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Abstract

We introduce an image retrieval method for searching an
image database by using a query image that has similarity
in its global and/or regional image contents to the intended
target. Our retrieval method makes use of 2-dimensional
wavelet decomposition (2-D WD) of the query and data-
base images. The coefficients of 2-D WD are used as the
multi-resolution image contents of the query and database
images. The similarity measure between the query and da-
tabase images is performed after mapping the significant
image contents onto the original image. The similarity is
estimated by investigating the distance between the posi-
tions of the mapped contents and the coincident degree of
the operation factors of 2-D WD such as the positive or
negative of the coefficients, resolution of decomposition,
and frequency information of decomposition. Our method
has an advantage to permit a position gap of image con-
tents and a pattern fluctuation, and it is easy to build the

image retrieval.

1 Instructions

Up to now, many image retrieval methods have been
developed. However, most of them make use of the secon-
dary information such as the image file name, image size,
and a date of acquisition etc., and the symbolized and/or
categorized image characteristics as the keywords for the
query. You can often see the former type image retrieval
system on the Internet. These methods suffer from difficul-
ties. It takes much time to manually tag all the images with
keys, and it is difficult to describe the visual aspects as
keywords. With the quick progress of hardware technology
on the digital camera, scanner and large scale storage de-
vices, etc. and rapid spread of world wide web with broad
band network, the size of the image database becomes
enormously large and more and more people access to the
growing database. Such a tendency causes the expansion
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and diversification of image retrieval method and many
approaches to content-based image retrieval [1,2,3] have
applied. QBIC [1] that is developed at IBM is one of the
most notable retrieval methods using image contents.
QBIC system allows users to make queries of large image
database based on visual image content -- properties such
as color percentages, color layout, and textures occurring in
the images. Such queries use the visual properties of im-
ages, so users can match colors, textures and their positions
without describing them in words. This system will be
useful in case that the query image consists of compara-
tively easy contents. However, in general, it is difficult to
make the query image according to the visualized contents
in the head, because various features are involved with the
queries and it is troublesome to make queries by using
these features. Besides, it is the case that we already have
images for the query and database images. In this paper, we
introduce an advanced image retrieval method for search-
ing an image database by using a query image that has
similarity in its global and/or regional image content to the
intended target. Our retrieval method makes use of 2-D
WD [4,5,6] of the query and database images. In the last
decade, the 2-D has received much attention as a promising
tool for image analysis, because it can provides not only
the localization both in spatial and frequency domains, but
also a further advantage in which the window size changes
with the frequency content of the image also. That means if
we look at an image with a large window size, we would
notice gross features of the image. Similarly, if we look at
an image with a small window size, we would notice small
features of the image. This makes wavelet interesting and
useful. In our method, the coefficients of 2-D WD are used
as the multi-resolution image contents of the query and
database images. The similarity measure between the query
and database images is performed after mapping the sig-
nificant image contents onto the original image. The
similarity is estimated by investigating the distance be-
tween the positions of the mapped contents and the
coincident degree of the operation factors of 2-D WD such
as the positive or negative of the coefficients, resolution of
decomposition, and frequency information of decomposi-
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tion. Our method has an advantage to permit a position gap
of image contents and a pattern fluctuation, because it take
the distance between the positions of image contents into
similarity measure, and it is easy to build the image re-
trieval system because of the simplicity of 2-D WD. The
flow of image retrieval is explained in section 2. Section 3
describes the explanation of the similarity measure in this
paper. In section 4, we show the experimental results of
image retrieval by using our advanced image retrieval
method. The paper finishes with some conclusions and
discussions.

2 Flow of Image Retrieval

The flow of the image retrieval method proposed in this
paper is divided into two stages. The one is the preparation
stage and the second is the image retrieval stage. In the
former, the multi-resolution image contents are extracted
from each database image by using 2-D WD and the con-
tents database is built. In the latter, the multi-resolution
image contents are extracted from the query image and
image retrieval is performed by estimating the similarity of
the contents between the query and database images by
using contents database.

Here we briefly explain 2-D WD. Set the level of an
original image at 0. In the initial level of decomposition,
one low-pass subimage (/,) ) is obtained by low-pass fil-
tering in both row and column directions, and three
high-pass subimages ( /,,,,/,,./,, ) containing high fre-
quency components are obtained. In the next level of
decomposition, the low-pass subimage ( /;} ) is further de-
composed into one low-pass subimage ( /) and three
high-pass subimages ( /,,;,/,;,/,;, ). The input image is first
convolved along the rows by the two filters L and H, and
the horizontal dimension of these two intermediate results
is decimated by 2. Each of the two “column-decimated”
images, /," and /', is then convolved along the col-
umns by the two filters L and H and decimated along the

Decimate
rows

by 2

Decima

rows
by 2

Pk

Decima
rows

by 2

Decima
columns
by 2

Decima .
rows 1
by 2

Fig. 2.1: Flow of 2-D DWT
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rows by 2. This decomposition results into four images
', on,, 1y, and I, . Each of these images, such as
the low-pass image, I,', is taken as the new input to per-
form the next level of decomposition and so on. Fig. |
shows the 3-level decomposition of 2-D WD.

Preparation stage: The multi-resolution image contents
are extracted from each database image by using 2-D WD.

Multi-resolution image content extraction: The pixel
value of an image is standardized to [0,1]. In case of a
color image, YIQ color channel is adopted. The stan-
dardized image is decomposed by using 2-D WD and
the coefficients of 2-D WD is sorted in order of a large
absolute value. The upper n coefficients are selected as
the significant multi-resolution image contents that rep-
resent the global and/or regional pattern in the image. In
case of the color image, the upper n coefficients are ex-
tracted from each YIQ color channel. The contents
consist of the coefficients with the position on the
2-dimensional decomposed image space and the opera-
tion factors of 2-D WD such as the positive or negative
of the coefficients, resolution of decomposition, and fre-
quency information of decomposition.

Image retrieval stage: The multi-resolution image con-
tents are extracted from the query image in the same way.
The similarity between the query and database images is
estimated by investigating the distance between the posi-
tions of contents and the coincident degree of the operation
factors of 2-D WD such as the positive or negative of the
coefficients, resolution of decomposition, frequency in-
formation of decomposition after mapping the upper n
image contents onto the original image.

In the conventional retrieval method by using 2-D WD
[7], the similarity between the query and database images
is estimated by counting a pair of image contents at the
same position on the 2-dimensional decomposed image
space, investigating the coincident degree of the operation
factors of 2-D WD such as the positive or negative of the
coefficients, resolution of decomposition, and frequency
information of decomposition. In our method, the similar-
ity is estimated by counting a pair of mapped image
contents less than the fixed distance on the original image,
investigating the coincident degree of the direction of posi-
tive or negative value of coefficients and frequency
information of decomposition. This pairing scheme pro-
vides us with precise estimation of the similarity for the
image contents that has a position gap of the image con-
tents and a pattern fluctuation. The robustness of image
retrieval is improved, even if there is the position gap. dis-



tortion and shift of the pattern between the query and data-
base images.

3 Similarity Measure

In this Section, we have the detailed explanation for the
similarity measure between the query and database images.

We use Haar wavelets because of its simplicity of im-
plements and fastest in computing time. In our system, 2-D
WD is applied to the extraction of significant
multi-resolution image contents, so that the drawbacks of
the Haar basis for lossy compression is take no account.

The standardized image is decomposed by using 2-D
WD and the coefficients of 2-D WD is sorted in order of a
large absolute value. The upper n coefficients are selected
as the significant multi-resolution image contents. Here we
define the resolution of decomposition for i-th image con-
tent, g (i=123,---,n), is ¢,°, and the center position of
g, on the original image after the mapping is ¢,”. In the
same way, the resolution of decomposition for the j-th im-

* and the center

age contents, ¢ (i=123,---,n), IS ¢,
position of ¢, on the original image is ¢,". The permissi-
ble difference of resolution of decomposition, R’ is
defined for pairing the image contents with different reso-
lution. For all image contents extracted from both the
query and database images by using 2-D WD, the center
position, ¢,"and ", on the original image after mapping
are calculated. In case that the direction of positive or
negative value of coefficients are the same and
q," —r,“‘s R’ calculate the distance, d, =}q,P -1, If 1,
has no pair, pair ¢, and ¢ , and store 4, . If ¢, isina
pair with g, (k # i), calculate the distance, d,, =|q"' -t,"
In case of d, <d,, pair ¢, and ¢, , and store d,. The
above process is repeated for i, j=123,---,n and all the

pair of the image contents at the nearest distance is made.
Here, similarity S is calculated by the following scheme.

\.d sr,

§= E{ 0.d,>r

where r, denotes the pairing radius.

4  Numerical Examples

In order to show the validity of our advanced image re-
trieval method using multi-resolution image content, the
experimental image retrieval using color landscape images
of VisTex [8] and gray-scale texture images [9] is per-
formed. The size of images is 256x256, the number of
significant multi-resolution image contents extracted for
every image is 400. The retrieval results by using our pro-
posed method are shown in Fig. 2 and 3. In the figures, the
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image at the upper left is the query image, the lower left is
the reconstructed image based on 400 image contents, and
others are retrieved images that have the similarity with the
query image. In Fig. 2, the images that have the pattern
fluctuation to the query image can be precisely retrieved.
In Fig. 3, the image with parallel translation of four direc-
tions can be precisely retrieved. It cannot obtain such
precise retrieval results by the conventional method [7].
Thus, it turns out that our image retrieval method is effec-
tive to enhance the robustness in the image retrieval in case
that the image has the position gap and distortion, and pat-
tern fluctuation.
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Fig. 2: Image retrieval results by using VisTex color scene im-

ages.

Fig. 3: Image retrieval results by using gray-scale texture im-

ages.

5  Conclusions

In this paper, we propose an advanced image retrieval
method using multi-resolution image content and verify the
validity of the proposed method for the image retrieval.
The method has the advantage to permit a position gap of
the image contents and a pattern fluctuation, because it take

the distance between the positions of the significant image



contents into similarity measure, and it is easy to build the
image retrieval system because of the simplicity of 2-D
WD. For the further study, more advanced use of the mul-
ti-resolution image contents is pursued.
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