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ABSTRACT

With the coming of the information age, our sociological system change extensively, and
everything has moves toward digitization. Due to the rapid development of Internet, information
technology, the rapid growth of image databases and digital libraries recently, the related researches
of image retrieval have become a very important issue. In this memoir, we propose an image
retrieval scheme based on the vector quantization to retrieve similar images from the image
database according to the pre-collected image features. \ector quantization is a very simple image
compression scheme. We have applied vector quantization to extract features from grayscale
image. In order to speed up the retrieval process, we also calculated the mean pixel values of
whole images and the central part of the image to filter the images, which are significantly

dissimilar to the query image.

The experimental results show that our proposed approaches can effectively extract features
from the image and enable users to retrieve images from image database quickly and accurately.
When images stored in image database match query image, the proposed scheme can instantly
retrieve the stored image at the first rank. Even though images stored in image database query
image exactly, the proposed scheme can instantly retrieve the stored image over 74.3% at the first

five ranks.
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1. Introduction

Content-Based Image Retrieval (CBIR), the technique to retrieve images based on automatically
derived image features, is developed due to exponential growth of Web pages [1, 5, 6]. However,
current CBIR systems have their drawbacks: one way to solve it is to find a new representative feature
to improve efficiency. A simple compression scheme named Vector Quantization is used in this
project.

Vector quantization (VQ) is used in many applications such as image and voice compression.

According to common definitions, VQ is composed of two operations: the first is an encoder, and the
second is a decoder. The encoder takes an input vector and outputs the index of the codeword that
offers the lowest distortion. In this case the lowest distortion is found by evaluating the Euclidean
distance between the input vector and each codeword in the codebook. Once the closest codeword is
found, the index of that codeword is sent through a channel (the channel could be computer storage,
communications channel, and so on). When the encoder receives the index of the codeword, it
replaces the index with the associated codeword.

We hypothesize that a small part (vectors) of a compressed image, which consists of the most used
indices of codeword, can significantly represent the whole image, and so can be compared to other
images efficiently. An image retrieval system which records indices as features is proposed.

2. Materials & Methods

2.1 Programming Environment

Images: 2,363 images classified into 15 categories  Type: 512x512 raw format (Grayscale)
Complier: Borland C++ Builder 6 Professional Platform: Windows XP with Intel Pentium 4
3.0GHz

2.2 The Experimental Method

2.2.1 Design a Codebook with LBG Algorithm
We manually select five images for training, and create a codebook by LBG (Linde-Buzo-Gray)
algorithm. This codebook is used in VQ while compressing images.

2.2.2 Encode All Images with Full Search

Full search is a method to search the image pixels (Fig. 2), where each vector is compared to all
codewords, and the codewords, which are nearest to the vectors, are regarded as indices.
We developed a program to extract features of all images with full search, and then the most-used 10
indices of each image were recorded in the feature database.

2.2.3 Query Images

We query image (Fig. 4-8) with the above feature database. The scoring function in Fig.2 is used
when we calculate the image similarity. Finally, a result with images of best 5 matches in similarity
order for every image will be shown. We also provided a precision-recall diagram, however, without
early rejection.



2.2.4 Early Rejection

For Computational efficiency, we calculate the mean intensity of the central block of the query
image, and compare it to the mean of all images within the same class. If the difference is bigger than a
given threshold, early rejection is applied.

Input five
representative
images Design a codebook A codebook with 256
by LBG algorithm codewords
= Encode all images and record
Images ——»| theindices of the codewords

Calculate the 10 most
used indices

A database including 2363
images with it’s pre-calculated
features

Query using
scoring function

Retrieval result, showing
five images in one page

Fig .1 The experimental method.

Table 1 Scoring function as a table, where query image features are compared to database image
features using the weighting factors listed above.

Features| L% ond g 4t 5th gth 7th gth o | 10t
1" 10.200{0.188(0.176 | 0.164 | 0.152 | 0.140 | 0.128 | 0.116 | 0.104 | 0.092
2" 10.188 |0.180 | 0.168 | 0.156 | 0.144 | 0.132 | 0.120 | 0.108 | 0.096 | 0.084
3" 10.1760.1680.1600.148 | 0.136 | 0.124 | 0.112 [ 0.100 | 0.088 | 0.076
4" 10.1640.156 | 0.148|0.140|0.128 | 0.116 | 0.104 | 0.092 | 0.080 | 0.068
5" 10.152|0.144]0.136 | 0.128 [ 0.120 | 0.108 | 0.096 | 0.084 | 0.072 | 0.060
6" 10.140|0.132]0.124|0.116 | 0.108 | 0.100 | 0.088 | 0.076 | 0.064 | 0.052
7" 10.128]0.120 | 0.112 | 0.104 | 0.096 | 0.088 | 0.080 | 0.068 | 0.056 | 0.044
8" 10.116|0.108|0.100 | 0.092 | 0.084 | 0.076 | 0.068 | 0.060 | 0.048 | 0.036
9" 10.104|0.096 | 0.088 | 0.080 | 0.072 | 0.064 | 0.056 | 0.048 | 0.040 | 0.028
10" 10.092 | 0.084 | 0.076 | 0.068 | 0.060 | 0.052 | 0.044 | 0.036 | 0.028 | 0.020




Fig. 2 Microblock and encoding sequences. Each microblock contains 16 pixels, and there are 16384
microblocks in an image (512x512 pixels).

3. Result

The experimental results show that our proposed approach can effectively extract features from the
images and enable users to retrieve them from an image database of 2363 images with 15 classes
quickly and accurately. When images stored in image database are matched to the query image, the
proposed scheme can instantly retrieve the stored image in a proper ranking order in terms of similarity.
In short, the proposed scheme can retrieve the stored image at a precision of over 87.9% for the first
five ranks (Fig. 4). If the query image is also in the database, it can be retrieved in the top place with a

precision of 99.7%. In the following, a precision-recall diagram [1, 3, 4] (Fig.6) is provided, and so can
be compared to other existing approaches.
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Fig. 3 Precision of 15 image categories with at least one correct image in the top five ranks.
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Query Image 1 Query result in terms of similarity, from left to right.

Query Image 2

Query Image 3

Fig. 4 Anexample query interface, where the left most is the query image, and the right five
images are the query results, ranked in terms of similarity defined in Table 1.
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Fig. 5 More results
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4. Discussion

Although the current system (Fig. 4-8) is efficient, limitations of our current implementation include:

1. The proposed feature is not rotation invariant, and it means that the same image can not be
retrieved if rotated 90 degrees, for instance.

2. It does not deal with color, although the proposed method can be modified to include color as a
feature. The simplest method is to treat color as three independent components such as (R, G, B)
values.

3. Advanced features such as texture are not given special treatment here, although frequency
analysis as an independent feature can be easily applied.
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Recall (x100%)
Fig. 9 Precision-recall diagram of 2363 images in 15 categories, where the precision is given as the

correct retrieval rate for an average of 15 categories, and the recall rate is defined as the ratio of the
images that are correct images retrieved over the number of all retrieved images.



5. Conclusions

1. Using VQ in image retrieval is efficient and useful.

2. User feedback and manual filtering can potentially increase the retrieval precision, since our system
can retrieve top five candidates in 0.7 seconds.

3. The proposed scheme can retrieve the stored image at a precision of over 87.9% for the first five
ranks. If the query image is also in the database, it can be retrieved in the top place with a precision
of 99.7%.
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