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Abstract:  With the steadily expansion in the technologies, the earth observation imaging sensors 

data is increasing day by day. With this there is increase in the number and the resolution of the 

images. To store the satellite data and retrieve the relevant results is becoming a big task. Content 

Based image Retrieval (CBIR) is a technique to retrieve the relevant image from the database. The 

similarity of the images are matched based on their features, for feature extraction color, shape and 

texture features were used , but they are low level feature extraction technique. The low level 

extraction technique does not bridge the semantic gap. For this the high level extraction techniques 

are used. In this paper, for feature extraction, low level (color and texture) and high level (HOG) 

extraction techniques are used. The Hybrid model is proposed by fusing both the techniques. The 

feature vector of the query image is matched with the feature vector of the database images, for 

similarity measure Euclidean distance measure is used. Using the precision and recall the relevance 

of the results are computed. 
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I. INTRODUCTION  

.Content Based Image Retrieval (CBIR) is a technique to retrieve images on the basis of visual 

content such as color, shapes and textures.[15] “With the help of single content let‟s say color we 

would not be able to get the optimized result because of the similarity of the color of different 

objects. For this along with the color, the texture or shape or both should be combined to retrieve 

similar result. Color, textures, shapes are still low level feature and they should be used along with 

the high level features like text annotation for the optimized results”. The content of the image is 

analyzed by extracting the features such as colors, shapes, textures and histogram descriptor [9]. The 

accuracy of the retrieved results can be computed by “Precision and recall or by Length of String to 

Recover All Relevant Images i.e. LSRR” [3]. The low level extraction techniques were giving the 

better results but the problem they faced was of semantic gap. It was difficult to convert the user 

need for the image in a complete manner to a Content Based Image Retrieval (CBIR). Due to this 

problem, the images retrieved would not be more effective and efficient. [15] Through exhaustive 

research, CBIR (Content Based Image Retrieval) came into existence in 1992 and since then many 

systems have been developed for Content Based Image Retrieval for uses in commercial fields [14]. 

Some of these systems are briefly mentioned in the following paragraph. 
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This field of image retrieval is attracting substantial number of researchers, however till now the 

use of Content Based Image Retrieval is not very common and still in infancy. Many big 

organizations‟s search engine such as Yahoo Image Search and Google Image Search still depends 

heavily on the metadata [4]. Due to which their performance is not very efficient, particularly when 

we come for the complicated searches such as a particular region within the images. 

To retrieve the images in the remote sensing archive is becoming a challenging task, the 

researcher are using the color features (color moments) and texture features (GLCM) i.e. gray level 

co-occurrence matrix, for efficient retrieval [6]. Some researchers have proposed a framework based 

on “domain-dependent ontology” to perform semantic retrieval in image archives [7]. Color feature 

extraction plays an important role in feature extraction, as few researchers have worked with feature 

extraction in Rural Satellite Imagery [8], the results obtained for the defined classes such as water 

body, vegetation, urban area were so accurate. 

 

II. RELATED WORK 

CBIR system came into the existence from 90s and till now the extensive work is going on in this 

area. Since the inception of CBIR system the following best known systems were developed such as 

Query by Image Content (QBIC) and Photo-book and its new version Four-Eyes. Other well-known 

systems are the search engine family Visual-SEEk, Meta-SEEk and Web-SEEk, NETRA, 

Multimedia Analysis and Retrieval System (MARS) proposed a new method, Intelligent Query (IQ) 

to get the images from the database [10]. The images were obtained on the basis of the semantic 

method rather than the metadata. The sketch created by the human was provided as the query image 

and similar images to that of a sketch were extracted from the database. The extracted images were 

ranked according to their similarity. If the result obtained was not so accurate than the sketch was 

again modified and the same process was repeated [15].  

The low level feature extraction techniques do not bridge the semantic gap, for that the researchers 

have focused on the high level semantic based feature extraction technique. In the paper the 

researcher have focused on the five categories corresponding to the high level extraction techniques 

such as : using the (i) “object ontology to define high level concepts” , (ii) using “machine learning 

methods to associate low-level features with query concepts”, (iii) using “relevance feedback” to 

learn users intention, (iv) generating “semantic” template to support “high-level image retrieval”, (v) 

fusing the evidences from HTML text and the visual content of images for “WWW image retrieval” 

[24].  

The researchers have developed a new content based image retrieval system, with increased 

efficiency of the retrieval of the images on color and texture basis. The characteristic of the color is 

captured by “Zernike chromaticity distribution moments from the chromaticity space”.  The texture 

features are extracted by “rotation-invariant and scale-invariant image descriptor in Contourlet 

domain”. In the paper the combination of color and texture feature is used [25]. It has shown the 

good results but low level extraction techniques do not bridges the semantic gap. 

The researchers, with the extensive research have proposed that the hybrid model need to be made 

for low level feature extraction techniques such as color, shape and texture [26]. 

But the low level extraction technique does not give the best result, for this high level extraction 

came into existence. 

For the efficient and effective retrieval of the satellite images, the researchers have developed a 

graph based model. The method utilizes the three layer architecture. It as follows: In the first layer, 

“two retrieval image sets are obtained by, respectively, using the retrieval methods based on holistic 

and local features, and the top-ranked and common images from both of the top candidate lists 

subsequently form graph anchors”. In the second layer, “the graph anchors as an expansion query 

retrieve six image sets from the image database using each individual feature”. In the third layer, 

„the images in the six image sets are evaluated for generating positive and negative data, and 

SimpleMKL is applied to learn suitable query-dependent fusion weights for achieving the final 
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image retrieval result”. The experiment was performed on the UC Merced Land Use and Land 

Cover data set. The precision value got enhanced by the method applied [27].  

Efficient image retrieval is a major concern in satellite imaginary for this the researchers have 

developed a semantic based method which has been divided into two stages. The first step is to 

form: hierarchical semantics classifiers based on the low-level features of the training images” [28]. 

In the second step, “unknown satellite images are classified into a certain semantics class if their 

feature vectors are located in the corresponding feature space”. At the time of query the user 

retrieves the images based on the semantic classes extracted from the query image. One of the 

researchers have worked with the region based retrieval method for satellite images using the “motif 

co-occurrence matrix (MCM) in conjunction with spatial relationships”. In this paper the principal 

analysis component have shown the usefulness of “MCM” as feature[5]. 

 

The Hybrid model has shown the efficient results as compared to computing results by individual 

extraction techniques. In the paper the researcher have found the increased efficiency of the 

proposed system by 61% [29]. In the proposed system the hybrid model of texture and color feature 

descriptor are used. For texture Discrete Cosine transform is used and for color, color moments are 

extracted. 

In the paper the researcher have tried to bridge the semantic gap between the machine and the 

humans, by using the tool “latent- Dirichlet Allocation Model  (LDA)”, in this the semantic rules are 

discovered which likes the low level feature of clusters and segments to the high level map labels 

manually developed by humans. By using their methods the users can customize their own custom 

semantically annotated maps directly from satellite images [30]. 

 

III. PROPOSED  METHOLODGY 

The steps followed in the experiment is shown in the Figure4, it has been divided into the sections 

such the pre-processing of the satellite image, then the creation of feature vector using the feature 

extraction techniques, all low level techniques is used to extract the results. Then the hybrid model 

is applied to get the more relevant results and using the similarity measures results are computed. 

The performance is measured by the precision and recall metric. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Methodology chart for proposed system 

  Pre-processing of Landsat 8 Images in Erdas Imagine 

Database Image Query Image 

Similarity Measure Using Euclidian Distance 

Display the relevant results based on the Rank 

Calculate Precision and Recall 

Feature Extraction 

Using Color, HOG 

and Texture 

Hybrid Model applied 

Feature Extraction 

Using Color, HOG 

and Texture 

Hybrid Model applied 



International Journal of Computer Application (2250-1797)  

Volume 7– No.4, July-August  2017 

221 

 

 

PRE- PROCESSING OF THE DATASET 

As a satellite image consists of multiple layers, so before applying the image processing 

techniques, the images need to be pre- processed. The data set used for our research is Landsat 8, 30 

m data of the nearby Banasthali region. Landsat 8 has 11 bands with imagery available at varying 

resolutions: 

 

Band  Resolution  
Wavelength 

(µm)  
Description  

   

1  30m  
0.433 - 

0.453 
Coastal/Aerosol  

   

2  30m  
0.450 – 

0.515  
Blue  

   

3  30m  
0.525 – 

0.600  
Green  

   

4  30m  
0.630 – 

0.680  
Red 

   

5  30m  
0.845 – 

0.885  
Near Infrared  

   

6  60m  
1.560 – 

1.660  

Short-wave 

Infrared  

   

7  30m  
2.100 – 

2.300  

Short-wave 

Infrared  

   

8  15m  
1.360 – 

1.390  
Panchromatic  

   

9  30m  0.52 - 0.90  Cirrus     

10  100m  10.6 - 11.19  
Thermal 

Infrared  

   

11  100m  11.5 - 12.51  
Thermal 

Infrared  

   

 

Table 1. Description of Landsat 8 data [23]. 

 

Pre-processing is carried out with Erdas Imagine 2014 tool, with the following steps: 

 

• Layer stack the data, as it consists of 8 bands. 

• MOSAIC all the layers, and create the shapefile. 

• The projection of input , output and shapefile must been same. 

• Identify the AOI and mask the region. 

• Apply the mask on the shapefile to get the desired region data. 

 

FEATURE EXTRACTION 

The retrieval of the images from the database, is dependent on the two major factors i.e. the 

extraction of the features and creation of feature vector and the similarity measure technique. . For 

the proposed result Euclidean distance is used for the similarity measure. For feature extraction all 

low level descriptor technique is applied, discussed below [1]. 

 

a. Color Feature Extraction 

Color is the most important method used for feature extraction of image. As humans 

differentiates the things very easily on the basis of the color. Color is a property which depends on 
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the process of reflection, in which the light fall on the eye and reflect the value, that information is 

processed in the brain. Many methods are used to extract the color feature of an image, those 

methods are explained below:- 

 Color Histogram 

The most important method of representing color feature of an image is color histogram. . A color 

histogram consists of a set of bins, where each bin donates the pixel value that is the probability of 

occurrence of a particular color. The color histogram CH for an image is defined as: 

 

CH= {CH [0], CH [4]…CH[i]…….CH [N]} 

 

Where, i is the color in that color space, CH[i] is the number of pixels in color i in that image, and 

N is the number of bins or the number of colors in that image. We can show a color histogram as a 

two dimensional graph, where bar in the x-axis represents the bin and the y-axis correspondence to 

the number of pixel in that bin. There are two type of color histogram: - Global Color Histogram 

(GCH) and Local Color Histogram (LCH). Among the two, the LCH contains more information of 

an image, but cost wise it is not much feasible to use when comparing with images. In case of GCH, 

a single color histogram represents a whole image. 

 

 Color Moments 

Color moments are the moments which work good when our image contains just the object. In 

the probability distribution of colors, the statistical moments shown are the color moments, which 

are used in the retrieval systems. The parameters which are calculated in this method are: Variance, 

Mean and Skewness. It is an effective and efficient method for showing color distribution but it 

lacks behind in showing the spatial information surrounding the color within the image. The feature 

vector is formed by Mean which is first order descriptor, Variance the second order and the 

Skewness the third order. They are defined as follows: 

(𝑀𝑒𝑎𝑛) 𝑀𝑖 =   
1

𝑁
  𝐶𝑖𝑘

𝑁

𝑘=1

 

 𝑉𝑎𝑟𝑖𝑎𝑛𝑐𝑒 𝜎𝑖 =   
1

𝑁
 

2

 (𝐶𝑖𝑘 − 𝑀𝑖)
2

𝑁

𝑘=1

 

 𝑆𝑘𝑒𝑤𝑛𝑒𝑠𝑠  𝑆𝑘 =   
1

𝑁

3

  (𝐶𝑖𝑘 − 𝑀𝑖)
3

𝑁

𝑗=1

 

 Color  Coorelogram 

This method is used for, encoding the color information of an   image. It solves the problem 

associated to the image representation because it holds the spatial data in the encoded color 

information form. It has many advantage too, it represents the global distribution of local spatial 

correlation of colors and is simple to compute. The color coorelogram shows the color correlation 

distribution in an image. In case of color histogram, the image is divided into four bins, and then in 

coorelogram, that divided four bins are further subdivided into four bins , and for every such 

division the maxima of frequencies is calculated. 

For pixel  

 

 Color Coherence Vector 

This method provides better retrieval results than the other color methods because it partitions the 

histogram according to the spatial coherence of an image. Each pixel in an image is divided into two 

types i.e. coherent and incoherent. Depending on the region of the uniformity color. We get separate 
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histogram for both types, which include the spatial information in the feature vector [16]. Because of 

this reason we get better results. The color coherent is calculated by the formula: 

 

𝛾 𝑎, 𝑏 =     𝑎𝑃𝑖
−  𝑏𝑃𝑖

  + ( 𝑎𝑁𝑖
−  𝑏𝑁𝑖

 )

𝑁

𝑖=0

 

 

Where, P and N are the number of coherent pixel and number of incoherent pixel simultaneously. 

And Pi and Ni is the numbers of coherent and incoherent pixels in color i simultaneously. 

 

b.  Histogram of Oriented Gradient descriptors (HOG) 

HOG is a descriptor which is used to detect the objects in image processing and computer vision. 

The HOG descriptor describes the local appearance of an object and its shape in the image with the 

help of edge direction or the intensity gradients distribution. The implementation process is divided 

into major two steps i.e. First the gradient values are calculated. They are calculated by applying the 

discrete derivative mask for 1D center point in the vertical and horizontal directions. To achieve this 

filter kernels are used for filtering grayscale image as shown below. 

𝐷p = [−1 0 1] and 𝐷q = [−1 0 1] 
t
 

 

For the input image M, the convolution operation is applied to obtain the p and q derivatives: 

Mp =M * Mp; Mq = M* Mq 

The magnitude of the gradient is calculated as given below: 

𝐺 =  𝑀𝑝
2 + 𝑀𝑞

2 

The orientation of the gradient is calculated as shown below: 

𝜔 = 𝑎𝑟𝑐𝑡𝑎𝑛  
𝑀𝑝

𝑀𝑞
 

The second step of the implementation is orientation binning. Here the cell histograms are 

computed. Depending on the gradient computation values, a pixel belonging to a cell has to cast the 

weighted votes based on the histogram orientation. Based on unsigned or signed gradient, the 

histogram channels spans across 0 to 180 or 0 to 360 degrees respectively and the cells are 

rectangular. 

 

c. Texture Feature Extraction 

Texture is an important feature extraction technique for the images [2].  

 GLCM 
 Greylevel Co-Occurrence Matrix (GLCM) is an extensively used texture descriptor. It counts the 

occurrence of single grey level feature with reference to the spatial relationship of another feature. In 

a tabular manner it represents the combination of pixel brightness value in an image. The main 

advantage of GLCM is that it calculates the pair of the pixel with reference to the distance and the 

angular spatial relationship with the other pixel at the same instance of time.  As a result the 

combination of grey levels and their positions are shown apparently. 

Therefore it is defined as ―”A two dimensional histogram of grey levels for pair of pixels, which 

are separated by a fixed spatial relationship”. Then GLCM is obtained by the output of the second 

order statistics, the following statistical parameters are applied to get result as: 

 

X (i,j│d,θ) =
X( 𝑖 ,𝑗  ℎ ,𝜃 )

  𝑋 𝑖 ,𝑗  ℎ ,𝜃 𝑗𝑖
 

 

Energy =   𝑋(𝑖, 𝑗)2
𝑗𝑖  
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Here, energy computes the number of repeated pair, where the reputation is high, energy will be 

high. 

 

Homogeneity =   
𝑋(𝑖 ,𝑗 )

1+ 𝑖−𝑗  𝑗𝑖  

 

Homogeneity measures the closeness of the GLCM to GLCM diagonal. 

 

Contrast =  𝑋(𝑖, 𝑗) 𝑖 − 𝑗 2
𝑖 ,𝑗  

 

It computes the difference in the pixel values, if the difference between the pixel values is less the 

contrast will be low. 

Correlation = 
 1−𝛽𝑖  1−𝛽𝑗  𝑋(𝑖 ,𝑗 )

𝜎𝑖𝜎𝑗
 

 

It computes the correlation between the pixels of the pixel pair. If the pixels pair are not correlated to 

each other, then the correlation will be low. 

 

d. Hybrid Approach 

In the Hybrid approach the Color, HOG and Texture based feature extraction is done. The feature 

extraction of a satellite image based on the single method will not give the desired results. So, the 

Hybrid approach was tested. 

 

IV  RESULTS AND DISCUSSION 

Low level as well as high level algorithm is implemented in MATLAB 2016a. Color and texture 

are the low level feature extraction technique, which gave the result but does not bridge the semantic 

gap.  To get the much accurate results, High level extraction technique HOG is implemented. The 

image is classified into three categories i.e. Urban area, Water Body and Vegetation. In the proposed 

method the Hybrid approach is applied, which will combine the feature vector value of all the 

descriptors, both of high and low level feature extractor. It is clear from the obtained results that 

Hybrid approach has given the better precision and recall value as compared to other descriptors 

individually. Fig. 5, 6, 7 shows the ranked result obtained from Color, HOG, and Texture feature 

extraction technique and Fig. 8 shows the ranked images obtained by the Hybrid approach. Table 3 

and Table 4 show the precision and recall obtained from all the method applied. We have compared 

the results of our proposed work with the existing system results. Figure 6 and Figure 7, shows the 

precision and recall obtained from our technique is higher than the existing systems result. . It proves 

that the Hybrid approach yield effective and efficient retrieval. 

 

 
Figure 2.Color Based Extraction 

 
Figure 3. HOG based Extraction 
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Figure 4.Texture based extraction 

 

 
Figure 5 .Hybrid based Extraction 

 

 

Classes Color GLCM HOG Proposed  

Urban  0.65 0.85 0.7 0.87  

Vegetation 0.80 0.9 0.85 0.95  

Water 

Body 

0.5 0.7 0.6 0.5  

 

Table 2. Precision obtained for all feature extraction techniques 

 

Classes Color GLCM HOG Proposed  

Urban 0.63 0.70 0.70 0.86  

Vegetation 0.70 0.85 0.80 0.97  

Water 

Body 

0.30 0.20 0.10 0.50  

 

Table 3. Recall obtained for all feature extraction techniques 

 

 
 

Figure 6. Comparative graph of precision value of our proposed method with two existing methods 
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Figure 7. Comparative graph of recall value of  our proposed method with two existing methods 

 

 

V  CONCLUSION 

In  the recent paper the experiment have been performed on the low level and high level feature 

extraction techniques. The techniques used are color based, texture based and HOG. In CBIR 

system, extracting features based on low level feature extraction technique does not bridge the 

semantic gap. So, for that the Hybrid approach is applied on the dataset and the results obtained 

were better. In future different high level approaches and different similarity measure technique 

would be employed for much better results. 
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