









	
 Home

	 Add Document
	 Sign In
	 Create An Account














[image: PDFKUL.COM]






































	
 Viewer

	
 Transcript













Fast Shape Index Framework based on Principle Component Analysis using Edge Co-occurrence Matrix Zhiping XU, Yiping ZHONG, Shiyong ZHANG Department of Computing and Information Technology Fudan University, Shanghai, China, 200443 [email protected]



Abstract. The shape of an object is one of the most important features in content based image retrieval. However, the statistical feature of edge is rarely used as a feature that codes local spatial information. This paper presents an approach to represent spatial edge distributions using principal component analysis (PCA) on the edge co-occurrence matrix (ECM). The ECM is based on the statistical feature attained from the edge detection operators which applied on the image. The eigenvectors obtained from PCA of the ECM can preserve the high spatial frequencies components, so they are well suited for shape as well as texture representation. Projections of the ECM from the image database to the local PCs serve as a compact representation for the search database. The framework presented in the paper guarantee the accuracy and speed of the content based image retrieval in our work. Keywords: edge co-occurrence matrix, content based image retrieval, compact representation
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Introduction



Massive image databases are used in multimedia applications in the fields such as entertainment, business, art, engineering and science. Retrieving images by their content rather than external annotations has become an important operation. A fundamental ingredient for content based image search is the method used for comparing image features attained from each image stored in the image database. There are two general approaches for image comparison: intensity based and shape based. L Schomaker et al. [1] mentioned users of Content Based Image Retrieval (CBIR) were more interested in retrieval by shape than by color and texture. However, retrieval by shape is still considered one of the most difficult aspects of content based search. Some other system like IBM's Query By Image Content (QBIC) [2] is relatively successful in retrieving by color and texture, but performs poorly when searching on shape. The similar behavior is exhibited in some other systems. Shape matching is a central problem of computer vision, visual information systems, pattern recognition, and robotics. Shape matching can be applied in the industrial inspection, fingerprint matching, and content-based image retrieval.
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The matching process deals with transforming features into representations, and compares with the query representations using some dissimilarity measures. However, the shape of a pattern is the pattern under all transformations in a transformation group. The matching problem is studied in various forms. The problems encountered by the researchers in this scope are listed below: • High dimension data reduction problem. The dimension of the feature vectors attained from the image is extremely high, the reduction of feature dimension can achieved high performance in retrieval. • Computation problem. Compute the dissimilarity between the two patterns. • Decision problem. For a given threshold, decide whether the dissimilarity is smaller than the threshold. From many researches, the time complexities in retrieval are rather great, in order to solve this problem we proposed a framework that can fast index shape based on the Principle Component Analysis (PCA) using edge co-occurrence matrix (ECM). The rest of paper is organized as follows, section 2 shows the concept of edge cooccurrence matrix, Section 3 illustrates the principle component analysis applied in our work, Section 4 demonstrates the measure of dissimilarity of query image and stored images, Section 5 shows the architecture of Fast Shape Index Framework, Section 6 gives the experiments results in the framework, Section 7 concludes the works we have done.
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Edge co-occurrence matrix



The edge co-occurrence matrix is motivated by the Gray Level Co-occurrence Matrix (GLCM) [3,4]. The edge co-occurrence matrix (ECM) estimates image properties related to second-order statistics. Each entry (i,j) in ECM corresponds to the number of occurrences of the pair of edge block style i and j which are a distance d apart in original image. The edge block is generated from the edge map attained from edge detection algorithms, like Sobel, Canny detectors [5].



Pixel [i,j]



2x2 sub-window



Edge map of image



Fig. 1. The Edge Block of the Edge map



As is shown in Fig. 1, the edge block of the edge map is taken from the 2x2 subwindow in the edge map, the style of each edge block can be calculated according to
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Eq. (1).



Style =



∑



22i + j ⋅ P[i, j ]



(1)



( i , j )∈EdgeBlock



where



EdgeBlock



represents the 2x2 sub-window in the edge map, i, j respectively



represents the coordination in the sub-window, P[i, j ] represents the intensity value or the binary value applied by the threshold of current coordination (i, j). In our work, we only consider the binary form of P[i, j ] . According to enumeration of the edge block, there are 16 types of edge blocks. The combination of current edge block and neighbor edge block forms the matrix of edge block style based on the Eq. (2).



M 16 X 16 = [ S ]



(2)



⎧⎪1 S = ∑ p, p = ⎨ ⎪⎩0



Stylei , j = Stylei , j +1 Stylei , j ≠ Stylei , j +1



This matrix show all the statistical information about the style of edge block; however we found in the experiments that a large portion of the elements’ values were extremely small, and the dimension of the edge block style matrix was very high.
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Principle Component Analysis



Principle component analysis [6,9,10] is a useful statistical technique that has been found in application in many fields such as face recognition and image compression, and is a common technique for finding patterns in data of high dimension. It is a way of identifying patterns in data, and expressing the data in such a way as to highlight their similarities and differences. Since patterns in data are hard to find in data of high dimension, where the luxury of graphical representation is not available, PCA is a powerful tool for analyzing data. As above mentioned the dimension of the edge block style matrix is extremely high, in our work PCA is applied to analyze the edge block style matrix feature to gain the important feature vector from the image according to Eq. (3).



F = f ⋅D



(3)



where F is the final data vector of the image it represented, f is the matrix with the eigenvectors in the columns transposed so that the eigenvectors of the matrix of edge block style are now in the rows, with the most significant eigenvector at the top, and D is the mean-adjusted data transposed, i.e. the data items are in each column, with each row holding a separate dimension.
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The measure of dissimilarity



We gained the final data vector of its represented image, and these data are stored in the image database. When the user issue a query to the CBIR system, the query image was firstly applied with the edge detection operation to gain the edge map, then formulated the query image’s ECM matrix using above mentioned approaches, then using the f multiplied the query image’s ECM to gain the query vector Q . In our work, the measure of dissimilarity to each image stored in the image database can be attained by Eq. (4):



d (Q, I i ) = min Q − I i



(4)



where d (Q, I i ) is the Euclidian distance between two vectors, I i represents each image’s final PCA transformed vectors stored in the image database. The criterion of two images’ similarity is the minimum distance between the two images.
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Architecture of Fast Shape Index Framework



The architecture of Fast Shape Index Framework (FSIF) is illustrated below: Query Image



User Interface



Query Vector Result Image Sets



Image Database



PCA Filter



ECM Similarity Measurement Images



Fig. 2. The architecture of the FSIF



As illustrated in Fig. 2, the system first calculates the ECM of each image in the image database, and then uses PCA to transform the ECM into feature vectors to be stored in the image database. When the users issue the query image through the user interface, the query image applied the same steps that applied to each image in the image database to form the query vector. After the query vector is generated, the framework will do the similarity measurement between query vector and feature
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vectors of the image to find out the minimum distance image result set. Fig.3 shows the user interface of our framework.



Fig. 3. The user interface of the Fast Shape Index framework
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Experiments



6.1 Shape based query experiments Our work is focused on the shape similarity query in the image database. To illustrate the process of the experiments, we give the test image sets listed as follows:
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Fig. 4. The test image sets for shape based query



As illustrated in Fig.4, the images in the first row are same in size and shape but different in tilt and rotation angle, the images in the second row are same in shape and size but different in position, the third row images are neither same in size nor same position, but the outside shape is same, the forth row images are neither same in size rotation and position nor same in shape. Then the user issues the query image to the CBIR system to gain the results.



Fig. 5. Shape Query Examples



The rectangle box which enveloped hexagon and assembled shape in the Fig.5 indicated the query sample given by the user, the return image sets are ordered by the similarity according to the query image. The framework shows high precision rate in the rotation, shift and scale according to the experiments. In our case, the precision is calculated by terms of Eq. (5)



precision =



relevant _ images × 100% returned _ images



(5)
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Number of Images 20 50 100 500



Average Precision (%) 84.3 80.4 79.4 68.4



6.2 Natural image query experiment To date, we have tested our retrieval algorithm on a general-purpose image database with 1000 images from the Corel [7]. These images are stored in JPEG format with size 384x256, 256x384. The entire database has 10 categories with 100 images in each category. Most categories contain distinct semantics including building, flowers, vehicles, etc. When we do the nature image query experiment, we choose the same image categories used in Xiaojun Qi et al.’s work [8] for comparison. Table 2. Comparison of the average retrieval precision of each category



Proposed Ref. 8 Architecture 0.7061 0.5467 Beach 0.3274 0.2800 Vehicle 0.6044 0.5600 Flowers 0.8333 0.8233 Food 0.3926 0.5067 Horse 0.8872 0.8900 Average 0.6252 0.5650 From the Table 2, we can find that our method has better retrieval accuracy than the Xiaojun Qi’s approach in 4 categories and a little worse retrieval accuracy for the food and horse queries. It improves the overall average retrieval accuracy by 10.64%. Xiaojun Qi et al.’s work [8] used a combination of features to ensure the precision; however in our work we only used only one feature to gain such results, the reason of little worse retrieval accuracy for the food and horse queries is the interfere from statistical noise from the background object. The better way to solve this limitation is to combine some other features or using some filters to reduce the noise. 6.3 Speed The algorithm has been implemented using Delphi 6 on a Pentium IV 1.4 GHz, 752MB memory LENOVO Laptop running Windows XP Media Center operating system. Computing the feature vectors for 8000 color images of size 384×256 requires around 10 min. In average, 7ms is needed to compute all the features and apply the PCA for each image.
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Conclusions



A fast approach to CBIR is proposed in this paper. An image is first transformed into ECM generated from edge detectors. Then by using PCA method on the ECM data entry of each image in the image database, our system gains the final feature vectors. Users can query image by a sample image, which will be transformed into query vector. Such methods proposed by the paper have been proven to be more accurate and efficient than some other CBIR methods. This approach also shows the in born immunity to the scale and rotation of the shape. In order to gain higher accuracy in CBIR, our approach can be combined with some other features like textures and colors, also the artificial neural network and other machine learning methods will be plausible to enhance to precision of CBIR. Acknowledgments. The authors would like to acknowledge the comments of the two unknown reviewers whose insightful comments helped to improve this paper.
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