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Abstract— In today’s epoch of Digital technology, the need of content based image retrieval is increasing day 
by day. Image retrieval system based on image’s visual content becomes more desirable. Hence, content based 
image retrieval has emerged as one of the most active research areas in the past few years. There are a lot of 
approaches have been proposed for content based image retrieval. The literature addressed the issues 
involved in content based image retrieval and presents solution to them. To this end, an interface is designed 
for content based image retrieval and in order to key out best approach, a comparative study has been 
performed. Five classes namely tribal, beach, bus, building and dinosaur have been chosen from standard 
dataset. The CBIR techniques were compared on the basis of sensitivity, specificity, accuracy, overall 
accuracy etc. The result fortified that the HOG and LBP-HOG feature extraction algorithm is more efficient 
than Relevance Feedback and FSRM algorithms.   
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I. INTRODUCTION 

The search for similar images in large-scale image databases has been an active research area in the last couple of 
years. A very promising approach is content based image retrieval. Content-based image retrieval systems were 
introduced to address the problems associated with text-based image retrieval [1]. Content based image retrieval is a 
set of techniques for retrieving semantically-relevant images from an image database based on automatically-derived 
image features. CBIR system basically consists of two parts i.e. feature extraction and similarity matching. During 
feature extraction, important features are extracted from the image and stored in a feature vector, after feature 
extraction distance between two feature vectors is calculated by using similarity measures. 

In CBIR many techniques [2] [3] [4] [5] [6] are used to evaluate different impact on the results of retrieving images. 
Already a lot of work has been done since many years on CBIR techniques. To this end, the four approaches for 
content based image retrieval is selected for implementation. These approaches are Relevance feedback [7] and 
Fuzzy semantic Relevance Matrix [8]; HOG feature extraction [9] and LBP-HOG feature extraction [10] 
approaches. The relevance feedback technique in  

CBIR is based on user interaction with the retrieval system. This technique is designed to bridge the semantic gap 
between low level and high level features. Histogram of Oriented Gradients (HOG) is a powerful feature descriptor 
used in computer vision and image processing for the purpose of object detection. The basic idea behind the HOG 
descriptor is that local object appearance and shape within an image can be described by distribution of intensity 
gradients or edge detections Local Binary Pattern is a feature descriptor like HOG. It has been used for texture 
classification [11]. The LBP has been widely used in different applications such as human detection, face 
recognition.  
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The paper has been organized as follows: section II discusses the related work in CBIR approaches, section III gives 
details implementation of CBIR techniques, section IV explains the algorithms that have been evaluated and section 
V discusses the results and last section VI presents the conclusion and future work. 

II. RELATED WORK 

There is a large array of literature associated with CBIR approaches which are presented as follows: 

Zhang et al.[8] worked upon the semantic memory based image retrieval. The semantic memory is fulfilled using 
the user relevance feedback. The authors have proposed the use of semantic subspace learning (SSL) method for 
similarity matching between feature vectors of query image and dataset images. The proposed method compared 
with other distance metrics i.e. Euclidean distance and Mahalanobis distance metric. The average precision of 
semantic subspace learning method (SSL) is 0.36. 

Tronciet al.[6] has worked on a CBIR based tool named as Image hunter. The proposed tool uses the relevance 
feedback for the CBIR result retrieval. Also the authors have aimed at making it user friendly which enables almost 
all users to use it, not only the technical experts. In this paper the techniques of relevance feedback have been 
implemented which is based on k-NN and SVM relevance feedback. The “ImageHunter" tool evaluates the user 
feedback in order to optimize the image results and attained high performance by browsing the image database. The 
results calculated by using parameters precision and recall. However the SVM exhibits better performance as 
compared to k-NN. 

Mussarat Yasmin et al. [16] has collectively developed a powerful image descriptor based upon shape, color and 
relevance feedback. The shape and color features have been used to fetch the matching images, whereas the 
relevance feedback is obtained from the users in order to optimize the final results produced by the duo algorithms 
in the latter portion of CBIR. Canny edge detector was used for detecting the shape of images and Color Histogram 
was used to calculate the probability mass function. The proposed image descriptor results in higher degree of 
relevancy and good balance between precision and recall.  

Jing Yu et al.[14] has worked upon the bag-of-features model based CBIR. In this paper fusion of two algorithms 
designed, SIFT-LBP and HOG-LBP. The authors have used the feature integration analysis to achieve the goal they 
have aimed at. There were two types of feature integration methods performed i.e. Patch-based feature integration 
and Image-based feature integration. Then the k-means clustering applied to both the methods.. The finals results 
shown that image based feature integration method performs better as compared to patch based integration method.  

RuiHyet al. [10] have conducted a survey to evaluate the performance of gradient field HOG descriptor. The 
authors have proposed the use of the gradient field HOG within a bag of visual words framework for the sketch 
based image retrieval. The image database has been collected from the Flicker of 15k images and these images were 
divided into 33 categories for the evaluation of sketch based image retrieval (SBIR).The proposed technique GF-
HOG compared with other existing local descriptors i.e. SIFT, SSIM, HOG, Structure Tensor and Shape context. 
The experimental results show that GF-HOG descriptor outperforms other state of art descriptor on the Flicker 
dataset. The mean average precision score of GF-HOG is 7.35%. 

Xiaoyu Wang et al.[11]suggested a novel approach of human detection for the purpose of handling partial 
occlusion. In this approach, HOG and LBP integrated to extract features. SVM act as a classifier for human 
detection. The experimental results performed on INRIA dataset. The HOG-LBP detector performs both with 
occlusion and without occlusion human detection. The evaluation based on two criteria False positive per window 
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(FPPW) and False Positive per image(FPPI).The purposed HOG-LBP detector achieves 20% better performance as 
compared to existing state of art descriptors such as Multilevel HOG feature , Shape and Haar wavelet feature etc. 

III. THE APPROACH 

The CBIR algorithms consist of following four phases: Dataset preparation, Preprocessing, Feature extraction and 
similarity matching. These phases performed in same manner except feature extraction phase in all algorithms. The 
generalized steps of any  CBIR algorithm has been shown in Figure 1. 

 

Figure 1: Generalized steps of CBIR Algorithm 

A. Dataset Preparation 

Wang dataset is a standard benchmark for content based image retrieval which is a subset of Corel stock image 
database [13]. It contains a total of 1000 images for 10 different categories like tribe, beach, buildings, buses, 
dinosaurs, elephants, roses, horses, mountains, food. The images have been taken under different illumination 
condition and different viewpoints. In this paper, 5 classes of Wang dataset for training and testing i.e. tribe, beach, 
buildings, buses and dinosaurs have been used. These 5 classes are used for relevance estimation, a query image is 
given and it is assumed that user is searching for images from the same class, and therefore the remaining 99 images 
from the same class are considered relevant and images from all other classes are irrelevant. 

B. Preprocessing 

In preprocessing, there are mainly two steps performed i.e. image normalization and image enhancement. At first, 
image is converted from RGB to grey scale. Each grey scale image is resized to 120*80. For image normalization, 
Gaussian filter is used to remove noise from image and helps in smoothens the image. Histogram equalization is 
used for image enhancement to improve the quality of the images. 
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C. Feature Extraction 

The presented study of content based image retrieval consists of four algorithms i.e. CBIR-Relevance Feedback, 
CBIR- fuzzy semantic relevance matrix, CBIR-HOG, CBIR- LBP HOG. The first two techniques which are based 
on relevance feedback uses two parameters, color and texture for feature extraction [14], as these parameters are 
important to retrieve the similar images from database. The other two techniques are CBIR-HOG and CBIR-LBP 
HOG which uses HOG[15] and LBP-HOG[16] for feature extraction respectively. 

Color features are extracted by using Color histograms. Color histogram used as local descriptor to calculate the 
color intensity of particular image. RGB and HSI color models are used for assigning color values. To extract the 
texture features, entropy, local range and standard deviation measures are used as parameters. After extraction of 
these features, a feature vector is created consists of color and texture feature values. 

The extraction of HOG features occurs in various steps: The first step is to calculate the gradient values by applying 
derivative mask in both horizontal and vertical directions. The computation of gradient values calculates in form of 
magnitude ǀGǀ and orientation θ. 

ǀGǀ=�𝐼𝐼2𝑥𝑥 + 𝐼𝐼2𝑦𝑦     (1) 

θ = arctan Iy

Ix
     (2) 

Where 𝐼𝐼𝑥𝑥  and 𝐼𝐼𝑦𝑦  are derivatives of an image I. 

After computation of gradients, the second step is orientation binning. In this step, cell histograms created by 
calculating pixels of an image. Each pixel within cell has weighted value which found in computation of gradient. 
The HOG descriptor is then vector of components of the normalized cell histograms from all of the block regions. 
To normalize the orientation histograms, they should be grouped into blocks which are called as block 
normalization. Thus the HOG feature is extracted from an image. 

In LBP-HOG, The value of LBP is computed by calculating the gray level value of the center pixel and its neighbors 
in the give image. The following equation is used for computation of LBP descriptor. 

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 ,𝑅𝑅 = p=1P2 (p-1) f1 (𝑔𝑔𝑝𝑝−𝑔𝑔𝑐𝑐 )   (3) 

f1(x) = 1, x≥00, otherwise 

where P is no of neighbors and R is center of the neighborhood. 𝑔𝑔𝑐𝑐 is gray value of center pixel and 𝑔𝑔𝑝𝑝  is gray value 
of its neighbors.  

When the LBP features are extracted, combine both HOG and LBP features and create a feature vector. 

D. Similarity Matching 

The similarity matching as name suggests are parameters to determine the similarities between different feature 
vectors [10]. The information gained by feature extraction is used to measure the similarity between two images. 
The similarity measure Correlation Coefficient is used [18]. After the extraction of feature vectors, Correlation 
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Coefficient between two feature sets is calculated. If the distance between the two feature set is minimal then images 
are more similar and vice versa. 

Equation to calculate Correlation corr2 is defined by: 

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐2 = ∑𝑚𝑚∑𝑛𝑛  (𝐴𝐴𝑚𝑚𝑛𝑛 −𝐴𝐴̅) ( 𝐿𝐿𝑚𝑚𝑛𝑛 −𝐿𝐿�)
�(∑𝑚𝑚∑𝑛𝑛  (𝐴𝐴𝑚𝑚𝑛𝑛 −𝐴𝐴̅)2)(∑𝑚𝑚∑𝑛𝑛 ( 𝐿𝐿𝑚𝑚𝑛𝑛 −𝐿𝐿�)2  (4) 

Where 𝐴𝐴𝑚𝑚𝑛𝑛  and 𝐿𝐿𝑚𝑚𝑛𝑛  are feature vectors 

�̅�𝐴 = mean (A) and 𝐿𝐿�  = mean (B) 

IV. ALGORITHM 
 

i. CBIR- Relevance feedback 

In relevance feedback, color and texture features are used for feature extraction and similarity matching between 
query image and database image is calculated by using Correlation coefficient metric. The retrieved images 
displayed on screen. The user decides whether the results are relevant or not. If the results found to be irrelevant, 
feedback loop is repeated many times until the user satisfied. 

Algorithm : Relevance Feeback Algorithm: CBIR FSRM 
1. Read RGB image 𝐼𝐼𝑚𝑚 . 
2. Convert 𝐼𝐼𝑚𝑚  to grey scale. 
3. Apply Gaussian filter  𝐺𝐺𝑓𝑓  on 𝐼𝐼𝑚𝑚 . 
4. Extract  color 𝐹𝐹𝑐𝑐  & texture 𝐹𝐹𝑡𝑡  features of 𝐼𝐼𝑚𝑚  
5. Create feature vector 𝐹𝐹𝑐𝑐𝑡𝑡  
6. Compute Correlation Coefficient 𝐶𝐶𝑓𝑓   for 

similarity matching. 
7. If results are irrelevant, 

       Repeat step 4 to 7 
Else 

       Stop 

1. Read RGB image𝐼𝐼𝑚𝑚 . 
2. Convert 𝐼𝐼𝑚𝑚  to grey scale. 
3. Apply Gaussian filter  𝐺𝐺𝑓𝑓  on 𝐼𝐼𝑚𝑚 . 
4. Extract  color 𝐹𝐹𝑐𝑐  & texture 𝐹𝐹𝑡𝑡  features of 𝐼𝐼𝑚𝑚  
5. Create feature vector 𝐹𝐹𝑐𝑐𝑡𝑡  
6. Compute Correlation Coefficient 𝐶𝐶𝑓𝑓   for 

similarity matching. 
7. Build the FSRM and display results 
8. If user not satisfy 

        Set the irrelevant image to bit 0. 
                      Repeat step 4 to 8  
             Else 
                   Stop. 

 

ii. CBIR- FSRM 

Fuzzy semantic relevance feedback is constructed to describe semantically relevance between the images in the 
database. The weights in the FSRM are adjusted according to user’s feedback. A fuzzy set is a class of objects with a 
continuum of grades of membership. The value of fuzzy set lies in the interval [0, 1]. Therefore, we use the value of 
interval [0, 1] represents the “grade of membership” of an object of the concept. The more the value closes to 1, the 
more the image similar to query image. The working of FSRM explains as follows:- 

iii. CBIR- HOG 

In this approach, Histogram of Oriented Gradients features are computed by calculating gradient of color of images. 
The histograms of each gradient image are created, and then normalize these histograms using block normalization 
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method. Correlation coefficient is calculated between query image and testing images. Thus the retrieval results are 
displayed on screen. The following is the algorithm for HOG algorithm. 

Algorithm: CBIR-HOG Algorithm: CBIR-LBP HOG 

1. Read RGB image𝐼𝐼𝑚𝑚 . 
2. Convert 𝐼𝐼𝑚𝑚  to grey scale. 
3. Apply Gaussian filter  𝐺𝐺𝑓𝑓  on 𝐼𝐼𝑚𝑚 . 
4. Calculate gradient 𝐺𝐺𝑐𝑐of 𝐼𝐼𝑚𝑚  
5. Create Histogram 𝐻𝐻𝑒𝑒  of each 𝐺𝐺𝑐𝑐  
6. Apply Block normalization 𝐿𝐿𝑒𝑒  on 𝐻𝐻𝑒𝑒   
7. Create feature vector  𝐹𝐹ℎ  
8. Compute Correlation coefficient 𝐶𝐶𝑓𝑓   
9. Results displayed. 
10. End 

1. Read RGB image𝐼𝐼𝑚𝑚 . 
2. Convert 𝐼𝐼𝑚𝑚  to grey scale. 
3. Apply Gaussian filter  𝐺𝐺𝑓𝑓  on 𝐼𝐼𝑚𝑚 . 
4. Compute LBP descriptor 𝐿𝐿𝑑𝑑  of 𝐼𝐼𝑚𝑚 . 
5. Create feature vector 𝐹𝐹𝑙𝑙 . 
6. Merge values of 𝐹𝐹ℎ  𝑎𝑎𝑛𝑛𝑑𝑑  𝐹𝐹𝑙𝑙 . 
7. Compute Correlation Coefficient 𝐶𝐶𝑓𝑓  
8. Results displayed 
9. End 

 
iv. CBIR- LBP HOG 

In this approach, Local Binary pattern (LBP) features are concatenated with HOG features for content based image 
retrieval. At first, LBP feature descriptor is computed for each image, then created a feature vector of LBP features. 
This feature vector combines with already derived HOG feature vector. Correlation coefficient is calculated between 
query image and testing images. Thus the final results displayed on screen. The following is the algorithm for LBP- 
HOG approach. 

V. EXPERIMENTAL RESULTS 

In this section, the detailed analysis of four algorithms is provided. The standard WANG image database is used for 
experimental results. The MATLAB environment has been used to implement algorithms. The Support Vector 
Machine (SVM) is used for training and classification[19]. The performance of the system is evaluated using 
performance parameters i.e. sensitivity, specificity, negative predictive value (NPV), precision, accuracy, overall 
accuracy and Kappa analysis [20]. These parameters are calculated by using True positive (TP), True negative (TN), 
False positive (FP), False negative (FN) values. 

The results have been obtained for each algorithm. Among the four algorithms CBIR-HOG depicts the better 
performance in terms of all parameters as compared to other three algorithms. The performance of HOG feature 
descriptor is extremely good in CBIR mechanism. Because of the window based descriptor it extracts features more 
precisely and results comes out to be more relevant as compare to other algorithms. Local Binary Pattern feature 
descriptor when integrated with HOG performs better only in building class than individual HOG descriptor. The 
Relevance Feedback and FSRM also exhibit good performance but not as well as HOG or LBP-HOG. The average 
values of precision, sensitivity, specificity, NPV, accuracy and overall accuracy have been calculated to evaluate the 
overall performance of the system. According to Kappa analysis all the four algorithms attains substantial 
performance. The table 1 summarizes the performance in terms of Precision, Sensitivity, Specificity, Accuracy, 
Overall accuracy and Kappa 

Table 1: Overall performance of CBIR algorithms 



170 
                                                                     Amandeep Verma, Tania Gupta 
 

 
Research Cell : An International Journal of Engineering Sciences, Issue December 2016 

ISSN: 2229-6913 (Print), ISSN: 2320-0332 (Online) -, Web Presence: http://www.ijoes.vidyapublications.com 
© 2016 Vidya Publications. Authors are responsible for any plagiarism issues. 

 
 
 
 

 

Algorithm Sensitivity Specificity Precision Negative 
Predictive 
value 

Accuracy Overall 
Accuracy 

Kappa 
Analysis 

FSRM 80.67% 93.18% 78.24% 94.65% 92.48% 78.84% 0.735 

RF 78.72% 96.34% 77.81% 94.13% 91.7% 78.31% 0.732 

HOG 84.56% 96.47% 86.13% 96% 93% 83.52% 0.779 

LBP-
HOG 

81.46% 95.8% 85.6% 95.8% 92.75% 81.29% 0.751 

 

The average precision, specificity, sensitivity, NPV and overall accuracy of each algorithm have been illustrated in 
Figure 2 with the help of line graph. The average precision is highest for HOG and while RF holds the lowest value. 
The sensitivity or recall is also highest in case of HOG. There is very little variation in case of sensitivity and NPV, 
but HOG attains highest value for sensitivity. The overall accuracy is highest for HOG and LBP-HOG attains less 
comparatively HOG whereas FSRM and RF hold almost same value with little difference. 

 
Figure 2: Performance of CBIR Algorithms 

VI. CONCLUSION 
 

Content based image retrieval is a dominant way of retrieving images. In recent years, many researchers have 
proposed various techniques for the content based image retrieval. A considerable number of different feature 
extraction techniques and similarity measures have also been proposed.  
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The presented algorithms for CBIR have varying impact on the results of image retrieval. These algorithms for 
content based image retrieval were evaluated for five classes of images i.e. tribal, beach, building, bus and dinosaur. 
The results fortified that the HOG and LBP-HOG feature extraction algorithm is more efficient as compared to 
Relevance Feedback and FSRM algorithms.  
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