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Abstract: The classification of remotely sensed data on 
thematic map is a challenging task from very long time and it is 
also a goal of today’s remote sensing because of complexity level 

of earth surface and selection of suitable classification technique. 
Hence selection of best classification technique in remote sensing 
will give better result. Classification of remotely sensed data is an 
important task within the domain of remote sensing and it is 
outlined as processing technique that uses a systematic approach 
to group the pixels into different classes. In this study, we have 
classified the multispectral data of Udupi district, Karnataka, 
India using different classifier including Support Vector Machine 
(SVM), Maximum Likelihood, Minimum Distance and 
Mahalanobis Distance classifier. The data of dimension 
3980x3201 pixels are collected from a Landsat-3 satellite. 
Performance of the each classifier is compared by conducting 
accuracy assessment test and Kappa analysis. The obtained results 
shows that SVM will give accuracy of 95.35% and kappa value of 
0.9408 respectively when compared other classifier, hence 
effectiveness of SVM is a good choice for classifying remotely 
sensed data. 

Keywords: Remote Sensing, Support Vector Machines, 
Pixel-based, Multispectral data. 

I. INTRODUCTION 

Remote Sensing (RS) is a technique for utilizing sensors or 
cameras at satellite stage to get a data about the earth surface. 
The classification of remotely sensed data for land cover 
application is the important task in remote sensing [1] [4]. 
Land cover classification is most useful in the fields of land 
resource planning, studies of environmental change, and 
Layout planning of cities. Normally selection of best 
classifier should be able classify the pixel into appropriate 
land cover classes and proper determination of the obtained 
training samples in to appropriate classes is ends up with the 
identification of the object in extracted information 
(knowledge) from RS data [2].  
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From the last few decades, the majority of the remote 
sensing work has been carried out only on the natural 
atmosphere because of the medium and very low resolution 
images. Today, due to the advancements in technology of 
hardware and software, processing and classification of 
remotely sensed data is great interest among the RS 
community. The objective of this research work is to study an 
image classification technique that provides higher accuracy 
compared to conventional strategies. The overall 
classification accuracy can be increased by selecting suitable 
classification technique and using a multiple number of 
features from remotely sensed data. In broad classification 
technique may be classified into supervised and 
unsupervised, or parametric and non-parametric, or hard and 
soft (Fuzzy), or pixel and per field classification [3]. Non 
parametric classifiers such as decision tree classifier, neural 
network classifiers and fuzzy classifiers are very much 
essential classifier for multisource image classification. 
Maximum Likelihood Classification (MLC) and Artificial 
Neural Network (ANN) are frequently used classification for 
remotely sensed data but, there is some limitation in this 
classifier.  Local minima and over fitting are the issues of 
ANN and required of large training samples for classification 
is the issue of MLC. Therefore, Support Vector Machines 
(SVM) is an explicit interest to choose as a classification 
technique for remote sensing application. The use of Support 
Vector Machines principle was increased from the last few 
years and this principle also extended to remotely sensed 
image classification, it has gained a major credit in 
applications of remote sensing [1] [4]. Hence, this work 
examines the quality of the classification issues wherever 
there is a requirement for extremely reliable and correct 
classification systems and algorithms. 

II. OVERVIEW OF CLASSIFICATION METHODS 

Multispectral image classification is one amongst the 
stringent method within the field of remote sensing image 
classification. Remotely sensed images generally engross a 
pixel element (picture element) having its characteristics 
recorded over many spectral channels. The output of a 
multispectral classification system could be a thematic map 
during which every pixel within the original image has been 
categorized into one amongst varied spectral categories. The 
key steps of image classification embrace (1) Defining an 
suitable classification system, (2) choosing, training samples, 
(3) image pre-processing, (4) post- classification process, and 
(5) accuracy assessment. The study space, classifier, and 
analyst’s skills of user’s are important factors that influence 

design of classification procedure and the quality of the 
classification result. The different classifier consider for this 
research work are discussed below.  
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A. Minimum Distance Classifier 

The minimum distance classifier is used to classify the 
remotely sensed data into different classes. It requires to find 
the mean value of the each class called centroid, then 
compute Euclidean distance between the mean value of the 
classes and the unknown image pixel value. The pixel will be 
allocated to the corresponding classes based on the shortest 
distance between them. Implementation of this classifier is 
computationally simple and easy to use. The result of this 
classifier can be compared with computationally complex 
classifier to analyse its performance.  Let us consider two 
unknown points a, b and applying the minimum distance 
classification between two points using Euclidean distance 
calculation is discussed below [8]. 

The computation of the Euclidean distance between two 
points is described in (1) 

   
(1) 
 

where µck and µcl are the mean vectors of class c measured in 
bands k and l.  

 
The Euclidean distance calculation from point a to the 

class 1 mean in bands 4 and 5 measured is described in (2). 
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The distance from mean of class 2 to the point ‘a’ in 

these same two bands would be as in (3). 
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Subscript c in (1) increment from 1 to 2. Shortest 

distance can be determined by calculating Euclidean distance 
from point ‘a’ to the mean of all classes. 
 

B. Maximum Likelihood Classifier 

Maximum likelihood classification method works based 
on the principle of the pixels in each class training samples 
distributed in the multidimensional space. This classification 
method makes use of the mean and variance covariance of the 
class when assigning each pixel into one of the classes. A 
pixel is classified into the corresponding class when it 
maximum likelihood to that class. The probability function is 
the decision rule used in the maximum likelihood classifier 
[6].  

The computed probability density functions for class wi 
is described in (4). 
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Brightness value of x-axis is denoted by x, mean value of 

the training class is denoted by î , variance measurement of 

the class is denoted by
2

ˆ i . 

 

If the remotely sensed training data contains n number of 
bands for the classes of interest, then n-dimensional 
multivariate normal density function is described using (5) 
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   (5)                  

Determinant of the covariance matrix is denoted by || iV , 

inverse of the covariance matrix denoted by 
1−

iV , transpose 

of the vector ( )iMX −  is represented by ( )TiMX − , Mi 

denotes mean vectors and Vi  denotes covariance matrix of 
each classes calculated from training data. 

 

C. Mahalanobis Distance Classifier 

Mahalanobis Distance Classifier works similar to 
Minimum Distance Classification method to classify the data 
into different classes. In case of  minimum distance classifier, 
need not find the covariance matrix for classification but it 
requires to obtain the covariance matrix in mahalanobis 
distance classifier [9]. Mahalanobis Distance Classifier is 
described in (6). 

1( ) ( ) ( )T
MD x x S x −= − −               (6) 

Where x is the multivariate vector 1 2 3( , , ,..., , )T
Nx x x x x= , µ 

is the mean 1 2 3( , , ,..., , )T
N    = , and S is the 

covariance matrix 

D. Support Vector Machine 

Support Vector Machines (SVM) are one of the interesting 
classification technique supported by kernel ways that have 
been well-tried terribly effective in determination of 
complicated classification issues in various application 
domains. The use of Support Vector Machines principle has 
increased from the last few years and this principle also 
extended to remotely sensed image classification, it has 
gained a major credit in applications of remote sensing. The 
scientist Gualtieri was the first to utilize SVM principle to 
classification of remotely sensed images later, many 
investigators that evaluate the theoretical properties and the 
performances of support vector machines by applying to 
different types of classification issues. The effectiveness of 
SVM is excellent when compared with traditional classifiers 
because which gives better classification result and overall 
accuracy by using the structural risk minimization principle. 
The SVM principle will effectively resolve the issues of 
classification in non-linear separable by dividing the data into 
large dimensional area and separate with linear function.  
The aim of Support Vector Machine is separating the 
information with hyperplane and increasing the boundaries of 
non-linear hyperplane using kernel principle [5]. SVM tends 
to see that the goal is to properly classify all the data.   
 
 
 

( ) ( )
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SVM is described by using following mathematical 
expressions,  
 

                                                                              (7)                                                                                                                              
 
 

 
Overall accuracy of the SVM classification will be 

depending on the selection of hyperplane. The hyperplane 
which gives maximum margin between the data set is the best 
solution for classification data.                 
                         

     
Fig. 1.  SVM Principle of Operation [5]. 

III. STUDY AREA 

The multispectral remotely sensed data consider for this 
study is area around the Udupi district. The collected data is 
the area between the points 13o 96’N 74o 43’E / 13o 97’N 

75o21’E is shown in Fig. 2. The dimension of obtained data 
contains space of 3980x3201 pixels. The study area has 
combination of different classes with several features of land 
cover. 
 

 
Fig. 2. Study Area 

IV. RESULTS AND DISCUSSION 

To evaluate the accuracy assessment of different classifier, 
nine classes have been considered they are Ghats, Barren 
Land, Shallow Sea Water, River Water, Fields, Salt 
Reservoir, Submerged Land, Light Vegetation, and Sea 
Water. Assigned colors for each class are given in Table-1. 

 
 

 

 

 

Table- 1: Colors Assigned For Each Class 

SL. 
No. 

Classes Assigned 
Colour 

1 Ghats Green 

2 Barren Land Yellow 

3 Shallow Sea Water Aquamarine 

4 River Water Black 

5 Fields Coral 

6 Salt Reservoir Orchid 

7 Submerged Land Maroon 

8 Light Vegetation Sea Green 

9 Deep Sea Water Blue 

 
The results of any classification process must be 

quantitatively assessed in order to determine its accuracy. In 
RS data analysis, in order to express the degree of correctness 
of classification the term accuracy is used. The error in 
classification refers to some variation observed between the 
situations expressed in a thematic map to the real world. The 
accuracy assessment involves comparison of an area on a 
map against the reference information (ground truth) of the 
same area. Assumption made is that, the reference data is 
correct. The reference data are also called test data or validate 
data. Image classification is incomplete unless an accuracy 
assessment is performed on the classified image to quantify 
the performance of the algorithm. The most commonly 
employed traditional accuracy measures are Overall 
Classification Accuracy (OCA) and the Kappa statistics 
computed from the error matrix. The accuracy analysis also 
considers the accuracy of each class, measured as producer’s 

accuracy and user’s accuracy. Statistical analysis is also 

carried out for classes and layers. For statistical analysis, 
mean and standard deviations are considered. The dataset 
subjected for classification belongs to the area surrounding 
Udupi district. Once classification is performed, an error 
matrix is generated which gives the description about the 
classification performance. Since qualitative (visual) analysis 
cannot identify the image with the best classification 
accuracy, hence accuracy assessment is to be carried out. 
Accuracy assessment was carried out in ERDAS IMAGINE 
v9.1 RS image processing software. Accuracy assessment 
was carried out considering different sets of points 
(validation points) on the classified data image and for each 
set of data, overall classification accuracy and Kappa 
statistics are calculated. As the numbers of validation points 
considered in the RS data for accuracy assessment changes, 
overall classification accuracy as well as the Kappa value 
changes. Table- 2 indicate the average values of both overall 
classification accuracy (OCA) and Kappa statistics of 
different classification methods.  
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Table -2 Comparison of Different Classifier 
Classification 

Method 
Overall 

Classification 
Accuracy 

Overall Kappa 
Statistics 

Maximum 
Likelihood  

91.78% 0.8188 

Minimum 
Distance  

88.43% 0.7805 

Mahalanobis 
Distance  

92.19% 0.8763 

Support Vector 
Machine 

95.35% 0.9408 

 
The results of Maximum Likelihood Classifier for 9 classes 
per pixel are shown in Fig. 3. Area of each class colour shown 
as per the Table-1 
 

 
Fig. 3. Classified Image of Maximum Likelihood 

Classifier 
 
The results of Minimum Distance Classifier for 9 classes 

per pixel are shown in Fig. 4. Area of each class colour shown 
as per the Table-1 
 

 
Fig. 4. Classified Image of Minimum Distance 

Classifier 

The results of Mahalanobis Distance Classifier for 9 
classes per pixel are shown in Fig. 5. Area of each class 
colour shown as per the Table-1 

 

 
Fig. 5. Classified Image of Mahalanobis Distance 

Classifier 

 
The results of Support Vector Machine for 9 classes per pixel 
are shown in Fig. 6. Area of each class colour shown as per 
the Table-1 

 

 

Fig. 6. Classified Image of Support Vector Machine 
 

The Fig. 7 to Fig. 14 indicates the Gray scale images of 
each class in classified image. The bright pixels indicate area 
covered by corresponding class. 

 

 
Fig. 7. Area of Ghats. 

 

 
Fig. 8.  Area of Barren Land. 
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Fig. 9. Area of Shallow Sea Water. 

 

 
Fig. 9.  Area of River Water. 

 

 
Fig.10.  Area of Fields. 

 

 
Fig. 11.  Area of Salt Reservoir. 

 

 
Fig. 12.  Area of Submerged Land. 

 

 
Fig. 13.  Area of Light Vegetation. 

 

 
Fig. 14.  Area of Deep Sea Water. 

V. CONCLUSION 

In this paper performance of various classifiers were studied 
in the field of remote sensing. The study area consider for this 
work is surroundings of Udupi district, Karnataka state, 
India. Study area around the region is well cultivated and 
thickly vegetated, hence it is great interest to classify the 
obtained data.  The land region contains water bodies, land 
and tree cover crop. The water body contains both Arabian 
Sea and rivers. This research work is to analyze the 
performance of the different classifiers in the field of remote 
sensing by classifying the multispectral remotely sensed data.  
The obtained results of this work helps in choosing the 
appropriate classification method in the field of remote 
sensing.  This study shows that SVM is a best choice in 
remote sensing field to classify the remotely sensed data. 

ACKNOWLEDGMENT 

This research was supported by Visvesvaraya Technological 
University, Jnana sangama, Belagavi-590018 for grant of 
financial assistance. 

REFERENCES 

1.   Mahendra H N, Shivakumar B R, and Praveen J, Pixel-based 
Classification of Multispectral Remotely Sensed Data Using Support 
Vector Machine Classifier, International Journal Of Innovative 
Research In Electrical, Electronics, Instrumentation And Control 
Engineering, Vol. 3, Special Issue 1, pp. 94-98, 2015.  .  

2.    Jwan Al-Doski, Shattri B. Mansor1 and H Z M Shafri, Image 
Classification in Remote Sensing, Journal of Environment and Earth 
Science, Vol. 3, No.10, pp. 141-147, 2013. 

3.     Pooja Kamavisda, Sonam Saluja, and Sonu Agrawal, “A Survey on 

Image Classification Approaches and Techniques”, International 
Journal of Advanced Research in Computer and Communication 
Engineering, Vol. 2, Issue 1, pp. 105-109, 2013. 

 
 
 
 
 

http://www.ijeat.org/


 
Performance Analysis of Different Classifier for Remote Sensing Application 

7158 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Retrieval Number: A1879109119/2019©BEIESP 
DOI: 10.35940/ijeat.A1879.109119 
Journal Website: www.ijeat.org 

 

 
 

 
 
 

 

 

4.     D. Lu and Q. Weng, A survey of image classification methods and 
techniques for improving classification performance, International 
Journal of Remote Sensing, Vol. 28, No. 5, pp. 823-870,  2007, 

5.     Gualtieri, J. A., and Cromp, R. F, Support vector machines for 
hyperspectral remote sensing classification, Proceedings of the 27th 
AIPR Workshop: Advances in Computer Assisted Recognition, 
Washington, pp. 221–232, 1998. 

6.    Asmala Ahmad and Shaun Quegan, Analysis of Maximum Likelihood 
Classification on Multispectral Data, Applied Mathematical Sciences, 
Vol. 6, No. 129, pp. 6425 – 6436, 2012. 

7.     Claudio Persello and Lorenzo Bruzzone, A Novel Protocol for 
Accuracy Assessment in Classification of Very High resolution Images, 
IEEE transaction on Geoscience and Remote Sensing, Vol. 48, No. 3, 
pp. 1232 – 1244, 2010. 

8.    G. Wacker and D. A. Landgrebe,  Minimum Distance Classification in 
Remote Sensing, LARS Technical Reports, pp. 1-27, 1971. 

9.     Umair Khan, Nasru Minallah, Ahmad Junaid, Kashaf Gul, and Nasir 
Ahmad, Parallelepiped and Mahalanobis Distance based Classification 
for forestry identification in Pakistan, IEEE International Conference 
on Emerging Technologiesm 2015. 

AUTHORS PROFILE 

 
Mahendra H N is currently working as an Assistant 
Professor in Department of Electronics and 
Communication Engineering at JSS Academy of 
Techinical Education, Bangalore. He completed his 
M.Tech degree in Digital Electronics and 
Communication at NMAMIT, Nitte, affiliated to 
Visvesavaraya Technological University Belgavi and 
currently he is pursuing Ph.D from Visvesavaraya 

Technological University Belgavi. He has more than nine years of teaching 
experience and his research areas are Remote Sensing, Processing and 
Classification of remotely sensed data. His research work has been published 
in many national and international journals. 
 

 Dr. Mallikarjunaswamy S N is currently working as an 
Associate Professor in Department of Electronics and 
Communication Engineering at JSS Academy of 
Techinical Education, Bangalore. He obtained his B.E 
degree in Telecommunication Engineering from 
Visvesavaraya Technological University Belgavi in 
2008, M. Tech degree from Visvesavaraya 

Technological University Belgavi in 2010 and was 
awarded Ph. D from Jain University in 2015.He  has 9+ years of teaching 
experience. He has gained him technical knowledge by attending workshops 
and conferences. His research work has been published in more than 26 
national and international journals. He received funding of 70.62 lakhs from 
different funding agencies. Currently guiding five research scholars in 
Visvesavaraya Technological University Belgavi 
 

 
Rekha V completed her B.E and M. Tech in Computer 

Science and Engineering from Visvesavaraya 
Technological University Belgavi. She has more than 14 
years of teaching experience. Published many papers in 
national and international conference and currently 
working as an Assistant Professor in Christ University.  

 
 

    Pushpalatha V completed her B.E in Computer 
Science and Engineering at GSSSIETW, Mysore and M. 
Tech in Computer Science and Engineering at NMAMIT, 
Nitte. Area of interest are cloud computing, network 
security and artificial intelligence. Published few papers 
in national and international conference and currently 
working as an Assistant Professor in MYCEM, Mysore.  
 

 
 

Sharmila N completed her B.E in EEE at SJCE, Mysore 
and M. Tech in CAID at NIE Mysore. Secured second 
rank in Bachelor of Engineering degree. She has Six 
years of experience in teaching and currently working as 
an Assistant Professor in RNSIT, Bangalore.  
 

http://www.ijeat.org/

