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Abstract— Hyperspectral imaging otherwise called imaging 

spectrometry is a spectral sensing technique where objects 

are captured using various optical bands in broad spectral 

range. There are plenty of spectral information available in 

hyperspectral images to analyze and distinguish spectrally 

unique materials that gives more factual and detailed 

information extraction. These are further categorized into 

various land cover areas using different algorithms .It is 

used to differentiate materials that are spectrally similar. 

These images are also used to classify the defining factor of 
each land cover area such as minerals, soil and vegetation 

type. When the hyperspectral images are remotely sensed 

they can be used to analyze the images in depth in various 

areas. This technology is considered as a reliable technology 

for detection and identification. Land cover contains 

ecological description about a ground. Using remote sensing 

concept, parameters such as area, crop state and yield can be 

considered. In today’s technology, land based hyperspectral 

imaging is gaining immense interest in applications such as 

food inspection, forensic science, military and medical 

surgery. This project mainly focuses on fundamentals of 
hyperspectral image analysis and its modern applications in 

agriculture. The land area has been separated in the images 

using k-means algorithm. It is a useful baseline for further 

researches in hyperspectral image analysis. 
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I. INTRODUCTION 

A. Objective 

In this project, with the help of satellite image processing 

the land area has been detected in the image by applying k-

means algorithm. 

1) Overview of the system 

Hyper spectral image processing is a trending technology in 

remote sensing and other applications. It can easily classify 

spectrally similar materials. The information, which are not 

obtained by multispectral images, can be easily computed by 

hyperspectral images by collecting information over the 
bands to detect a large range of materials. Hyperspectral 

images helps in defining the components of land cover 

category such as minerals, soil and vegetation type. 

Hyperspectral sensing technique helps in deep analysis of 

images in various land cover areas.  

The main objective of this project is to analyze a 

satellite image of a particular area and predict whether the 

land area is suitable for agriculture or not, using 

hyperspectral remote sensing concept. Since Hyperspectral 

images have much narrower bands they help in deep and 

precise analysis of land area. The goal of hyperspectral 

imaging is to obtain the spectrum for each pixel in the image 

of a scene, with the purpose of finding objects, identifying 

materials, or detecting processes. 

B. Hyperspectral Imaging 

Hyper spectral images are portrayed by their spatial also 
spectral resolution. The spatial resolution quantifies the 

geometric relationship of the picture pixels to one another 

while the spectral resolution decides the varieties inside 

picture pixels as an element of wavelength. A hyper spectral 

picture has two spatial measurements (Sx and Sy) and one 

spectral measurement (Sλ). The hyper spectral images can 

be categorized based on various resolutions. 

C. Types of Resolution 

1) Spatial resolution 

Spatial goals can be characterized as the smallest detectable 

detail in a picture, which can be portrayed as the proportion 

of the smallest item in a picture that can be recognized as a 

different element in the picture. In practical circumstances 

clearness of the picture is directed by it spatial goals, not the 

quantity of pixels in a picture. Spatial qualities of a picture 

rely upon the structure of the imaging sensor as far as its 

field of view and its height. A limited fix of the ground is 
caught by every identifier in a remote imaging sensor. 

Spatial resolution is conversely relative to the fix size. 

Smaller the size of the resolution, higher the details that can 

be deciphered from the image. 

2) Spectral resolution 

Spectral resolution can be characterized as the quantity of 

the number of groups and the scope of the electromagnetic 

range estimated by the sensor. An imaging sensor may react 

to an enormous recurrence run yet at the same time have a 

low spectral resolution in the event that it gains few spectral 

groups. Despite what might be expected, if a sensor is 
touchy to little recurrence extend yet catches an enormous 

number of spectral bands has high spectral goals, because of 

its capacity to recognize components having close or 

comparative spectral signatures. Multispectral pictures have 

low spectral resolution, in this manner incapable to 

determine better spectral signatures present in the image. 

HSI sensors obtain pictures in various adjacent and very 

restricted groups in mid-infrared, close infrared and 

noticeable portions of the electromagnetic range. This sort 

of advance imaging framework shows colossal potential for 

material distinguishing proof based on their exceptional 

phantom marks. Range of a solitary pixel in a hyper spectral 
picture can give significantly more data about the surface of 

the material than a typical picture. 

3) Temporal resolution 

In hyper spectral remote sensing, the temporal resolution 

relies upon the orbital qualities of the imaging sensor. It is 

commonly characterized as the time required by the sensor 

stage to return to and get information from the same area. 
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Temporal resolution is said to be high if the returning to 

recurrence of the sensor stage for the same area high and is 

said to be low if returning to recurrence is low. It is typically 
characterized in days. 

II. LITERATURE SURVEY 

Qi Haijun and JinXiu has explained the concepts based on 

hyperspectral imaging in their paper. At first, a set of HIS 

system was established to gather both spectral and spatial 

information from sandy soil samples. The various 

algorithms used are Principal Component Analysis 

transformation, K-means clustering and several other image 
processing methods were achieved to obtain Region of 

Interest of soil samples from the original HIS data. 

The authors, ShengyaoJia, and Qing Lil in their 

paper had determined that the k-means clustering was useful 

to study the characteristic features for soil type analysis and 

HSI technique could be useful for determination of soil 

texture. 

Savita P.Sabale andChhayaR.Jadhav has explained 

about different classifications available in remote sensing 

hyperspectral concept in their paper. 

Liping Wang and Chao Ma in their paper clearly 
explained about the semi-supervised method of classifying 

hyperspectral remote sensing images. This helps to improve 

land cover assessment and basic theories of fine land cover 

assessment and the parameters of validation images are also 

included in this paper. 

Karim Ennouri and Abdelaziz explained the 

advantages of remote sensing as it provides information 

frequently and in an inexpensive way. The spatial and 

temporal permanent record cover of the globe are provided 

by satellite structures. 

The authors, Megandhren Govende and K.Chetty 

had explained that this study helps in multispectral data 
identification of wavelengths which discriminate Eucalyptus 

grandis and Saccharum using the Hyperion hyperspectral 

data and probe Chris.  

Rojalin Tripathy in his paper has stated that 

hyperspectral remote sensing technology is the best 

alternative for soil testing in fast and non-invasive manner. 

Though there are several challenges and complexities, it is 

seen that the hyperspectral data may be used for soil health 

monitoring in the future processes. 

III. PROPOSED SYSTEM 

The land area detection and soil type classification has been 

done through efficient analysis by pre-processing the 

satellite images and clustering them using K-means 

algorithm. The results of the various land areas has been 

saved in an excel sheet and it can be used as a dataset for 

future reference. 

 
Fig. 1: Flow chart 

A. Image Acquisition 

The first stage of image processing is the image acquisition 

stage. After the picture has been taken, different strategies 

for handling can be applied to the picture to play out the 

numerous vision assignments required for the image. The 

image acquisition obtaining is the making of a carefully 

encoded representation of the visual attributes of an object, 

for example, a physical scene, or the inside structure of an 

item. The term is frequently expected to suggest or 

incorporate the processing, compression, storage, printing, 

and display of such images.  

B. Pre-Processing of Images 

Pre-processing is a typical name for operations with images 

at the most minimal degree of reflection. It includes both 

input and output images. These images are of a similar kind 

as the first information caught by the sensor, with an image 
is generally taken by a lattice of picture work esteems 

(splendor). The point of pre-processing is an improvement 

of the picture information that stifles reluctant mutilations or 

upgrades some picture highlights significant for additional 

preparing, albeit geometric changes of pictures (for example 

turn, scaling, interpretation) are grouped among pre-

handling strategies here since comparative systems are 

utilized. Picture pre-handling strategies are grouped into 

four classes as indicated by the size of the pixel 

neighborhood that is utilized for the estimation of another 

pixel splendor. Picture pre-handling techniques utilize the 

extensive excess in pictures.  Neighboring pixels comparing 
to one item in the images having basically the equivalent or 

comparative splendor esteem, so if a mutilated pixel has 

been chosen from the picture, it can be reestablished as a 

normal benefit of neighboring pixels. 

C. Clustering of Images for Land Area Segregation 

The land area segregation and the soil type classification 
from the satellite image has been performed using k-means 

clustering algorithm. There are various strategies to 

segregate an image and one of the most well-known 

techniques is the K-Means grouping algorithm. K-means 
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algorithm is an iterative calculation that attempts to partition 

the dataset into K pre-characterized particular non-covering 

subgroups (bunches), where every data point has a place 
with just one group. It aims to make the data focus as same 

as possible while also keeping the clusters as far as possible. 

It allocates information focuses to a group with the end goal 

that the entirety of the squared separation between the 

information focuses and the cluster's centroid is at the base.  

K-Means clustering algorithm is an unsupervised 

algorithm and it is utilized to portion the intrigue territory 

from the foundation. It groups, or parcels within the given 

information into K-bunches or parts dependent on the K-

centroids. The calculation are utilized when you have 

unlabeled information (for example information without 

characterized classifications or gatherings). The objective is 
to discover certain gatherings dependent on comparability in 

the information with the quantity of clusters by K. 

D. Steps in K-means algorithm: 

1) Choose and specify the number of clusters K. 

2) Initialize the centroids and randomly select K data 
points for the centroid. 

3) Keep processing and assign each data point to the 

centroid that forms K clusters. 

4) Compute the sum of the squared distance and place the 

centroid of each cluster. 

5) Assign the centroids for the clusters and take the 

average of all the data points. 

This algorithm aims at reducing the objective function of a 

squared error function. The equation is as follows 

 

where,  is the distance between the 

data point and the center of the cluster or the centroid. 

The cluster should be further merged to obtain a 

segregated   land image, for that the equation is  

 
where, 

Qk is number of digital levels per quantised level in the 

spectral dimension   

NPa is the average cluster size in the input classified image 

(prior to cluster merging); 

Nk is the number of spectral bands. 

E. Analysis of Identified Land Area 

The identified land can be analysed on the basis of three 

factors namely land area calculation, pH and humidity 

analysis from the spectrum. The land area is calculated 

based on bias, DIV, Entropy, ERGAS and RMSE values. 

When these values attain a certain limit, it can be said that 

the land area is suitable for agriculture. Salinity and pH are 

the two main factors that should be considered when 

analysing a land area. The data from the land area is 

obtained and it is processed using Matlab. The results show 
the accuracy of pH and the humidity level in the land area. 

IV. OUTPUT DESCRIPTION 

A. Satellite image of land 

 
Fig. 1: INPUT IMAGE - 1 

The input image given is the satellite image of a land cover 

area, K-means algorithm is used to cluster the input image 

based on colors. 

 
Fig. 2: OUTPUT IMAGE - 1 

The output for the given input image is shown in 

Figure (2) where the land area is clustered based on color as 

a result of K-means algorithm. 

 
Fig. 3: INPUT IMAGE - 2 
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Fig. 4: OUTPUT IMAGE – 2.1 

 
Fig. 5: OUTPUT IMAGE – 2.2 

 
Fig. 6: OUTPUT IMAGE – 2.3 

V. CONCLUSION 

There are many remote sensing technologies among which 

the hyperspectral imagery plays a vital role in geo-

observation, identification and detection of materials and 

estimation of physical parameters. Researchers are more 
focused on usage of hyperspectral imagery in modern 

applications due to recent advancements in sensor 

technologies. The future approach is based on the 

advancement of using various algorithms. Hyperspectral 

imaging technique helps in reduction of mixed pixel 

problems as compared to other methods. This paper 

overcomes the problem of segmentation in multi-spectral 

imaging technique by efficiently using the algorithms. From 

the results, it is evident that the proposed methodology is far 

superior to other clustering based algorithms as it overcomes 

the pixel problem in hyperspectral images. 
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