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Abstract— The excitement and curiosity of viewing our planet from afar has led to the development of artificial satellites into 
stellar orbit for having live images of earth. Such images falls under the category of satellite imagery, which is a collection of 
images of earth snapped by artificial satellites. Extracting land cover information from such images is a challenging 
classification problem in the area of remote sensing. This work deals with a new approach for attempting the land cover 
classification of satellite images by the integration of Artificial Neural Networks and Support Vector Machine. The proposed 
technique uses a novel combination of Multi-layer artificial neural network and Multi-class SVM for the classification of land 
cover information. The experimental results evaluate the feasibility, performance and accuracy of the system by the 
construction of a confusion matrix. 
 
Index Terms— Land cover classification, Multi-class Support vector machine, Multi-layer Artificial neural network, Remote 
sensing, Satellite imagery.  
 
I. INTRODUCTION 
 
Image classification is one of the interesting and 
challenging task concerned in remote sensing. Now a 
days, satellite imagery is widely used in remote 
sensing and other research areas for various 
applications. The wide range of applications of 
satellite imagery includes, Oil and Gas exploration, 
Mining, Geographic Information Systems, Energy 
and Infrastructure, Engineering and Construction, 
Disaster Response, Media and Entertainment, 
Defense and Intelligence, and exploration of various 
natural resources. The classification of land cover 
information from remotely sensed data produces a 
map like image as the result of classification [5]. 
Remote sensing surveys provide a rapid means of data 
collection of satellite images and an appropriate 
classification scheme is required to perform the 
classification of land cover information from these 
images for various observations and interpretations 
[2]. Various supervised learning algorithms are 
preferred for such classification purposes. In this 
work, we propose a new approach by integrating the 
multi-layer artificial neural network with Support 
Vector Machines for the classification of land cover 
information from satellite images. 
The main objective of satellite imagery classification 
is the recognition of Earth’s surface and their 
presentation in the form of thematic map 
representation.  The land cover information is 
determined by extracting the grey values in the 
satellite imagery [1]. Classification of land cover from 
satellite imagery is one of the important classification 
task in handling remote sensing imagery and 
Geographic Information Systems. The first step in the 
classification is the selection of appropriate images 
[1]. The feature extraction of images is the 

fundamental step for image processing. The extracted 
features are represented in a higher dimensional space 
and gives as input to the Artificial Neural Network. 
The result from artificial neural network is compiled 
by support vector machine for the final result of 
classification [4]. 
 
The artificial neural network consists of three layers, 
the input layer, hidden layer and the output layer 
where the number of input nodes in the network is the 
dimension of the feature vector and the number of 
output nodes is equal to the number of classes. Besides 
the number of output nodes is equal to the number of 
hyperplanes drawn by the multi-class SVM. In this 
work, the classification of land cover information 
from satellite imagery is represented as a multi-class 
classification problem and addressed by multi-class 
SVM. In this work, the land cover information of 
satellite imagery is classified as Forest, Water, Soil, 
Building and Grassland. The classification problem is 
represented with five classes and hence solved using 
multi-class instantiation of SVM. 
 
II. METHODOLOGY  
 
The basic sequence of steps carried out in the land 
cover classification of satellite imagery are as follows: 
 

1. Satellite Imagery 
2. Feature extraction  
3. Defining the Artificial neural network  
4. Compile Multi-class SVM 
5. Evaluate the performance of the system 
 

The workflow diagram of the proposed system is 
represented as follows: 
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Figure 1: Proposed system 
 

1. Satellite Imagery 
The satellite imagery consists of the images of earth 
taken from artificial satellites and thus represents a 
huge database of satellite images. The proposed 
system aims to classify the land cover information 
from satellite images using the novel combination of 
Artificial Neural Network and Support Vector 
Machine. The satellite imagery used in this work 
covers the land cover information such as land, water, 
soil, vegetation, greenery, forest etc. Some of the 
satellite images in our image sensory are as follows: 
2. Pre- Processing  
The first phase in the classification task is the 
pre-processing step, where the images are cropped or 
normalize for fitting the images in window frame. 
After that with in the same step, histogram 
equalization and image segmentation are performed 
for emphasizing the relevant image details. Image 
filtering is also performed for the removal of noise 
from the satellite images. 
3. Feature extraction 
The feature extraction is the most important step in the 
land cover classification of satellite images. Various 
features extracted are colour, shape features, and 
statistical features of pixels. As a result, we have three 
feature vectors and hence we have to represent the 

features in three sub spaces in a high dimension space. 
The diagrammatic representation of feature extraction 
is as follows: 

 
Figure 2: Feature extraction  

4. Defining an Artificial Neural Network 
The proposed work uses multilayer artificial neural 
network for the classification of land cover 
information. Since the classification problem is 
associated with three feature vectors, the number of 
input nodes in the network will be three. Here in this 
work, we are associated with five classes namely, 
Forest, Water, Soil, Building and Grassland and hence 
the artificial neural network is designed with five 
output neurons.  
5. Compile Multi-class SVM 
The land cover classification of satellite images is 
addressed as a multi-class classification problem, 
where the final output will be five class labels namely, 
Forest, water, soil, Building and Grassland. A satellite 
image is extracted to three features and then the image 
is classified into five classes based on the one against 
all classification. In this research work, we uses the 
satellite imagery of 3000 images for training and 1500 
for testing defined by three feature vectors and five 
classes. 
6. Evaluate the performance of the system 
The performance of the classification system is 
evaluated by the construction of a confusion matrix. 
The confusion matrix is defined as follows. 
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Figure 3: Confusion Matrix 
 
This is a list of measures that are often computed from 
a confusion matrix: 

Table 1: Measures from Confusion matrix 

 
n= number of population  
True positive (TP) 
True negative (TN) 
False positive (FP) 
False negative (FN) 
Accuracy = (TP+TN)/total 
Misclassification Rate= (FP+FN)/total  
Also known as "Error Rate" 
True Positive Rate: TP/actual yes   
Also known as "Recall" 
False Positive Rate: FP/actual no  
Specificity: TN/actual no  
Precision: TP/predicted yes 
Prevalence:  actual yes/total 

CONCLUSION  
 
We developed an integrated model of Artificial Neural 
network and Support Vector Machine for the land 
cover classification of satellite images. The system 
resulted in an accuracy of 82.66 which is 
comparatively high for a large dataset of images. It is a 
two layer classifier where the system can be easily be 
deployed for extracting the land cover information.  
The future scope of the work extends the optimization 
criteria for multiple classes and complexity of the 
system. 
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