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Abstract; Image classification is a complex information extraction technique. The objective of image classification is to 
identify the features occurring in an image and group similar features as clusters. The aim of this study is to compare some 
supervised image classification techniques .The techniques considered in this paper are Minimum Distance, k-Nearest 
Neighbour (KNN), Nearest Clustering Fuzzy C-Means (FCM) and Maximum Likelihood (ML) Classification algorithms. 
All the techniques are compared and analysed for best results and maximum accuracy. 
 
 
I. INTRODUCTION 
 
Classification of Satellite Images is a key component 
for various Object Recognition Systems and 
Automatic Thematic Map Generation Systems. Image 
classification is the most important part of image 
analysis, remote sensing and pattern recognition 
applications. In remote sensing, it is used to generate 
various thematic maps such as landuse maps, 
landform maps etc. In some cases, image 
classification may serve as the ultimate product while 
in other cases it can serve only as an intermediate 
step. Therefore, image classification is a significant 
tool for digital images analysis and object 
recognition. The major steps involved in image 
classification are determination of suitable 
classification system, selection of training and testing 
samples and the classification technique. Moreover, 
the selection of the appropriate classification 
technique to employ can have considerable upshot on 
the results, of whether the classification is used as an 
ultimate product or as one of numerous analytical 
procedures applied for deriving information from an 
image for additional analyses [1]. This paper is 
having six sections. Section 2 of the paper provides 
the literature survey. In section 3, overview of image 
classification algorithms is given. Section 4 describes 
the methodologies used and details of the experiment 
performed. Section 5 provides results and discussion. 
Section 6 gives the conclusion of the experiment with 
respect to accuracy, time complexity and kappa 
coefficient.  
 
II. LITERATURE SURVEY 

 
Image Classification refers to the task of extracting 
information from an image. The primary objective of 
image classification is to detect, identify and classify 
the features occurring in an image in terms of the type 
of class these features represent on the field [7]. 
Image Classification can be broadly divided into  
supervised and unsupervised. Many algorithms are 
proposed till now for image classification. It is  
 

 
difficult to analyse the best classification algorithm as 
numerous factors affect the results.   The researches 
shows that Minimum distance classifier is highly 
recommended in all image classification applications 
(Richards 1995) due to its minimum computation 
time as it depends mainly on the training data, it is 
also said that it works best in applications where 
spectral classes are dispersed in feature space and 
have similar variance. The Fuzzy C Means clustering 
algorithm has been widely used in image 
segmentation since it was proposed [2]. In 
Comparison to Hard c-means algorithm FCM is able 
to preserve more information from the original image. 
However, it is noise-sensitive as it does not take into 
account the spatial information of a pixel [2]. The 
supervised Fuzzy C means as proposed for security 
assessments provides high accuracy and less 
computational effort [8]. K-Nearest Neighbour 
provides fast, objective, transparent and produces 
good results over larger areas. The importance of 
KNN methods is its simplicity and lack of parametric 
assumptions [3]. It is different from other 
classification methods as it does not take into account 
the mean of the class pixels.  The literature of 
Maximum likelihood method describes that it needs 
long time of computation, relies heavily on a normal 
distribution of the data in each input band and tends 
to over-classify signatures with relatively large values 
in the covariance matrix [4]. However, it requires the 
least computational time amongst other supervised 
methods as the pixels that should not be unclassified 
become classified, and it does not consider class 
variability [4]. The results of supervised classification 
depend on the quality of training data. 
 
III. SUPERVISED ALGORITHMS FOR 

IMAGE CLASSIFICATION 
 
In general image classification can be grouped into 
supervised and unsupervised, or parametric and non-
parametric, or hard and soft (fuzzy) classification, or 
pixel, sub pixel and per field. Supervised 
classification process is divided into two phases: (a) 
training phase and (b) Classification phase.  In 



International Journal of Electrical, Electronics and Data Communication, ISSN: 2320-2084  Volume-1, Issue-10, Dec-2013 

 A Comparative Study Of Supervised Image Classification Algorithms For Satellite Images 
 

11 

training phase, the classification algorithm is 
provided with information to differentiate or identify 
classes uniquely. This is done by assigning a limited 
number of pixels to the respective classes they belong 
to in the particular image. The file providing this 
information is called training data file. In 
classification phase, the algorithm uses the 
information provided in training data file by looking 
for each pixel the most similar trained class and 
assign classes to each pixel. 
 
3.1 Minimum Distance Algorithm 
The Minimum Distance algorithm is a supervised 
classification method which first analyses the training 
data and calculates a mean vector for each prototype 
class, described by the class or cluster centre 
coordinates in feature space. The Minimum distance 
algorithm then determines the Euclidean distance 
from each unclassified pixel to the mean vector for 
each prototype class and assigns that pixel to the 
closest class.  
Pixels are assigned to different classes based on their 
closeness to the class mean vectors i.e.: 

xc i   iff    )()( xdxd ji   

The distance ( cxd ) of a particular pixel from 
different class mean vectors (x) is usually calculated 
using Euclidean distance: 

jicx cxd   

When spectral distance is calculated for all values of 
c, the class of the unclassified candidate pixel is 
assigned to the class with the lowest spectral distance. 
Thus no unclassified pixels are produced.  
 
3.2 K-Nearest Neighbor Algorithm 
The KNN algorithm is a method for classifying 
objects based on the closest or most similar training 
samples in the feature space. It is a form of instance-
based learning. The nearest neighbour is determined 
by the use of distance function which is given by- 

 
An object is classified by a majority vote of its 
neighbours. Unlike other supervised classification 
techniques the K-NN algorithm does not derive any 
signatures or generalization from the training data 
and thus it requires the training data in the testing 
phase which in turn increases its processing time. 
It is an extension of nearest neighbour algorithm as it 
takes into account nearest k neighbours instead of a 
single nearest neighbour to vote for the majority of 
classification for a pixel.  
 
3.3 Nearest Clustering Algorithm 
The Nearest Clustering algorithm is a supervised 
classification algorithm which takes into account the 
distance between the pixels and the mean of classes 
as the decision criteria. In this algorithm, the new 
centroids are calculated considering the minimum 

distance between the pixels and the old centroids for 
some iteration using the formula: 

 
 
3.4 Fuzzy C-Means Algorithm 
Fuzzy Clustering is a soft clustering. In Hard 
Clustering, data is divided into distinct clusters, 
where each data element belongs to only one cluster. 
In Soft Clustering, data elements can belong to more 
than one cluster and associated with each element is a 
membership level which indicates the strength that 
element with a particular cluster. Fuzzy C-means is 
an image classification algorithm which can be both 
supervised as well as unsupervised. Fuzzy clustering 
allows pixels to belong to more than one class. In this 
algorithm, membership levels are assigned to each 
pixel and then it is used to assign data elements to 
clusters. It is based on the minimization of the 
following objective function: 
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Table 1. Explanation of symbols used in formula 

 

3.5 Maximum Likelihood Algorithm 
ML is widely used in remote sensing, in which a 
pixel with the maximum likelihood is classified into 
the corresponding class. 

Lk(x)=(exp(-(x-µk)t k -1(x-µk)/2))/(2π)n/2| k |         
(2) 

where, 
Lk(x) is the likelihood membership function of x 
belonging to class k. 
x = (x1 , x2 ... xn)T is the vector of a pixel with n bands  
µk = ( µ1, µ2,.... µn)T   is the mean of the kth class 

k is the variance-covariance matrix 
Using log transformation we redefine the likelihood 
membership function as –   
Lk(x)= -(ln(2 )/2)-((ln| k |)/2)-((( x-µk)t k 1()-((( 

x-µk))/2)+ln(p(ki))                 (3) 
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k -1 is the inverse of the covariance matrix. | k | is 
the determinant of the covariance matrix 
p(ki) =(1/number of classes) 
This function finds the likelihood for each pixel for 
each class. The pixel goes to class which has highest 
likelihood for this pixel, this way classification will 
be performed [6]. 
 
IV. METHODOLOGY 

 
In current work, algorithms have been implemented 
and then tested with two data sets i.e. standard data 
set and generated data set. The training file, the 
testing file and the classification technique are given 
as input to the classification system. The block 
diagram given below shows the entire process: 

 

Figure 1: Block diagram of the system 
 
The training file consists of the prior knowledge of 
the each class in form of quantitative values and the 
testing file consists of the image pixels which are to 
be classified. The classification processing involves 
assigning pixels to specific classes on the basis of 
similarity measures. The flowchart describing the 
execution of the classification algorithms are given 
below: 

 

Figure 2: Flowchart of all the techniques used. 

The accuracy of the classification algorithms have 
been calculated using confusion matrix and kappa 
coefficient. To evaluate the performance of a 

classification method, Cihlar et al. (1998) proposed 
six criteria: accuracy, reproducibility, robustness, 
ability to fully use the information content of the data, 
uniform applicability, and objectiveness. In reality, 
no classification algorithm can satisfy all these 
requirements nor be applicable to all studies, due to 
different environmental settings and datasets used. 
Classification accuracy assessment is, however, the 
most common approach for an evaluation of 
classification performance. The confusion matrix 
approach is the one most widely used in accuracy 
assessment (Foody 2002b).  
All the algorithms have been compared for overall 
accuracy, time complexity and kappa coefficient 
values. 
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where, 
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V. RESULTS AND DISCUSSION 
 
The classification was performed on the standard 
dataset as well as generated dataset.  
 
A. For IRIS standard data - IRIS plants dataset 

have been taken from UCI repository. The data 
was divided randomly in the ratio of 30:70 to 
get the training and the testing file. This dataset 
consists of three classes and four parameters.  

For IRIS plants dataset, the confusion matrix and 
kappa coefficient for each algorithms are below: 

Confusion matrix for Minimum Distance  
Algorithm 

 

a) Confusion matrix for K-Nearest Neighbor 
Algorithm 
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b) Confusion matrix for Nearest Clustering 

Algorithm 

 
 

c) Confusion matrix for Fuzzy C-Means Algorithm 

 
d) Confusion matrix for Maximum Likelihood 

Algorithm 
 

 
e) Overall Accuracy 

 
f) Kappa Coefficient Values 

 

 
 

B. For generated dataset, four sets of training 
and testing data have been generated by 
randomly dividing dataset in the ratio of 
30:70. It consists of nine classes and three 
parameters. The classification is performed 
for each set of training and testing data. 

For generated dataset, the confusion matrix, 
kappa coefficient and time complexity for each 
algorithms are below: 

 
a) Confusion matrix for Minimum Distance 

Algorithm 

i) Set1   

 

ii) Set 2 

 

iii) Set 3

 

   iv) Set 4 

 

b) Confusion matrix for K-Nearest Neighbor 
Algorithm 
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i) Set1

 
ii) Set2

 
iii) Set3

 
iv) Set4 

 
c) Confusion matrix for Nearest Clustering     

Algorithm 

i) Set1 

 
ii) Set2 

 
iii) Set3 

 
iv) Set4 

 
d) Confusion matrix for Fuzzy C-Means Algorithm 
i) Set1 
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ii) Set2 

 
 

iii)Set3 

 
iv) Set4 

 
e) Confusion matrix for Maximum Likelihood 

Algorithm 

i) Set1 

 

ii) Set2 

 
iii) Set3 

 
iv)  Set4 

 
f) Overall Accuracy 
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g) Kappa Coefficient Values 

 
 
h) Time Taken (in Millisecond(ms)) 

 

CONCLUSION 

The different image Classification algorithms namely 
Minimum Distance, K-Nearest Neighbor, Nearest 
Clustering, Fuzzy C-Means and Maximum 
Likelihood have been implemented and tested with 
standard dataset and generated dataset.  According to 
the results it can be stated that among all the 
supervised algorithms discussed generally K-Nearest 
Neighbor provides good results as compared to other 
algorithms in terms of accuracy but it has high time 
complexity. It cannot be said which classification 
algorithm best comparable to others as it depends on 
various factors as well as applications. There is 
tradeoff between time complexity and accuracy; for 
example, K-Nearest Neighbor provides very good 
result but takes much more time as compared to 
others. But if one wants average accuracy and faster 
results, then minimum distance can be a better choice.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Moreover, the accuracy of algorithms also depends 
on the quality and robustness of training dataset.  The 
selection of the dataset used and different 
environmental settings also adds up to the 
performance of the classification accuracy. Hence, 
the choice of a particular algorithm is made which 
fulfils the required parameters.  
 
REFERENCES 
 

[1] B. Gabrya, L. Petrakieva; “Combining labeled and 
unlabelled data in the design of pattern classification 
systems”; International Journal of Approximate Reasoning 
(2004).  

[2] K. Jia, G. Cheng-Long, Z. Wen-Juan; “Fingerprint image 
segmentation using modified fuzzy c-means algorithm” 
(September 2009). 

[3] B.K. Mayanka; “Classification of Remote Sensing data 
using KNN method”, Journal Of Information, Knowledge 
And Research In Electronics And Communication 
Engineering(Volume – 02, Issue – 02). 

[4] F.S. Ahmadi, A.S. Hames; “Comparison of Four 
Classification Methods to ExtractLand Use and Land Cover 
from Raw Satellite Images forSome Remote Arid Areas”, 
Kingdom of Saudi Arabia. 

[5] [D. Liu, Q. Weng;”Survey of image classification methods 
and techniques for improving classification 
performance”,International Journal of Remote Sensing (Vol. 
28, No. 5, March 2007) 

[6] G.D. Sunayana, Z. Tanish; Comparative Analysis of 
Unsupervised and Supervised Image Classification 
Techniques, National Conference on Recent Trends in 
Engineering & Technology. 

[7] B.Gabrya, L. Petrakieva; “Combining labeled and 
Unlabelled data in the design of pattern classification 
systems”; International Journal of Approximate Reasoning 
(2004). 

[8]  S. Kalyani, K.S. Swarup;”Supervised fuzzy c-means 
clustering technique for security assessment and 
classification in power systems”, International journal of 
Engineering, Science and Technology (2010). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 


