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ABSTRACT 
Satellite image classification process involves grouping the 

image pixel values into meaningful categories. Several 

satellite image classification methods and techniques are 

available. Satellite image classification methods can be 

broadly classified into three categories 1) automatic 2) manual 

and 3) hybrid. All three methods have their own advantages 

and disadvantages. Majority of the satellite image 

classification methods fall under first category. Satellite image 

classification needs selection of appropriate classification 

method based on the requirements. The current research work 

is a study on satellite image classification methods and 

techniques. The research work also compares various 

researcher’s comparative results on satellite image 

classification methods.   
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1. INTRODUCTION 
Satellite images are rich and plays a vital role in providing 

geographical information [1]. Satellite and remote sensing 

images provides quantitative and qualitative information that 

reduces complexity of field work and study time [2]. Satellite 

remote sensing technologies collects data/images at regular 

intervals. The volumes of data receive at datacenters is huge 

and it is growing exponentially as the technology is growing 

at rapid speed as timely and data volumes have been growing 

at an exponential rate [3].  There is a strong need of effective 

and efficient mechanisms to extract and interpret valuable 

information from massive satellite images. Satellite image 

classification is a powerful technique to extract information 

from huge number of satellite images. 

Satellite image classification is a process of grouping pixels 

into meaningful classes [4]. It is a multi-step workflow. 

Satellite image classification can also be referred as extracting 

information from satellite images. Satellite image 

classification is not complex, but the analyst has to take many 

decisions and choices in satellite image classification process. 

Satellite image classification involves in interpretation of 

remote sensing images, spatial data mining, studying various 

vegetation types such as agriculture and foresters etc. and 

studying urban and to determine various land uses in an area 

[5]. 

The current research work is a literature review on satellite 

image classification methods and techniques. It describes and 

provide details on various satellite image classification 

methods to the analyst. The current literature review emphasis 

on automated satellite image classification methods and 

techniques.  

The rest of the paper is organized as follows. Section 2 gives 

need of the satellite image classification, section 3 illustrates 

various satellite image classification techniques, section 4 

discusses few recent satellite image classification methods 

and section 5 concludes.  

2. NEED OF SATELLITE IMAGE 

CLASSIFICATION 
Satellite image classification plays a major role in extract and 

interpretation of valuable information from massive satellite 

images. Satellite image classification is required for: 

• Spatial data mining [6] 

• Extract information for an application 

• Thematic map creation  

• Visual and digital satellite image interpretation 

• Field surveys   

• Effective decision making 

• Disaster management 

3. SATELLITE IMAGE TECHNIQUES 
There are several methods and techniques for satellite image 

classification. Figure 1 shows hierarchy of satellite image 

classification methods. Satellite image classification methods 

can be broadly classified into three categories [7]: 

• Automated 

• Manual 

• Hybrid 

3.1 Automated  
Automated satellite image classification methods uses 

algorithms that applied systematically the entire satellite 

image to group pixels into meaningful categories. Majority of 

the classification methods fall under this category. Automated 

satellite image classification methods further classified into 

two categories 1) supervised 2) unsupervised classification 

methods. 
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Figure. 1.    Satellite image classifications methods hierarchy

3.2 Supervised 
Supervised classification methods require input from an 

analyst. The input from analyst is known as training set. 

Training sample is the most important factor in the supervised 

satellite image classification methods. Accuracy of the 

methods highly depends on the samples taken for training. 

Training samples are two types, one used for classification 

and another for supervising classification accuracy.  

Figure 2 Shows supervised satellite image classification 

process. Training set is provided before classification is run.  

Major supervised classification methods uses the following 

statistical techniques: 

• Artificial Neural Network (ANN) 

• Binary Decision Tree (BDT) 

• Image Segmentation 

 

Figure. 2.  Supervised satellite image classification process.

Various classification techniques deals with different kinds of 

similarity matching methods. Supervised classification 

includes additional functionality such as analyzing input data, 

creating training samples and signature files, and determining 

the quality of the training samples and signature files. 

Artificial Neural Network: Algorithms fall under Artificial 

Neural Network (ANN) simulate human learning process to 

associate the correct meaningful labels to image pixels. 

Advantage of ANN based satellite image classification 

algorithms is easy to incorporate supplementary data in the 

classification process and improves classification accuracy.  

Binary Decision Tree: Binary Decision Tree (BDT) satellite 

image classification algorithms are machine learning 

techniques. Decision tree technique includes a set of binary 

rules that define meaningful classes to be associated to 

individual pixels.  Different decision tree software are 

available to generate binary rules. The software takes training 

set and supplementary data to define effective rules. 

Image Segmentation: Segmentation plays a vital role in 

satellite image processing, analysis and pattern recognition 

[8]. Satellite image segmentation techniques/algorithms are 

not directly related to image classification. Image 
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segmentation groups pixels which are relatively homogeneous 

into segments. Image segmentation algorithms provide 

variables that support analyst to specify relative size and 

shape of the segments. Segmented image can be classified at 

segmentation level, instead of pixel level. Segmentation level 

satellite image classification algorithms are much faster than 

pixel level classification methods. 

3.3 Unsupervised 
Unsupervised classification technique uses clustering 

mechanisms to group satellite image pixels into unlabeled 

classes/clusters. Later analyst assigns meaningful labels to the 

clusters and produces well classified satellite image. Most 

common unsupervised satellite image classification is 

ISODATA [9], Support Vector Machine (SVM) and K-Means 

[10]. 

3.4 Manual 
Manual satellite image classification methods are robust, 

effective and efficient methods. But manual methods consume 

more time. In manual methods the analyst must be familiar 

with the area covered by the satellite image. Efficiency and 

accuracy of the classification, depends on analyst knowledge 

and familiarity towards the field of study. 

3.5 Hybrid 
Hybrid satellite image classification methods combines the 

advantages of automated and manual methods. Hybrid 

approach uses automated satellite image classification 

methods to do initial classification, further manual methods 

are used to refine classification and correct errors. 

4. SATELLITE IMAGE 

CLASSIFICATION METHODS 
This section illustrates few recent satellite image classification 

methods. 

J. Shabnam et al., [11] introduced supervised satellite image 

classification method to classify very high resolution satellite 

images into specific classes using fuzzy logic. This method 

classifies satellite images into five major classes: shadow, 

vegetation, road, building and bare land. This method uses 

image segmentation and fuzzy techniques for satellite image 

classification. It applies two levels of segmentation, first level 

segmentation identifies and classifies shadow, vegetation and 

road. Second level segmentation identifies buildings. Further 

it uses contextual check to classify unclassified segments and 

regions. Fuzzy techniques are used to improve the 

classification accuracy at the borders of objects. 

[12] Presents a supervised satellite image classification 

method to determine water, urban and green land on satellite 

images. This method takes training set for every class and 

computes threshold value using k-means and LDA [13] 

techniques. The method extracts low-level features from 

satellite images and applies k-means algorithm to group into 

unlabeled clusters. Meaningful labels are assigned to the 

unlabeled classes by comparing threshold values with 

extracted features. 

[14] Describes ontology based supervised ocean satellite 

image classification method. This method illustrates power of 

ontology in ocean satellite image classification. The method 

extracts low level features from ocean satellite images and 

represent in owl file format. This owl file is merged with 

domain ontologies and labeling rules. Labeling rules, training 

rules, binary decision tree rules and expert rules are represent 

using SWRL [15] language. The method produces 

classification results of given ocean satellite image with the 

support of training, human expert, decision support and 

labeling rules. [14] Also provides a tool as plug-in for protégé 

ontology editor. The tool supports ocean satellite images with 

the support of domain ontologies.   

S. Muhammad et al., [1] proposed a supervised satellite image 

classification method using decision tree technique. This 

method extracts features from satellite image based on pixel 

color and intensity. Extracted features assist to determine 

objects reside in the satellite images. The methods classifies 

satellite images using decision tree with the support of 

identified objects.  

[16] Presents a method for the classification of satellite 

images into multiple predefined land cover classes. This 

method is automated and uses segment level classification 

with the support of training set. The classification methods 

includes contextual properties of predefined multiple classes 

to improve the classification accuracy. 

A. Selim [17] proposed a classification method using 

Bayesian technique. The method uses spatial information for 

classification of high-resolution satellite images. The method 

perform classification in two phases. Phase 1: spectral and 

textural features are extracted for each pixel to train Bayesian 

classifiers with discrete non-parametric density models. Phase 

2: iterative split-and-merge algorithm is used to convert the 

pixel level classification maps into contiguous regions. 

ISODATA [9] technique is most common unsupervised 

satellite classification method. It creates predefined number of 

unlabeled clusters/classes in a satellite image. Later 

meaningful labels are assigned to the clusters. ISODATA 

parameters needs several parameters that control number of 

clusters and iterations to be run. In few cases clusters may 

contain pixels of different classes. In such situations 

ISODATA uses cluster-busting [18] technique to label the 

complex classes.  

K-Means [10] is a popular statistics and data mining 

technique. It partitions n observations into k clusters based on 

Euclidean mean value. Advantages with the K-Means 

technique are simple to process and fast execution. Limitation 

with this method is analyst should know priori number of 

classes. 

Support Vector Machine (SVM) [19] is a non- parametric 

unsupervised statistical classification method. This method 

can be used to extract land-use map. SVM works on the 

assumption that there is no information on how to distribute 

the overall data. SVM reduces satellite classification cost, 

increases speed and improves accuracy. 

Minimum distance [20] approach calculates mean spectra of 

each predefined class and assigns the pixel to a group that has 

the least distance to mean. It easy to execute and simple to 

process. But minimum distance method considers only mean 

value. Mahalanobis distance method [21] is very similar to 

minimum distance method. It uses statistics technique 

covariance matrix for satellite image classification.  

Parallelepiped [20] executes based on parallelepiped-shaped 

boxes for each class. Parallelepiped boundaries for each class 

are pre-determined. Pre-determined boundaries identifies 

checks pixels of test images and determine class of the pixel. 

Parallelepiped method is fast and easy to run, but overlap may 

produce false results. 

Maximum likelihood [22] method is a statistical supervised 

approach for recognizing the patterns. It allocates pixels to 



International Journal of Computer Applications (0975 – 8887) 

Volume 119 – No.8, June 2015 

23 

appropriate classes based on probability values of the pixels. 

Maximum likelihood is an efficient method to classify pixels 

of satellite image. But it is time consuming and insufficient 

ground truth data produces poor results. 

5. COMPARISON OF SATELLITE 

IMAGE CLASSIFICAIOTN 

METHODS 
Various researchers have been performed comparison on 

unsupervised, supervised satellite image classification 

methods and on the combination of both with respect to 

classification accuracy and kappa coefficient. This section 

compares comparison summary of various researchers. Table 

1 provides comparison summary of different researcher’s 

conclusion.  From the comparison summary, researcher’s 

opinion on better satellite image classification method is not 

consistent. Further there is a need to study weather satellite 

image classification methods performance depends on test 

dataset.

 

Table 1. Comparison of various researchers satellite image classification comparative statements 

Researcher 
Classification Methods 

Taken for Comparison 
Test Data 

Better Method from the 

Researcher Study 

K. Kanika et al., [23] 

K-Nearest Neighbour 

Minimum Distance 

Maximum Likelihood 

IRIS Plants Dataset 
K-Nearest Neighbour 

 

R. Offer et al., [24] 

ISODATA 

Maximum Likelihood 

Hybrid Method 

Desert Outlay Datasets Hybrid Method 

A. Aykut et al.,  [25] 

 

Maximum Likelihood 

Minimum Distance 

Parellelpiped 

Landsat 7 ETM+ Images Maximum Likelihood 

T. Jamshid et al., [26] 

Parallelepiped 

Minimum Distance 

Chain Method 

Landsat 5TM images Chain Method 

H. N. Shila et al., [27] 

Unsupervised 

Supervised 

Hybrid Method 

Landsat7 ETM+ data Hybrid Method 

N. Maryam et al., [28] 

 

Support Vector Machine 

Maximum Likelihood 

Mahalanobis Distance 

Minimum Distance, Spectral 

Information Divergence 

Binary Codes 

Parallelepiped 

Landsat7 ETM+ data 
Support Vector Machine 

 

Manoj Pandya  et al., 

[29] 

K-Means 

ISODATA 

Minimum Distance 

Maximum Likelihood 

Parallelpiped 

Seeded region Growing 

Enhanced Seeded region 

Growing 

Landsat, SPOT and IRS 

Datasets 

Enhanced Seeded Region 

Growing 

 

T. Subhash et al., [30] 

 

Maximum Likelihood 

Minimum Distance 

Mahalanobis Distance 

Landsat7 ETM+ data 
Maximum Likelihood 

 

W. Malgorzata et al., 

[31] 

 

Pixel-based Classification 

Object-Oriented Classification 

Multi-Spectral Satellite 

Images 
Object-Oriented Classification 

 

6. CONCLUSION 
This paper gives a summary on automated satellite image 

classification methods and compares several reviews done by 

various researchers. Automated satellite image classification 

methods can be classified into 1) supervised 2) unsupervised. 

Supervised and unsupervised satellite image classification 

methods differ in the way of grouping pixels into meaningful 

categories. In the literature, researchers have presented survey 

on satellite image classification methods and evaluated the 

performance against different datasets. This paper summarizes 

the various reviews on satellite image classification methods 

and techniques. The summary helps researchers to select 

appropriate satellite image classification method or technique 

based on the requirements. 
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