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Abstract
There has been a great demand for efficient systems that
can rapidly retrieve images of interest from a large

quantity of images on the basis of the pictorial content -

such as color. Content-based image retrieval basically is
to find a similar picture or pictures in the database when
an image is given. In this paper we present a color-based
image retrieval approach using a wavelet transform. The
wavelet transform decompose the image into 4 subbands
(LL, LH, HL, HH). Only the LL component is further
decomposed until the desired depth is reached. Here we
treat that the final LL component represents the original
image. Color histogram is derived form the LL component
and later histogram intersection is carried out for
similarity process. We have shown in experimental work
that using the LL component during color extraction give
similar result when using the original image. Furthermore
the processing task is faster on LL component when
_ compare on the original image.

Keywords: Content-based Image Retrieval, Wavelets,
subband, color, RGB histogram. .

1. Introduction

In the past few years the demand for digital media
storage has increased tremendously. The internet for
example, is a distributed database system that contains
_ several millions of digital data. Many people access these
data frequently based on it’s content-based such as color,
texture and shape for various purposes. Some of the
application in this field are multimedia information
system, digital libraries, remote sensing and natural
resources management, movie industry and video on
demand. Most of the existing content-based image
retrieval system such as QBIC, VisualSEEK and
BlobWorld uses color, texture and shape in pixel domain
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to retrieve images. Recently the use of wavelet-based

approach for content-based retrieval has become an
interesting issue. The use of wavelet in compression has
played an important role such as JPEG2000. The wavelet
decomposition in wavelet technology has known to be an
excellent localization property in spatial/time and in

frequency domains and facilitates multiresolution analysis.

In this paper we present a color-based image retrieval
approach using a wavelet transform. In our method the
image first go through wavelet decompose in which
image is decomposed into 4 subbands (LL, LH, HL, HH).
Only the LL component is further decomposed until the
desired depth is reached. Here we treat that the final LL
component represents the original image. This is due to
the fact that the statistic of the LL component resulted is
almost the same as the statistic of the original image.
Thus the color extraction is performed using the desired
level of LL component rather than using the original
image. During color extraction the color histogram is
derived form the LL component and later histogram
intersection is carried out for similarity process. We have
shown in experimental work that extracting color directly
from the LL component minimize the processing time and
retrieving image is faster, _ - .

The organization of this paper is as follows. Section 2
explains the literature studies. Section 3 presents the
system architecture. The system components include
wavelet transform, color histogram and histogram
intersection. Section 4 presents the experimenfzﬂ' work
and finding. Finally section 5 is the conclusion.

2. Related studies

There has been a great demand for efficient systems

that can rapidly retrieve images of interest from large

quantity of images on the basis of the pictorial content.




Image retrieval system is to find a similar picture in the
database when an image is given [1, 6, 8, 10, 11, 12].
Thus content-based image retrieval is basically an object
recognition problem. Several = content-based - image

retrieval system has been proposed in the literature such

as QBIC, Photobook and Virage[6, 11, 13]. These
systems use low level image properties. Some of the
potential applications of image retrieval are: multimedia
information system, digital libraries, remote sensing and
natural resources management, movie industry and video
on demand [{6]. Recently wavelet transform [14] has
played important roles in image compression such as
JPEG2000 {2, 3, 4, 5, 15]and image retrieval : An
application of wavelet transforms is the formation of

classification features by using wavelet coefficients in .

high frequency bands. Subband and wavelet
decomposition are well adapted in classification of color,
texture and abnormal tissues in medical imagery. Color [7]
1 e of the most extensively used visual features in

nt-based image retrieval. Color histogram {9][10] is
a technique used to search color images in an image
database. An image is actually made up of several

. components. As in the case of RGB image ( truecolor ),

there are 3 components or masks that lay on top of each
other to achieve the resulting image. Mandal et. Al. have
proposed to compare the histogram of directional subband
'to find a match with the query image [16].

3. Color-based image retrieval system using
wavelet | et

This image retrieval system consist of four
components: ~wavelet transform component, color
extraction component, RGB histogram component and
histogram intersection as shown in figure 1. In off-line
processing a collection of image are being processed on
four components and stored the RGB histograms in the
database. In on-line processing user’s query is inputted
through user interface to the system and system will
produce the result immediately. Given an image, first the
wavelet transform is carried out then color extraction and
RGB histogram production. Histogram intersection
component is the matching process between
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Figure 1: System architecture

user inputted imaged to those images in" database. During
histogram intersection those most identical histograms are
identified and respective images will be appeared on
screen. Next section describes the component in detail.

3.1 v Wavelet transform

. Wavelets have long been used to assist researchers
and mathematician in handling and manipulating signals

[2]. The Wavelet Transform (WT) is a mathematical tool

for analyzing signals. Basically the WT decomposes a
given function f on different scales or frequency bands
[14]. This is done by convolving # with the translated and
dilated wavelet y:
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Lf(ab)=L [f(t)y(1=b) at
~ Na a

a

The parameter b allows investigating different parts of the
signal f separately. The size of a detail is related to a
specific range of frequencies, hence often called the
frequency parameter. Wavelet decomposition is produced
by an analysis filter bank and followed by downsampling
(14]. This process can be iterated as many stages as
desired. Figure 2 shows a 2D WT applied on an image.
Digital images are actually two dimensional, f{x,y). A
2D WT of an image can be easily computed by taking WT
along each dimension [5]. In figure 2, |2 denotes
downsampling by a factor of 2. Downsampling is done by
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dropping ei;éry even posiﬁon H denotes a highpass filter
and L denotes a lowpass filter. The resultmg image will
yield 4 bands:

1) horizontally and vertically lowpass (LL)

2) horizontally lowpass and vertically highpass (LH)
3) Thorizontally highpass and vertically lowpass (HL)
4) horizontally and vertically highpass (HH)

Usually, Wavelet decomposition is applied recursively on
the digital image. This means the decomposition is done a
finite number of times until a desired result is achieved.
The process is done depending on the level of compression

1 H®)

Image
fx,y)

rate desired, the size of the original image, and the length
of the filters [2]. The higher the desired compression ratio,

the more times the decomposition is done.

A (n-1)-level wavelet decomposition is associated with n
resolution levels (Figure 3(a)), numbered from 0 to n-1,
with 0 and n-1 corresponding to the cqarsest and finest
resolutions, respectively [3]. The LL, component js-the
most nearest image that resembles the original image
compared to other subband signals. Color information in

the LL, signal component will be extracted directly and

stored into RGB histogram for image retrieval.
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Figure 2: 2D WT producing 4 subbands HH, HL, LH, and LL.
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3.2 Color extraction and RGB histogram

Color histogram is a very popular method for
characterizing images in image retrieval systems using
color feature [8]{11][12]. A color histogram is constructed
by counting the numbers of pixels for each bin. RGB

Histograms uses RGB color space to analyze images. RGB.

color space is widely used in most of the existing content-
based image retrieval systems [7]. It contains three color
components which are red, green and blue. Each color is
represented by different wavelength. Each of this
histogram uses the same concept as gray scale. A
histogram is composed of multiple bins and each bin
corresponds to a certain range of values [1]. During the
construction of the histogram, every pixel in the image is
analyzed to get the intensity level of color components
based on the RGB space. These pixels will then be stored
into “*1s corresponding to specific intensity levels and
col ymponent (red, green blue). Then, the number of
pixel in each bins are calculated and stored. The number of
pixels and the intensity level are used to plot the histogram
for each color component.

In our systern system, color information will be
extracted from the LL component right after the wavelet
transform. RGB histograms can be quantized into 3
dimensions with each color dimensions containing 20 bins
cach. Color mmages are spited into 3 color channels, red,
green and blue. Then, a histogram is plotted for each color
channel. Therefore a color image will have three
individual histograms. The compressed image and its
corresponding RGB histogram will then be stored into the
database:

3.3 Histogram Intersection

. We use histogram intersection - technique as the
matching technique to retrieve images from the database.
Co istogram intérsection technique was used in [7] and
[8]. iustogram Intersection is used to compare two
histograms based on one interested color at the same time.
It is used to measure the similarity between histogram of
the reference image and the model image. The intersection
between histogram 4 and g are given by:
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When the reference image is inserted into the system, the
RGB Histogram is plotted for that image. The search
engine will first choose a single interested color histogram
then search for possible histogram that matches that
histogram. The histogram of the model image and the
reference image is then overlapped on top of each other
and the intersection area is observed. A larger intersected
area shows more similarity between the reference images
while smaller intersection shows otherwise.

4. Experimental Results

We have built a small prototype with 100 images on
SQL 7.0 server as the database. After the retrieval, only
the ‘top ten best matches are shown for each query image
as shown in figure 4. These matches are ordered according
to the best match (image with the highest similarity score,
calculated by the system using histogram intersection) in
the upper left. The second best match would be on the
right and so on.

5. Conclusion

In this paper we present a color-based image retrieval
approach using a wavelet transform. The wavelet LL
component and later histogram intersection is carried out
for similarity process. We have shown in preliminary
experimental work that using the LL component during
color extraction -give similar result when using the original
image. Furthermore the processing task is faster on LL
component when compare on - the original image. The
number of bins also has also been reduced. Future work
will focus on color and texture sing wavelet and subband
segmentation.
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Figure 4: Image retrieval results

References

(1]

(2]
Bl

[4]

(5]

(6]

[

(8]

Jing Huang and Ramin Zabik, “Combining Color and
Spatial Information for Content-based Image
Retrieval”, Computer Science Department, Cornell
University, Ithaca, NY

Hilton Micheal L., Jawerth Bjorn D., Sengupta Ayan,

“Compressing Still and Moving Images with Wavelets”.

Adams Micheal D., “The JPEG-2000 Still Image
Compression Standard”, Dept . of Elec. And Comp.
Engineering, University of British Columbia, 2001.
Areepongsa S., Kaewkamnerd N.; Syed Y. F., Rao K.
R., “Wavelet Based Compression for Image Retrieval
System”, The National Electronics and Computer
Technology Center, National Science and Technology
Development Agency, Ministry of Science,
Technology and Environment, Bangkok, Thailand.
Qureshi - Faisal Zubair, Image “Compression Using
Wavelet Transform”. -

Goujun Lu and Ben Williams, “An Integrated WWW
Image Retricval System”, Gippsland School of
Computing and Information Technology Monash
University, Churchill, Vic 3842, Australia. (1999).

M. Swain and D. Ballard, "Color Indexing,"
International Journal of Computer Vision, 7:1, 1991, p.
11 --32.

M. P. Dubuisson and A. K. Jain, "Fusing Color and
Edge Information for Object Matching," IE.E.E
International Conference on Image Processing, Nov.
1994..

49

(%]

[10]

(1]

[12)
(13]

(14]

(15]

[16]

Transactions on Image Processing. Vol

Chuping Liu, Julien Lamoureux, Yuxin Wang and
Yunan Xiang, “Histogram Algorithm for Image
Indexing”. _
JR. Smith et al, “Tools and Techniques for Color
Image Retrieval”.
John R. Smith and Shih-Fu Chang, “Automated Image
Retrieval Using Color and Texture”, Columbia
University, Department of Electrical Engineering and
Center for Telecommunications Research, New York,
N.Y. 10027, Columbia University Technical Report
TR# 414-95-20, July 1995.
T.S Chua, S-K Lim and H-K Pung, "Content-based
Retrieval of Segmented Images," Proceedings of ACM
Multimedia 94, San Francisco, Ca., October 1994.
S.F. Chang, JR. Smith and H. Wang, "Automatic
Feature Extraction and Indexing for Content-Based
Visual Query," submitted to IEEE Computer, 1995
P. C. Cosman, R. M. Gray and M. Vetterli, “Vector
Quantization of Image Subbands: A Survey”, IEEE
5, No.2,
February 1996. :
A S. Lewis and G Knowles, “Image compression
using the 2-D Wavelet Transform”, IEEE Transactions
on Image Processing. Vol. 1, No.2, April 1992.
M.K. Mandal, T. Aboulnasr and S. Panchanathan,
“image indexing using moments and wavelets,” TEEE
trans. On Consumer electronics, vol 42, No. 3, pp 557-
565, Aug 1996.




