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ABSTRACT  

Content Based Image Retrieval (CBIR) is the mainstay of image retrieval systems. The 

term has been widely used to describe the process of retrieving desired images from a large 

collection on the basis of features such as color, texture and shape that can be automatically 

extracted from the images themselves. In CBIR systems with Relevance Feedback (RF), user 

can mark returned images as positive or negative which are then fed back into the system as a 

new, refined query for the subsequently round of retrieval. The process is repeated until the 

user is satisfied with the query result. Such systems are effective for many practical CBIR 

applications. Target search in CBIR systems refers to finding a specific (target) image such as 

a particular registered logo or a specific historical photograph. Existing techniques, designed 

around query refinement based on RF, suffer from slow convergence and do not guarantee to 

find intended targets. To address the aforementioned limitations, various target search 

methods are proposed. In the proposed work, we have applied the concept of Ranking to 

improve precision and recall of CBIR system. 
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1. INTRODUCTION  

Images are a fundamental part of our daily communication. The huge amount of pictures 

digitally available are not manageable by humans any more. A person searching for a picture in a 

database of 10000 images will probably find what he searches for quite fast by just viewing the 

images or small versions of the images. When a thousand or even more images are involved; the 

task becomes boring and interminable. Computers may be able to help here in the same way as 

they already do for searching test image. Users in many specialized fields take the opportunities 

offered by the ability to access and manipulate remotely stored images in all kinds of new and 

exciting ways. However, they are also realizing that the process of locating a desired image in a 

large and varied collection can be a source of considerable frustration. The problems of image 

retrieval are becoming widely predictable. CBIR technique use image content to search and 

retrieve digital images. 

 

1.1 Principle of CBIR 

A typical CBIR system automatically extract visual attributes (color, texture and shape) of each 

image in the database based on its pixel values and stores in a different database within the 

system called feature database. The feature information for each of the visual attributes of each 



International Journal of Computer Application (2250-1797)  

Volume 5– No. 4, June2015 

197 

 

image is very much smaller in size compared to the image data. Thus the feature database 

contains an abstraction (compact form) of the images in the image database; each image is 

represented by a compact representation of its contents (color, shape, texture) in the form of a 

fixed length real valued multi-component feature vector or signature. The users usually 

formulate query image and present to the system structure. The system automatically extract the 

visual attributes of the query image in the same mode as it does for every database images and 

then identifies images in the database whose feature vectors match those of the query image and 

sorts the best similar objects according to their similarity value. The CBIR system can be used in 

one of two ways. First, exact image matching; this is matching two images, example image and 

image in image database. Second is accurate image matching, which is finding most closely 

match image to the query image. 

 

1.2 Approaches of CBIR  

In general, two different approaches have been applied to allow searching on image collection: 

one based on image textual metadata and another based on image content information. The 

retrieval approach is based on attaching textual metadata to each image and uses traditional 

database query techniques to retrieve them by keywords. However, these systems require a 

previous annotation of the database images, which is a very laborious and time consuming task. 

Moreover, the annotation procedure is usually inefficient because users, commonly, do not make 

the annotation in a systematic way. In fact, different users tend to use different words to describe 

a same image attribute. The lack of systematization in the annotation process decreased the 

performance of the keyword-based image search [2]. These shortcomings have been addressed 

by the so-called CBIR systems. In these systems, image processing algorithms (usually 

automatic) are used to extract feature vectors that represent image properties such as color, 

texture and shape. In this technique, it is possible to retrieve images similar to one chosen by the 

user‟s query by example. One of the major advantages of this approach is the possibility of an 

automatic recovery procedure, contrasting to the effort needed to annotate images. 

 

1.3 Drawbacks of Existing CBIR System 

In CBIR systems with RF, a user can mark returned images as positive or negative, which are 

then fed back into the systems as a new, refined query for the next round of retrieval. The 

procedure is repetitive until the user is satisfied with the query result. Such systems are effective 

for many practical CBIR applications. There are two general types of image search: Target 

search and Category search [3], [4]. The goal of target search is to discover a specific (target) 

image, such as a registered logo, a historical photograph, or a particular painting. The goal of 

category search is to retrieve a given semantic class or genre of images, such as scenery images 

or skyscrapers. In other words, a user uses target search to find a known image. In contrast, 

category search is used to find relevant images the user might not be aware ahead of time. Two 

orthogonal issues in CBIR research are efficiency and accuracy. An effective CBIR system, 

therefore, needs to have both an efficient search mechanism and accurate set of visual image 

features. Euclidean distances between the images reflect their semantic similarity, and focus 

search techniques re-retrieve previously examined images (i.e., those retrieved in the previous 

iterations) when they again fall within the search range of the current iteration. This approach 

leads to the following disadvantages: 
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1.3.1 Local Maximum Trap Problem  

The search operation generally takes several iterations of RF to examine a number of regions in 

the feature space, before it finds the target image. During this iterative process, the search 

advancement might get trapped in a region as illustrated in fig. 1.1 

 

 
Fig. 1.1 Local Maximum Trap in Exiting Approach 

Fig. 1.1 shows s and t as the starting point ps and the target point pt, respectively. Initially 

the 3-NN search with ps as the query point yields three points ps, p1, p2 as the query result. Let 

us say, the user marks points p1 and p2 as relevant. With pr as the refined query, the next 3-NN 

computation again retrieves point p1, p2 and ps as the result. In this scenario, the search 

procedure is trapped in this local region and can never reach the target point pt. Although, the 

system can escape the local maximum trap with a larger k, it is difficult to guess an appropriate 

threshold. Subsequently, the user do not even know that a local maximum trap is occurring. 

 

1.3.2 Slow Convergence Problem 

Including previously examined images in the computation of the current centroid results in 

repeat retrieval of some of the images. This avoids a more aggressive movement of the search in 

the feature space. This disadvantage is illustrated in fig. 1.2 Where k=3. It shows that it takes six 

iterations for the search operation to reach the target point (pt). This slow convergence takes 

longer search time and significant computation and disk access overhead. 

 
Fig. 1.2 Slow Convergence in Existing Approach 

To address the aforementioned limitations, four target search methods are proposed Naive 

Random Scan (NRS), Local neighboring movement (LNM), and Neighboring divide-and-

conquer (NDC), and Global divide-and-conquer (GDC) methods. All these schemes are built 

around a common strategy: They do not re-examine previously checked images. 

 

2. TARGET IMAGE SEARCH SYSTEM AND METHODS 

The goal of target search methods is to avoiding local maximum traps, achieve fast convergence, 

reduce resource needs, and guarantee to find out target images. Re-evaluation of previously 

checked images is one of the several shortcomings of existing techniques that leads to the local 

maximum trap problem and slow convergence; the idea of leaving out checked images is chief 

motivation for a new design principle. To simplify discussion, suppose that users are able to 

accurately identify the most relevant image from the return images and this most relevant image 

should be nearby to the target image among the returned ones. To improve the retrieval 

efficiency, target search methods such as Naïve Random Scan (NRS), Local Neighboring 
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Movement (LNM), Neighboring Divide and Conquer (NDC), and Global Divide-and-Conquer 

(GDC) methods are used. 

 
Fig. 2.1 Overview of Target Image Search System 

Fig. 2.1 shows the target search system, here user chooses initial random images or the query 

images and then evaluate that images. User marks the returned images as positive or negative by 

applying the concept of RF. If user finds the target image, search will be terminated. Otherwise 

one of the target image search method will be applied to that current image database and refined 

query will be constructed. The query is again evaluated by user. In target search, the ultimate 

goal is to locate the target images, and if none is found, the final precision and recall of the 

search is zero. In CBIR with RF, the conventional recall and precision can be computed for 

individual iterations. For target search, “aggregate” recall and precision is used if after several, 

say i, iterations the target image is initiate, the average precision and recall are 1/(i.k) and 1/i, 

where k is the fixed number of images retrieved at each iteration.  

Number of iterations to find a target image is not only the most significant measure of 

efficiency but also the most significant indicator of precision and recall. A query (Q) for target 

search is defined as: Q = < nQ, PQ,WQ,DQ,S’,k>, where nQ  denotes the number of query points in 

Q, PQ denotes the set of nQ query points i the current search space S‟, WQ denotes the set of 

weights associated with PQ, DQ denotes the distance function and k indicate the number of points 

to be retrieved in each iteration, S’ denotes the current search space, k denotes the number of data 

points to be retrieved with Q. 
 

2.1 Algorithm for NRS Method 

Input: 

 Set of images S  

Number of retrieved images at each iteration  k  

Output: 

Target image Pt  

 1      Qs ← <0, PQ,WQ,DQ,S,k >  

2       Sk← EVAULATEQUERY (Qs)   /* randomly retrieve k points in S */  

3       S’= S - Sk 

4      while user does not find Pt in Sk do  
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5      Qr ← < 0, PQ,WQ,DQ,S’,k> 

6      Sk ← EVALUATEQUERY (Qr) /* randomly retrieve k points in S */  

7      S’= S’- Sk 

8      enddo  

9     return Pt 

The NRS method randomly retrieves k different images at a time until the user finds the target 

image or the remaining set is exhausted. At every iteration, a set of k random images are 

retrieved from the unchecked set S‟ for RF and S‟ is then reduced by k. Clearly, the Naive Scan 

algorithm does not suffer from local maximum traps and is able to locate the target image after 

some finite number of iterations. NRS is suitable for a small database set. 

 
2.2 Algorithm for LNM Method 

Existing techniques allow already checked images to be re-evaluated, which leads to drawbacks. 

And by applying this non re-retrieval strategy the method, such as MindReader [5] is proposed. 

The LNM is similar to NRS except lines 5 and 6.  
5      Qr ← < nQ, PQ,WQ,DQ,S’,k> 

6      Sk ← EVALUATEQUERY (Qr) /* perform a constrained k-NN query*/  

When LNM encounters a local maximum trap, it enumerates neighboring points of the query, 

and selects the one neighboring to the target image. Hence, LNM can overcome local maximum 

traps, although it could take a large amount iteration to do so. Again the iteration is required in 

the exceptional case. To simplify the worst case and average case problem analysis, S is 

uniformly spread and the distance between two nearest points is unity. 

 

2.3 Algorithm for NDC Method 

Although LNM can overcome local maximum traps, it does so inefficiently, taking many 

iterations and in the process returning numerous false hits. To speed up convergence, VD [1], [6] 

are used in NDC to reduce search space. 

Input: 

 Set of images S  

Number of retrieved images at each iteration  k  

Output: 

Target image Pt  

 1      Qs ← <0, PQ,WQ,DQ,S,k >  

2       Sk← EVAULATEQUERY (Qs)    /* randomly retrieve k points in S */  

3      VRi ← the minimum bounding box of S  

4      iter ← 1  

5      while user does not find Pt in Sk do  

6      if iter ≠ 1 then 

7     Sk+1 ←Sk + {pi}   

8     else 

9     Sk+1← Sk  

10   endif 

11   Pi ← the most relevant point € Sk+1  

12   construct a  VD inside VRi using points in Sk+1as Voronoi  Seeds/points 

13  VRi ← the Voronoi cell region associated with the Voronoi seed pi in VD  

14  S’ ← such points € S that are inside VRi except pi 
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15  Qr ← < 1, {pi},WQ,DQ,S’,k> 

16   Sk ← EVALUATEQUERY (Qr) /* perform a constrained k-NN query*/  

17   iter ← iter +1 

18  enddo  

19 return Pt  

The algorithm 2.3 gives the extensive steps for how NDC method works and how it approaches 

to the target image with minimum iterations by using the concepts of VD. From the string query 

Qs, k points are randomly retrieved (line 2). Then, the Voronoi Region (VR) is initially set to the 

Minimum Bounding Box (MBB) of S (line 3). In the while loop, NDC first determines the 

Voronoi seed set Sk+1 (lines 6 to 10) and Pi, the most relevant point in Sk+1 according to the 

user‟s RF (line 11). Next, it constructs a VD inside VRi using Sk+1 (line 12). The voronoi cell 

region include Pi in VD is not the new VRi (line 13). Because only VRi can contain the target 

other voronoi cell region can be securely pruned. To continue the search in VRi, NDC constructs 

a k-NN query using Pi as the anchor point (line 15), and evaluates it (line 16). The procedure is 

repeated until the target Pi is found. When NDC encounters a local maximum trap, it exploits 

VD to prune the search space and move toward the target image, consequently speed up the 

convergence. Therefore, NDC can overcome local maximum traps and achieve fast convergence. 

 

2.4 Algorithm for GDC Method 

To reduce the number of iterations in the worst case in NDC, the GDC method, as an alternative 

of using a query point and its neighboring points to construct a VD, GDC compose the use of the 

query point and k points irregularly sampled from VRi. Specifically, GDC replaces lines 15 and 

16 in NDC with 

15  Qr ← < 0, PQ,WQ,DQ,S’,k> 

16   Sk ← EVALUATEQUERY (Qr) /* randomly retrieve k in S’*/  

It uses the concept of voronoi diagram to purne the search space and move towards the target 

image with minimum iterations. There is no major difference in the functioning of GDC and 

NDC method. Except that instead of using a query point and its neighboring points to construct a 

VD of GDC uses query point and k point randomly sampled from VRi. 

 

2.5 Algorithm for GDCR Method  
 

 

 

 

 

 

 

  

 

Fig. 2.2 GDC using Ranking 

The retrieval result of CBIR system is a ranked image sequence, the ranking method is a key 

element for the final retrieval performance. A CBIR system and selection of relevant images by 

ranking is shown in Fig. 2.2. It presents the procedure of preparation of an image feature 

database. Low level features for color, texture and shape are extracted from images and stored in 

feature vector. An image feature database consists of several feature matrices created from 

Relevant Images Sorting and Ranking 

User Query and 

Matched Results 
Ranked Results 
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individual feature vector. The whole feature matrices are normalized. The user selects a query 

image and starts the image searching procedure. GDCR uses a set of steps in a searching process 

that results in the selection of a number of relevant images based on the query. Since after the 

initial search, selected relevant images are not displayed to the user i.e. it‟s pre-processing. The 

initial search is performed for each feature group (color, texture, shape), and individually by 

every feature. Based on the Euclidean distance from query image features the closest images are 

selected from each individual feature matrix. The images in the database are identified only by 

their ordinal number ID. A series of IDs is formed for each image feature. The arrays of image 

IDs are sorted based on the number of appearances (Ranking) of image IDs in each array [7].  

          The number of repeating image IDs in the appropriate group of features indicates the 

similarity to the query image by various criteria. Because of a number of the coordinates and 

their variance, there is a problem with the dominance of certain characteristics, when the 

Euclidean distance between feature vectors is used as the only criterion for similarity in the 

initial search. This problem is overcome with the indication of similarity by various criteria in 

the proposed algorithm. After sorting image files, the highest number of appearances are selected 

from each group of features and moved with a preserved rank order to a new set of arrays of 

color, texture and shape correspondingly. Reunion of arrays is prepared and resulting array is 

obtained. Selection of relevant images is achieved by the user of the query image feature vector. 

All image IDs in resulting array are sorted and ranked based on the Euclidean distance between a 

feature vector of images and a feature vector of the query. The highest ranks/rank from resulting 

array makes a new set of relevant images/image. Specifically, GDCR employ lines 17 and 18  

17  Qr ←Sorting (Qr,Sk) 

18   Qr ← Ranking (Qr,Sk) 

  

3. EXPERIMENTAL RESULTS AND PERFORMANCE ANALYSIS  

 
Fig. 3.1 COREL Database Images 

We have designed CBIR system which uses GDC using Ranking (GDCR) for better accuracy. 

The CBIR system performance measurement is done on the basis of Precision and Recall 

parameters. We have also compared the results of GDCR with some previous techniques. We 

have used COREL database which consist of 400 images of Car. Fig. 3.1 shows few images from 

COREL database. 
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Fig. 3.2 Query Image Selection 

Fig. 3.2 shows the graphical user interface for query image selection of CBIR system. The 

images in the database are added through the image train adding process when we click on the 

„Train Images‟ button. One of the test images is selected from the test image folder by clicking 

on the „Test Image‟ button. The images in the training database are matched one by one with the 

test image and the image which is nearest to the test image is displayed first by using the concept 

of VD approach by clicking on the „Process‟ button. The five buttons are offered, one for each 

target search method i.e. for LNM, NDC, GDC, GDCR and View Result.  

 

3.1 Results of GDCR Method 

 
Fig. 3.3 Images Retrieved with GDCR Method 

Fig. 3.3 shows the results obtained by GDCR method. Because of a number of the coordinates 

and their variance, there is a problem with the dominance of certain characteristics, when the 

Euclidean distance between feature vectors is used as the only criterion for similarity in the 

initial search. This problem is overcome with the indication of similarity by various criteria in 
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the proposed algorithm. After sorting, image files with the highest number of appearances are 

selected from each group of features and moved with a preserved rank order to a new set of 

arrays: color, texture and shape respectively. All image IDs in resulting array are sort and ranked 

based on the Euclidean distance between a feature vector of images and a feature vector of the 

query one. The highest ranks/rank from resulting array makes a new set of relevant 

images/image. 

 

3.2 Performance Measures 

3.2.1 Average Recall  
Recall is fraction of relevant images that are retrieved.  

100
Noof relevant images retrieved

Recall
Noof relevant images retrieved Noof relevant images not retrieved

 


 

Table 3.1 Average Recall of Different Methods 

 

 

 

 

 
Table 3.1 gives the comparison of recall of different methods with our proposed method. Our 

method has better recall than other methods. 

 

3.2.2 Average Precision 

Precision is fraction of retrieved images that are relevant.  

100
Noof relevant images retrieved

Precision
Noof relevant images retrieved Noof irrelevant images retrieved

 


 

Table 3.2 Average Precision of Different Methods 

 

 

 

 

 

Table 3.2 gives the comparison of precision of different methods with our proposed method. It is 

clear that our method is better in terms of precision also. 

 

CONCLUSION AND FUTURE WORK 

In the proposed work we have designed an accurate CBIR system using GDCR. Our method 

provides satisfactory retrieval of images from database. In our approach, we have used Global 

Divide and Conquer method along with Ranking for better accuracy of retrieval. The 

experimental results reveal that the proposed method outperforms other retrieval methods: LNM, 

NDC, and GDC in terms of average precision, average recall, and average iterations. Moreover 

the CPU time is effectively reduced with the use of ranking. If we use large database in the 

proposed system, then time complexity increases, though precision and recall are satisfactory. 

Hence we propose to work on reducing time complexity without compromising for precision and 

recall. 

 

 K=5 K=15 K=25 

LNM 1.3077 0.8667 0.5294 

NDC 0.9385 0.9467 0.9529 

GDC 0.9846 0.9867 0.9882 

GDCR 1.0000 1.0000 1.0000 

 K=5 K=15 K=25 

LNM 0.0037 0.0030 0.0022 

NDC 0.0984 0.1145 0.1306 

GDC 0.4129 0.4774 0.5419 

GDCR 0.4629 0.5274 0.5919 
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