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Abstract - In this paper, we describe our research in content based image retrieval systems, based on
color features. The growing size of the database will result in long search time which may be unacceptable in
many practical situations. We describe our approach to solving this problem and to improve the performance
of the image database management system, based on color features, by using of sorted list structures.
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INTRODUCTION

There is a rapid increase in the size of digital image collections together with the fast
growth of the Internet in the recent years. Digital images have found their way into many
application areas, including Geographical Information System, Office Automation, Medical
Imaging, Computer Aided Design, Computer Aided Manufacturing, and Robotics.

For content-based image retrieval (CBIR), i.e. searching in image databases based on
image content, several image retrieval systems have been developed. One of the first
systems was the QBIC system [8]. Other popular research systems are BlobWorld [10],
VIPER/GIFT [11], SIMBA [9], and SIMPLIcity [12]. All these systems compare images
based on specific features in one way or another and therefore a large variety of features
for image retrieval exists. Usually, CBIR systems do not use all known features as this
would involve large amounts of data and increase the necessary computing time. Instead,
a set of features appropriate to the given task is ususally selected, but it is difficult to
judge beforehand which features are appropriate for which tasks. The fundamental idea of
the CBIR approach is to generate automatically image descriptions directly from the image
content by analyzing the content of the images. Such techniques are being developed by
many research groups and commercial companies around the world.

DEFINITION OF THE PROBLEM

Color is the first and most straightforward visual feature for indexing and retrieval of
images [5, 6, 7]. It is also the most commonly used feature in the field. In our previous
work in the field of color content based image retrieval systems [1, 2, 3, 4] we proposed
two types of image descriptors. First one is based on global color features of the images
and represents the dominant colors in the images. It is used for hierarchical classification
of the images in image database.

Another color descriptor, called ColorDescriptorMatrix, we propose to describe
local color features or color distribution in the images. The original images were NxN
quantized and were represented as NxN blocks (or sub images). We examined the
creation and retrieval time and database size depending on the size of N in [2] and made
the conclusion that N=16 is the most adequate for our purposes. In order to create this
index structure the whole image is divided into 256 equal parts. This matrix stores the
coefficient of the dominant color from the selected color code book in the corresponding
part of the image. The advantages and disadvantages of these two structures are
presented in [1, 3]. Also in [3, 4] is described the main algorithm for image database
organization and retrieval.

The growing size of the database will result in long search time which may be
unacceptable in many practical situations. Even if the time required to compare two
images is very short, the cumulative time needed to compare the query image with all
database images is rather long and is probably longer than the time an average user
wants to wait.
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SOLUTION OF THE PROBLEM, EXPERIMENTS AND RESULTS
Our approach to solving this problem and to improve the performance of the image
database management system, based on color features, is to use following list structures:
Add new images in image database
1. ColorDescriptorMatrix is calculated and determined. It consists of 256
elements per image.
2. 10 lists are formed per each of these 256 blocks. These lists consist of the
image IDs. As an ID we use the consecutive number of the images in the database.
The number of lists is equal to 10 because after the implementation of the color
reduction algorithms we have 10 possible dominant colors (from the color code book,
presented in table 1). According to the dominant color in each block the image ID will be
added to the corresponding lists of these colors and blocks.

Table 1

Des(i:?ilp?tror Color Mapped

0 Uncertain Colours: “very dark” or “very bright”

T[] White

2 [ Grey

3 IR Black

4 1N Red, Pink

5 Brown, Dark Yellow, Olive

6 [] Yellow, Orange, Light Yellow

7 Green, Lime

S IR Blue, Cyan, Aqua, Turquoise

9 - Purple, Violet, Magenta

As a result of this approach every image from the image database will be added
with its ID in 256 lists. The total number of lists in the database will be: 256x10 = 2560
(Figure 1)

ListLL0  [Iml22 [ Im312 | Im21 | Im435 | ... |
List L1l [Im22 [ Im312 [ Iml2]1 [ Im35 | ... |
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Figure 1. An example list representation of the colors in quantized color images
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Image retrieval

1. For both type of queries: Query by Image Example and Query by User
Sketch first step is to calculate and define ColorDescriptorMatrix of the query,
using the same algorithms as for adding new image in the database.

2. When we have the matrix of the query we analyze it consequently block by
block and build temporal query list. This temporal query list contains the IDs from
the corresponding lists in the image database of the dominant colors and the
positions of the blocks in the query. So it contains 256 lists from the database.

3. The iterative IDs will be grouped after sorting of this temporal query list. The
number of IDs in every group is determined and the query list is modified to contain
the IDs and the corresponding number of the coincidence of this ID in the query list.

4. This modified query list is sorted according to the descending number of the
coincidences per each ID.

After these steps the IDs of the most similar images will be in the beginning of
the query list
The similarity between the query and the images from image database is defined as:

BR
SIM = 252 *100% - if the query type is Query by Image Example

or:

BR
SIM = —=-%100%- if the query type is Query by User Sketch,
spec
where:
BR,, - is the number of the blocks in which the dominant color is the same as this in the

query, this is the number of the coincidence in the temporal query list for every ID;
BR,,. - if the query type is Query by User Sketch it is possible that the user is looking

for similar images not as a whole, but only for images that contain a specific color in a
specific position in the image and he does not define the dominant colors in all blocks. If
some of the dominant colors are not defined this means that they are not important for the
query and they will not take part in the results. (Figure 2). In this case the temporal query
list contains only the lists for the dominant colors of the specified blocks and only these
blocks are analyzed.
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Figure 2. Query by User Sketch — the user is looking for images that contain purple
and green in the center of the image and the rest part of the image is not important.
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CONCLUSIONS AND FUTURE WORK
The main disadvantage of this approach for large image database organization is the
number of lists — 2560, which in practice are separate files.
On the other hand, on executing different type of queries is not needed to search all of
these large number of lists but only 256 of them or less if the query type is Query by User
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Sketch, and the user is specified not all blocks in the query. The number and the exact
lists are defined by the query matrix. ColorDescriptorMatrix of the query defines the
exact numbers of the lists using this simple name convention for the files of lists:

o First two numbers in the name of the list are indexes in the matrix (Figure 1) and
they can be from 1 to 16;

0 Third number in the name is defined by the number of the dominant color in this
block (table 1 and figure 1) and the possible values are from 0 to 9. This number
is equal to the corresponding value in the matrix in the position of two first
numbers.

Efficiency of this approach for image database organization and retrieval depends on
the selected algorithms and methods for fast file sorting and searching. These algorithms
are well known and widely used in the field of theory and practice of the algorithms and
data structures.

As a conclusion it is useful to say that the proposed approach is very efficient in respect
of similarity calculating, because the similarity coefficients are calculated automatically
through the process of list scanning. The number of the blocks with the same dominant
colors is equal to the number of the repetition of the corresponding image ID in the final
query list. The most similar images are in the beginning of this list.
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