite imagery using threshold techniques and 

MATLAB analysis. 
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I.INTRODUCTION/BACKGROUND: 

Introduction: 

Water bodies play an important role in many ecological, 

economic, and societal processes, therefore proper 

delineation is essential for effective water resource 

management and environmental monitoring. Because of its 

broad coverage, high spatial resolution, and frequent revisit 

durations, satellite imaging has developed as an effective tool 

for mapping and monitoring bodies of water. In this paper, we 

provide a thorough approach for defining water bodies using 

satellite pictures, which are implemented in the MATLAB 

environment. [2,6] Our system, which uses a combination of 

image processing techniques and spectral analysis, attempts 

to properly identify and extract water bodies from remotely 

sensed data. 

Extraction [7] of water bodies from satellite data entails 

several phases, each adapted to solve specific challenges 

associated with various environmental circumstances. We 

begin by using color composite techniques to improve the 

visibility of aquatic bodies by combining distinct spectral 

bands. This stage aids in the differentiation of water bodies 

from surrounding land cover types, establishing the 

framework for later processing. 

Image preprocessing [7] is essential for preparing satellite 

imagery for water body delineation. Various preprocessing 

techniques, such as radiometric and geometric correction, are 

used to improve image quality, minimize noise, and increase 

the contrast between water bodies and neighboring land 

features. In addition, picture restoration techniques are used 

to reduce the impacts of atmospheric distortion and sensor 

artifacts, ensuring the accuracy of subsequent analysis. 

Clustering methods are used to divide preprocessed satellite 

imagery into different regions based on spectral similarity. 

This segmentation stage separates water bodies from other 

land cover types, making it easier to delineate their 

boundaries. Furthermore, thresholding techniques are used to 

identify water pixels based on predetermined spectral 

thresholds or statistical criteria, which improves the 

extraction process. [3,7,6]  
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The use of spectral indices, such as the Normalised 

Difference Water Index (NDWI)[1,3], which takes advantage 

of water's distinctive spectral qualities to distinguish it from 

surrounding land features, improves the delineation of water 

bodies. These indices are useful for identifying water bodies 

from other materials and improving the accuracy of water 

body delineation [1, 3, 4]. 

Overall, the project seeks to advance satellite image analysis 

techniques, particularly in the context of water body 

delineation, by utilizing MATLAB [2,6] capabilities to create 

a dependable and efficient methodology with practical 

applications in environmental science and resource 

management. 

II. STUDY AREA/DATA 

A. STUDY AREA 

The southern part of India is the study area for this project. It 

summarises the key geographic aspects of India, such as its 

varied landscapes, climatic zones, and hydrological traits. 

Emphasize the role that India's water resources including its 

rivers, lakes, reservoirs, wetlands, and coastal areas play in 

sustaining human livelihoods, agriculture, and biodiversity. It 

is located close to the equator, straddling longitudes 79.42° 

and 81.88°E and latitudes 5.55°N and 9.82°N. 

 

Fig 1: Study area of the South side of India 

B. DATA 

Spectral bands in a cloud-free Landsat TM image of southern 

India Band 4: Near Infrared (0.77-0.90 μm), Band 5: Middle 

Infrared (1.55-1.75 μm), Band 1: Blue (0.45-0.52 μm), Band 

2: Green (0.52-0.60 μm), Band 3: Red (0.63-0.69 μm). The 

image's geographic coordinates are WGS 84 / UTM zone 

43N, which covers southern India, including Kerala. Its 

spatial resolution is 30 meters, and its radiometric resolution 

is 0 to 149. 

III. METHODS 

The following are the fundamental methods employed by the 

research to attain the desired outcomes.                

 

A. Extraction 

When defining water bodies, the term "extraction" [1] refers 

to the process of locating and separating water features in 

satellite or aerial photography from other land features. This 

entails employing algorithms and strategies to separate pixels 

or regions that depict water; these may include thresholding 

and spectral analysis to distinguish water bodies from the 

surrounding terrain. Depending on the unique properties of 

the water bodies being drawn, as well as the resolution and 

caliber of the available data, different extraction techniques 

may be used. This code segment helps with resource 

management and decision-making in the environmental, 

urban, and agricultural domains by facilitating the extraction 

of water bodies from satellite data. 

Fig 2: Extracted water body 

B. Color Composite 

In image processing, the term "color composite" describes the 

method of fusing several multispectral or grayscale pictures 

into one color image to improve visual analysis and 

interpretation.[5] Multiple grayscale photos, each 

representing a separate spectral band, are combined into a 

single RGB image to form a colour composite image. 

Depending on the sensor being used, each band records 

distinct details about the scene, such as flora, water, or urban 

areas. The grayscale images are given RGB channels to 

represent various colors, usually red, green, and blue, in that 

order. This enables the data to be visually interpreted, 

emphasizing different elements and processes in the scene. 

 

Fig 3: NDVI Composite and False color Composite. 
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C. Clustering 

In image processing, clustering is the process of organizing 

individual pixels or areas of images into meaningful clusters 

according to how similar they are in a feature space. It is 

frequently applied to image segmentation tasks, which group 

pixels with comparable properties to find objects or areas of 

interest within an image.[2] For this, clustering algorithms 

like as Gaussian mixture models, K-means, or hierarchical 

clustering are frequently used. Because of its ease of use and 

efficiency, K-means clustering is a well-liked unsupervised 

learning approach for picture segmentation. The number of 

clusters that are wanted is determined by the parameter k, and 

it can be changed depending on the needs of the particular 

application. Each pixel is allocated by the algorithm to one of 

the k clusters according to how comparable its spectral 

properties are. 

 

Fig 4: Clustered Image 

D. Image Preprocessing 

In the context of image processing, image preprocessing is 

the collection of methods and procedures used on 

unprocessed images prior to additional processing or analysis. 

With the use of these methods, images can be made higher-

quality, noise-free, distortion-free, and ready for further 

processing like feature extraction, object recognition, or 

categorization. [1,6] Geometrically rectified images, contrast 

enhancement, and noise reduction are a few examples of 

picture preprocessing techniques. Enhancing the quality and 

usefulness of images for upcoming analysis or processing 

activities is the aim of image preprocessing. 

 

Fig 5: Enhanced Image 

E. Image Restoration 

The process of improving an image's quality that has been 

weakened by noise, blur, or other abnormalities is known as 

image restoration[7]. [1, 4, 6, 7] This can involve restoring 

the original or a visually better version of the image using 

methods like denoising, deblurring, and sharpening.  

Depending on the type of degradation and the required quality 

of the recovered image, these methods can be used separately 

or in combination. Furthermore, each method's efficacy is 

contingent upon variables like the degree of deterioration, the 

nature of the noise, and the computational resources at hand. 

 

Fig 6: Restored Binary image 

F. Thresholding Techniques 

In image processing, thresholding is a straightforward yet 

effective method for dividing images [1, 2, 6] into areas or 

objects according to pixel intensity levels. Choosing a 

threshold value and categorizing each pixel in the image as 

foreground (object) or background (non-object) depending on 

whether its intensity value is above or below the threshold is 

the fundamental notion underlying thresholding. In image 

processing, there are various kinds of thresholding 

approaches, each with a different method for determining a 

suitable threshold value. Typical thresholding methods 

include the following 

Global Thresholding: 

When using global thresholding, one threshold value is used 

for the whole image. Foreground pixels are those whose 

intensity values are higher than the threshold; background 

pixels are those whose intensity values are lower than the 

threshold. Images with distinct foreground and background 

intensity distributions can benefit from this technique. 
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Otsu's Thresholding: 

Using Otsu's approach, an ideal threshold value is 

automatically determined by reducing the intra-class variance 

of pixel intensities. The threshold value that optimizes the 

inter-class variation between the pixels in the foreground and 

background is chosen after iteratively evaluating all potential 

threshold values. In pictures where the intensity distribution 

is bimodal, Otsu's thresholding works well. 

Adaptive Thresholding: 

Using adaptive thresholding, the threshold value is locally 

changed for various areas of the picture. Adaptive 

thresholding determines a threshold value for every pixel 

based on its immediate neighborhood, as opposed to utilizing 

a single global threshold. Images with different lighting 

conditions or unequal backdrop intensities can benefit from 

this technique. 

 

Fig 7: Global Thresholding 

 

Fig 8: Adaptive Thresholding 

 

Fig 9: Otsu’s Thresholding 

 

 

G. Agricultural Planning 

Planning for agriculture entails strategically managing 

agricultural methods and resources to maximise resilience, 

sustainability, and productivity in food production systems. 

Planning for agriculture is an essential process that includes 

methodically analyzing, creating, and putting into practice 

methods to accomplish agricultural goals. It includes a range 

of tasks intended to improve agricultural productivity, 

profitability, and environmental sustainability, such as 

resource allocation, crop selection, irrigation management, 

and land use planning [5, 7].  

finds densely vegetated areas, which may be a sign of fertile 

soil. High vegetation density areas are denoted by green 

boundaries, which are crucial for determining the fertility and 

quality of the soil.  

locates locations with high water content, which is important 

for managing water resources and irrigation plans. High-

water content zones are shown by blue edges, which help with 

irrigation scheduling and water resource distribution. 

Determines regions that are appropriate for crop selection in 

light of the water and soil conditions. 

Boundaries that are greenish-blue indicate areas that are most 

suited for crop production, which helps with educated crop 

selection decisions. 

 

Fig 10.1: Area with high Vegetation 

 

Fig 10.2: Area with High Water Content 



552                                                        JNAO Vol. 15, Issue. 1 : 2024 

 

Fig 10.3: Area Suitable for Crop Selection 

H. Fisheries 

Planning fisheries entails the strategic management of aquatic 

resources to guarantee biodiversity protection, sustainable 

fishing methods, and the socioeconomic growth of fishing 

communities. A complete process known as "fisheries 

planning" aims to manage fisheries resources and aquatic 

ecosystems in a way that promotes social fairness, economic 

viability, and ecological sustainability. It includes evaluating 

fish stocks, creating plans for managing fisheries, controlling 

fishing operations, and encouraging ethical fishing methods. 

Plotted are the segmented water bodies, the original satellite 

image, and histograms of the areas and perimeters of the 

water bodies. 

A bar graph showing the projected potential fish output for 

every body of water is also shown. 

 

Fig 11: Potential Yield of Fisheries 

I. Hydrological Planning 

The methodical process of managing water resources to 

ensure their equitable and sustainable use while reducing the 

risks associated with water-related disasters such as floods, 

droughts, and water pollution is known as hydrological 

planning [3,9]. It entails evaluating the quantity, quality, and 

demand for water as well as spotting possible conflicts and 

trade-offs between different water applications. The first step 

in hydrological planning is to evaluate the water resources in 

a certain area or watershed. This entails measuring the 

availability of surface water and groundwater, examining 

historical hydrological data, and forecasting the availability 

of water in the future based on changes in land use and 

climate projections. 

 

Fig 12.1: Potential Yield of Hydrological Planning 

 

Fig 12.2: Topographic Wetness Index 

IV. TOOLS 

Matlab 

With so many built-in functions, toolboxes, and programming 

options, Matlab is a well-known and effective image-

processing tool. A wide range of functions and toolboxes 

created especially for image processing applications are 

available in Matlab [1,4,7]. These comprise, among other 

things, feature extraction, morphological operations, 

segmentation, registration, filtering, and enhancement of 

images. The Matlab Image Processing [4] Toolbox is very 

useful as it provides a multitude of functions for effectively 

carrying out standard image processing tasks. 

V. Equations 

NDVI= (NIR-Red) / (NIR + Red) 

Input Data: 
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Band 

Number 

Wave 

Length 

(in μm) 

Name Resolution 

1 0.45-0.52  Blue 30m 

2 0.52-0.60 Green 30m 

3 0.63-0.69 Red 30m 

4 0.77-0.90 Near 

Infrared 

30m 

5 1.55-1.75 Short 

wave 

infrared 1 

30m 

 

V. CONCLUSION 

In conclusion, MATLAB image processing for the delineation 

of water bodies from satellite pictures provides a strong and 

flexible method for researching aquatic environments and 

water resource management. Using sophisticated image 

processing methods such as feature extraction, thresholding, 

clustering, and color composites, MATLAB makes it possible 

to precisely and effectively identify water bodies from 

satellite images. 

Researchers may carry out activities like picture preparation, 

segmentation, classification, and analysis in a smooth and 

integrated way by utilizing MATLAB's picture Processing 

Toolbox, which offers an extensive collection of functions 

and algorithms designed specifically for handling satellite 

imagery. Additionally, quick prototyping, testing, and 

workflow customization of image processing to fit particular 

research goals and study areas are made possible by 

MATLAB's high-level programming language and interactive 

development environment. 

The comprehension and use of water body delineation results 

are further improved by MATLAB's capabilities for data 

visualization, spatial analysis, and interaction with other 

geospatial information. Researchers can evaluate 

environmental changes, improve evidence-based decision-

making processes, and obtain a thorough understanding of the 

dynamics of water resources by integrating satellite imagery 

with supplementary data sources and hydrological models. 

All things considered, the MATLAB method for delineating 

water bodies from satellite pictures provides a sophisticated 

yet user-friendly way to analyze environmental phenomena 

and water resources at different spatial and temporal 

dimensions. MATLAB continues to be an important tool for 

researchers and practitioners who want to use remote sensing 

data to address complex water-related issues and promote 

sustainable water management practices. This is because 

satellite technology and image-processing algorithms are 

always evolving. 

VII. FUTURE SCOPE 

Water body detection has a vast future ahead of it, with the 

ability to solve a multitude of social, cultural, and economic 

issues. In conclusion, the potential applications of water body 

detection in the future are enormous and varied, fueled by 

developments in data analytics, interdisciplinary cooperation, 

and technology. More accurate, timely, and useful 

information for addressing water-related issues and 

advancing sustainable water management practices 

internationally will result from ongoing study and innovation 

in this field. 
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