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ABSTRACT 
This paper presents a Content-based Image Retrieval (CBIR) System, called DEICBIR-3. It retrieves the image 

which is similar to a given query image by searching in the database provided. It is using the standard MPEG-7 

image descriptors to find the relevant images similar to a query image. By comparing the results with previous 

systems, it is found that the performance of DEICBIR-3 is far better than previous systems. Further, the distance 

measure is changed from Euclidian distance to Tanimoto distance. This further improves the retrieval 

performance. Next, the user perception about the images is included using relevance feedback in the system 

which further improves the system performance. 

KEYWORDS: Content-based image retrieval, All MPEG-7 Descriptors, Edge Histogram Descriptor, Color 

Layout Descriptor and Color Edge and Directivity Descriptor (CEDD), NMRR (Normalized Modified Retrieval 

Rate), relevance feedback. 

I. INTRODUCTION 

THE volume of image data has grown tremendously in recent years due to increasing popularity of 

imaging devices such as digital cameras, the prevalence of low-cost high-capacity storage devices, 

and the increasing proliferation of image data over the Internet and wireless networks. This is 

reflected in many applications including online image libraries, e-commerce, biomedicine, military 

and education among others. This motivates the development of efficient image indexing and retrieval 

systems and algorithms. Traditional image retrieval systems use textual descriptors such as keywords 

to annotate images. This is, however, exhausting and time-consuming as they involve significant 

amount of human labor in manual annotations of large-scale image databases. In view of this, content 

based image retrieval (CBIR) systems have been developed to address these shortcomings. CBIR 

attempts to retrieve a set of desired images from the database using visual features such as color, 

texture, shape, and spatial relationships that are present in the images. The process of feature 

extraction and image indexing can be fully automated, hence alleviating the difficulty of human 

annotation in text-based retrieval systems [1]. 

Many research and commercial CBIR systems have been developed, including QBIC [2], MARS [3], 

Virage [4], Photobook [5], VisualSEEk [6], PicToSeek [7], and PicHunter [8].  

The principle components of CBIR are shown in figure 1. 
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FIGURE 1:  The principal components of all content-based image retrieval systems. 

The typical flow of CBIR is shown in figure 2. 

 

FIGURE 2: The flow diagram of CBIR. 

Despite these efforts, the retrieval performance of current CBIR systems remains relatively 

unsatisfactory. This is mainly due to the semantic gap between the low-level visual features (color, 

texture, shape) and the high-level human perception. 

In view of this, an interactive mechanism called relevance feedback (RF) has been introduced to 

bridge this gap [3], [7]. Under this framework, the users are integrated into the systems by providing 

their evaluations on the relevance of the retrieved images. These feedbacks are then used by the 

systems to learn the user information needs. Many relevance feedback algorithms have been adopted 

in CBIR systems and demonstrated considerable performance improvement [3], [7]–[12]. 

The remaining of the paper is organized as follows. In section 2, a brief description of MPEG-7 

descriptors are given, covering Edge Histogram Descriptor, Color Layout Descriptor, Scalable Color 

Descriptor, Color and Edge Directivity Descriptor and All MPEG-7 Descriptor. Section 3 consists of 

the concept of Averaged Normalized Modified Retrieval Rank (ANMRR) used for performance 

evaluation of CBIR systems. Section 4 gives the basic understanding of Tanimoto distance measure. 

Section 5 discusses the basic steps of DEICBIR 3 for image retrieval. Experimental results of the 

effectiveness of the present retrieval system are given in Section 6. Its subsection gives a comparative 

study of present section with DEICBIR [15]. Concluding remarks are given in Section 7. Finally, 

section 8 consists of future possibilities that can be implemented in the current system to further 

enhance its performance.  
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II. AN ANALYSIS OF MPEG-7 DESCRIPTORS 

In this section, the different image descriptors used in the system is described. 

2.1 Edge Histogram Descriptor 

The edge histogram descriptor captures the spatial distribution of edges. The distribution of edges is a 

good texture signature that is useful for image to image matching even when the underlying texture is 

not homogeneous. The computation of this descriptor is fairly straight forward (see Fig. 3). A given 

image is first sub-divided into 4*4 sub-images and local edge histograms for each of these sub-images 

is computed. Edges are broadly grouped into five categories: vertical, horizontal, 450 diagonal, 1350 

diagonal and isotropic (non-orientation specific). Thus, each local histogram has five bins 

corresponding to the above five categories. The image partitioned into 16 sub-images results in 80 

bins. These bins are non-uniformly quantized using 3 bits/bin, resulting in a descriptor of size 240 bits 

[13]. 

To compute the edge histograms, each of the 16 sub-images is further subdivided into image blocks. 

The size of these image blocks scale with the image size and is assumed to be a power of 2. The 

number of image blocks per sub-image is kept constant, independent of the original image 

dimensions, by scaling their size appropriately. A simple edge detector is then applied to each of the 

macro-block, treating the macro-block as a 2*2 pixel image. The pixel intensities for the 2*2 

partitions of the image block are computed by averaging the intensity values of the corresponding 

pixels. The edge-detector operators include four directional selective detectors and one isotropic 

operator (Fig. 4). Those image blocks whose edge strengths exceed a certain minimum threshold are 

used in computing the histogram. 

Thus, for an image block, we can compute five edge strengths, one for each of the five filters from 

Fig. 4. If the maximum of these edge strengths exceed a certain preset threshold, then the 

corresponding image block is considered to be an edge block. An edge block contributes to the edge 

histogram bins. 

Each of the image blocks labeled as edge blocks contribute to the appropriate bin of the histogram 

descriptor. These values are normalized to [0, 1]. A nonlinear quantization of the bin values results in 

a 3 bits/bin representation. 

2.2 Color Layout Descriptor 

The CLD is designed to capture the spatial distribution of color in an image or an arbitrary-shaped 

region. The spatial distribution of color constitutes an effective descriptor for sketch based image 

retrieval, content filtering using image indexing, and visualization. The functionality of this descriptor 

can also be achieved using a combination of grid structure descriptor and grid-wise dominant colors. 

However, such a combination would require a relatively large number of bits, and matching will be 

more complex and expensive. For several applications, a compact yet effective descriptor is needed, 

and the CLD satisfies these needs. 

The CLD is a compact descriptor that uses representative colors on an 8*8 grid followed by a DCT 

and encoding of the resulting coefficients. The feature extraction process consists of two parts; grid 

based representative color selection and DCT transform with quantization. An input picture is divided 

into 64 (8*8) blocks and their average colors are derived. Note that it is implicitly recommended that 

the average color be used as the representative color for each block. This partitioning process is 

important to guarantee the resolution or scale invariance. The derived average colors are transformed 

into a series of coefficients by performing 8*8 DCT. A few low-frequency coefficients are selected 

using zigzag scanning and quantized to form a CLD. The color space adopted for CLD is YCrCb. [14] 

2.3 The Scalable Color Descriptor 

The generic Color Histogram Descriptor defined in early MPEG-7 experiments is a compound 

descriptor consisting of color  
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FIGURE 3: Computing the edge histogram descriptor. 

 

 
 

FIGURE 4: Filters for edge detection. 

space, color quantization and histogram descriptors. This would allow specification of color 

histograms with varying numbers of bins and non-uniform quantization of different color spaces. 

However, it was not desirable to provide too much flexibility in such a specification, as it would limit 

interoperability between different descriptors based on MPEG-7. The SCD addresses the 

interoperability issue by fixing the color space to HSV, with a uniform quantization of the HSV space 

to 256 bins. The bin values are non-uniformly quantized to a 11-bit value. 

The scalable color descriptor (SCD) is defined in the hue-saturation-value (HSV) color space with 

fixed color space quantization, and uses a novel Haar transform encoding. The Haar transform based 

encoding facilitates a scalable representation of the description, as well as complexity scalability for 

feature extraction and matching procedures. 

This method achieves full interoperability between different resolutions of the color representation, 

ranging from 16 bits/histogram at the low end to approximately 1000 bits/histogram at the high end. 

Of course, the accuracy of the feature description is highly dependent on the number of bits used. 

However, core experiments have shown that good retrieval results are still achievable using only 64 

bits, while excellent results can be obtained using medium or full resolution of the descriptor [14]. 

 2.4 Color and Edge Directivity Descriptor (CEDD) 

CEDD or Color and Edge Directivity Descriptor incorporate color and texture information into one 

single histogram and it requires low computational power in extracting, comparing to MPEG7 

descriptors. Its main functionality is image-to-image matching where an image may consist of either a 

single rectangular frame or be arbitrary shaped, possibly with disconnected regions. 

 2.5 All MPEG-7 Descriptor 

This feature option is actually a combination of ScalableColor, ColorLayout and EdgeHistogram. It 

acquires very good performance by using global colors, spatial information of colors as well as border 

and line information. This indicates that a combination of basic features can give good enough results 

without loss of computational cost compared to using more complex features. The above three 

descriptors are combined taking the equal weights of all the three and form a composite descriptor 

which is named as All MPEG-7 Descriptor. 
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III. PERFORMANCE EVALUATION 

The objective Averaged Normalized Modified Retrieval Rank (ANMRR) [10] is employed to 

evaluate the performance of the image retrieval system that uses the proposed descriptors in the 

retrieval procedure. 

The average rank AVR (q) for query q is: 

  

 AVR (q) = ∑
Rank (k)

NG (q)

NG(q)
k=1                                                                                                        (1) 

where 

 NG(q) is the number of ground truth images for query q. A ground truth is defined as a set of 

visually similar images. 

 K= min (XNG * NG (q), 2*GTM).  

 GTM = max (NG). 

 If NG (q) > 50 then XNG = 2 else XNG = 4. 

 Rank (k) is the retrieval rank of the ground truth image. 

Consider a query. Assume that as a result of the retrieval, the kth ground truth image for this query q 

is found at a position R. If this image is in the first K retrievals then Rank (k) = R else 

Rank(k)=(K+1). 

The modified retrieval rank is: 

 

MRR (q) =AVR (q) - 0.5* [1+ NG (q)]                                                                                   (2) 

 

Note that MRR is 0 in case of perfect retrieval. The normalized modified retrieval rank is computed as 

follows: 

 

NMRR (q) =  
MRR (q)

1.25∗K−0.5∗[1+NG(q)]
                                                                                                        (3) 

                                                                                                         

Finally the average of NMRR over all queries is defined as: 

 

ANMRR =
1

Q
 ∑ NMRR (q)

Q
q=1                                                                                                               (4) 

where  

 Q is the total number of queries. 

The ANMRR is always in the range of 0 to 1 and the smaller the value of this measure, the better the 

matching quality of the query. ANMRR is the evaluation criterion used in all of the MPEG-7 color 

core experiments. Evidence shows that the ANMRR measure approximately coincides linearly with 

the results of subjective evaluation of search engine retrieval accuracy [14]. 

IV. TANIMOTO DISTANCE 

Cosine similarity is a measure of similarity between two vectors of n dimensions by finding the 

angle between them, often used to compare documents in text mining. Given two vectors of attributes, 

A and B, the cosine similarity, cos(θ), is represented using a dot product and magnitude as 

                                                                                                             (5)                      

For text matching, the attribute vectors A and B are usually the tf-idf vectors of the documents. 

Since the angle θ is in the range of [0, π], the resulting similarity will yield the value of −1 as meaning 

exactly opposite, 0 meaning independent and +1 meaning exactly the same, with in-between values 

indicating intermediate similarities or dissimilarities. 

This cosine similarity metric may be extended such that it yields the Jaccard coefficient in the case of 

binary attributes. This is the Tanimoto coefficient T(A, B), represented as 
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                                                                               (6) 

Unlike vector cosine, the Tanimoto coefficient is -⅓ to 1. 

V. THE PROPOSED SYSTEM (DEICBIR-3) 

The basic steps of the proposed system are as follows: 

 Calculates the Scalable Color, Color Layout and Edge Histogram Descriptors of all the 

images of the database. 

 Calculate All MPEG-7 Descriptor of all the images of the database by combining the Scalable 

Color, Color Layout and Edge Histogram Descriptors. 

 Calculate the distance of the query image supplied by the user with all the images of the 

database using Tanomoto distance measure and give the closest 100 images as results. 

 Let the user mark relevant images according to his/her perception from the results obtained. 

 Calculate the average of the descriptors of all these relevant images and form a new modified 

descriptor. 

 Supplied this new descriptor as a query descriptor. Calculate the new retrievals and provide 

the improved set of results. 

The flow diagram of DEICBIR-3 is shown in figure 5 below. 

FIGURE 5:  Flow diagram of DEICBIR-3. 

Table 1: Comparative evalution of DEICBIR 3 with DEICBIR. 

 

Features DEICBIR DEICBIR 3 

Descriptor Quantized Gradient 

Descriptors 

All MPEG-7 Descriptor 

Distance Measure Technique  Euclidian Distance Tanimoto Distance 

Database Size 5000 Images 10000 Images 

All MPEG-7 Feature Extraction of 

Relevant Images 

Relevant Images 

marked by the user 

Feature calculated by 

averaging the features of 

Relevant Images 

Lookup 

Relevance Feedback Loop 

All MPEG-7 Features 

Extracted by DEICBIR 2 
Database Index & Storage 

Image Database 

Query Result 

Images 
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The table 1 depicts the comparison of DEICBIR 3 with DEICBIR with respect to different features. 

The previous system uses Quantized Gradient Descriptor for finding the similarity between images, 

while the present system uses All MPEG-7 Descriptor. The distance measure technique used in the 

present system is Tanimoto distance measure, while in the previous system; it was the traditional 

distance measure, viz. Euclidian distance. Also, the database size for the present system is double the 

database size of the previous system, i.e. 10,000 images.  

VI. EXPERIMENTAL RESULTS 

The table 2 shows the ANMRR for the database size of 1000, 2000, 5000 and 10,000 images for All 

MPEG-7 Descriptors, Edge Histogram Descriptor, Color Layout Descriptor and Color Edge and 

Directivity Descriptor (CEDD). 

 

 

 

 

TABLE 2:  ANMRR for the database size of 1000, 2000, 5000 and 10,000 images. 

S.No. Descriptors Database Size 

1000 

Database Size 

2000 

Database Size 

5000 

Database Size 

10000 

1 

ANMRR for 

All MPEG-7 

Descriptors 
0.1432 0.1753 0.1968 0.2157 

2 

ANMRR for 

Edge 

Descriptor 
0.1312 0.1562 0.1936 0.2347 

3 

ANMRR for 

Color Layout 

Descriptor 
0.2495 0.2657 0.2989 0.3342 

4 

ANMRR for 

CEDD 

Descriptor 
0.2308 0.2823 0.3321 0.3541 

This is shown graphically as follows: 

 

FIGURE 6: Graphical representation of ANMRR for the database size of 1000, 2000, 5000 and 10,000 images. 
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From the graph, it is clear that the initially best result is obtained by Edge Descriptors for small size of 

database but as the database size increases, the best result is obtained by All MPEG-7 Descriptors. 

6.1 Comparison with DEICBIR [15] 

 

TABLE 3: Comparison with DEICBIR [15] for database size of 1000, 2000, 5000 images. 

S.No. Database Size 

ANMRR of 

DEICBIR 

ANMRR of 

our 

Experiment 

ANMRR of 

DEICBIR 

with 

Feedback 

ANMRR of 

our 

Experiment 

with 

Feedback 

1  1000 0.1641 0.1173 0.1219 0.0442 

2 2000 0.1811 0.1429 0.1412 0.0494 

3 5000 0.2514 0.1676 0.1612 0.0514 

4 10000 ------- 0.2041 ---------- 0.0626 

This is shown graphically as follows: 

 

FIGURE 7: Graphical representation of comparison with DEICBIR [15].

The graph depicts the considerable improvement is the retrieval performance of images using the 

DEICBIR-3 as compared to DEICBIR [15]. 

Figure 8 shows screen-shot of retrieval results. 
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FIGURE 8: Screen-shot of DEICBIR-3 for top 100 retrieval results. 

VII. CONCLUSIONS 

The paper presents a new content based image retrieval system which is using a new image descriptor i.e. 

All MPEG-7 Descriptor which is a combination of ScalableColor, ColorLayout and EdgeHistogram. It shows 

the improvement in the retrieval performance of the previous systems, as the descriptor used by the present 

system is using global colors, spatial information of colors as well as border and line information of images 

more efficiently. Further by introducing Tanimoto distance instead of Euclidian distance, the results are 

further improved. Also it is realized that no image retrieval system can be perfect without the user 

intervention, which has led to the concept of relevance feedback. 

 

VIII. FUTURE WORK 

 
 Our future plan is to improve the relevant feedback mechanism by the introduction of soft-

computing techniques like fuzzy weights according to different user perceptions to improve 

the performance of the system to meet the goal of modern image retrieval system which can 

bridge the gap between low level features and high level image features. 

 We have done some edge corrections on images using splines technique and calculate the 

results of the database of 5000 and 10000 images for various descriptors. 

 We are in the process to find the results of these corrections for DEICBIR system, so that we 

can compare its results with our results. 
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