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Abstract

A new texture descriptor, called CSG vector, is proposed for image retrieval and image segmentation in this paper. The
descriptor can be generated by composing the gradient vectors obtained from the sub-images through a wavelet decom-
position of a texture image. By exercising a database containing 2400 images which were cropped from a set of 150 types
of textures selected from the Brodatz Album, we demonstrated that 93% efficacy can be achieved in image retrieval. More-
over, using CSG vectors as the texture descriptor for image segmentation can generate very successful results for both syn-
thesized and natural scene images.
� 2006 Elsevier Inc. All rights reserved.
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1. Introduction

Texture is one of the most important attributes used in image analysis and pattern recognition. It provides
surface characteristics for the analysis of many types of images including natural scenes, remotely sensed data,
and biomedical modalities and plays an important role in the human visual system for recognition and inter-
pretation. Although there is no formal definition for texture, intuitively this descriptor provides measures of
properties such as smoothness, coarseness, and regularity.

A common weakness of most of texture analysis schemes is that they analyze the image at one single
scale. Beck et al. [1] found that visual cortex can be modeled as a set of independent channels, each with a
particular orientation and frequency tuning. The multichannel processing is a strong motivation for multi
scale texture analysis methods. Several multichannel texture analysis systems have been proposed [2–4]. In
the last decade, wavelet theory has emerged and received the attention of the image processing society.
Daubechies [5,6] provided the discretization method of wavelet transform. Mallat [7] established the
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connection between wavelet transform and multi resolution theory. Since then, wavelet theory has become
a mathematical framework which provides a formal and unified approach to multi scale (multi resolution)
image analysis.

The main reason of using multi scale methods for texture image analysis is based on the theory that ‘‘big’’
patterns can be better captured by lower resolution processes while ‘‘small’’ patterns can be better captured by
higher resolution processes. However, big patterns are usually treated as objects rather than texture elements.
Thus, to avoid such an ambiguity, we carefully define a texture image to be dealt with in this paper as the one
having ‘‘homogeneous’’ texture elements which are small enough to be viewed as an integral texture surface
rather than individual objects of the same pattern in regular placement.

Based on the above assumption, we propose a new texture descriptor called Composite Sub-band Gradient

Vector (or CSG vector) for the texture images containing homogeneous small ‘‘texels.’’ A CSG vector is
formed by composing the gradient vectors generated from the sub-images of a wavelet transform of an image.
We applied this new texture descriptor to image retrieval in image database systems and image segmentation
to demonstrate its effectiveness. In the experiment of image segmentation, the CSG vector was used as a dis-
criminatory feature to segment both synthesized and natural scene images. The results from segmenting both
types of images were very successful. In image retrieval, the CSG vector was used as a texture descriptor to
extract images that are similar in texture to the query image from the database. We established an image data-
base containing 2400 texture images of size 128 · 128 pixels which were cropped without overlapping from a
set of 150 texture images of size 512 · 512 pixels selected from the Brodatz Album [8]. Two images are regard-
ed as similar only if they are cropped from the same original image. We adopt this rigorous criterion to pre-
vent any possible influence due to subjective factors. Our experimental results showed that 93% efficacy can be
achieved in image retrieval.

The paper is organized as follows. In Section 2, we briefly review the theory of wavelet decomposition
from which a CSG vector is derived. A new texture descriptor, the CSG vector, is introduced in Section 3.
The results of image retrieval and image segmentation by using CSG vectors as the texture descriptor are
presented in Sections 4 and 5, respectively. In Section 6 we summarize the results of the study and draw
conclusions.

2. Wavelet decomposition

The pyramidal wavelet transform uses a family of wavelet functions and the associated scaling functions to
decompose the original signal into different sub-bands. The decomposition process is recursively applied to the
low-frequency sub-band to generate the next level of the hierarchy. The wavelet and scaling filters are applied
in both the horizontal and vertical directions, followed by a 2–1 sub-sampling of each output image. This gen-
erates three orientation selective detail images Dj,k and a coarse or approximate image Cj, where k = 1,2,3 and
j represents the level of decomposition. The next level of resolution in the hierarchy is produced by repeating
the same process. Thus, the hierarchical wavelet decomposition of an image can be described by the following
equations:

Cj ¼½H x � ½Hy � Cj�1�#2;1�#1;2;
Dj;1 ¼½H x � ½Gy � Cj�1�#2;1�#1;2;
Dj;2 ¼½Gx � ½Hy � Cj�1�#2;1�#1;2;
Dj;3 ¼½Gx � ½Gy � Cj�1�#2;1�#1;2;

where * denotes the convolution operator, # 2,1 denotes down-sampling at every other pixel along the x-di-
rection, # 1,2 denotes down-sampling at every other pixel along the y-direction, and C0 = I is the original
image. Hx and Gx are a low and high-pass filter, respectively, along the x-direction. Hy and Gy are a low
and high-pass filter, respectively, along the y-direction. The original image is thus represented by a set of
sub-images at several scales {CJ, Dj,k}j=1, . . . , J; k = 1, 2, 3 which is a multi scale representation of depth J of
the image I. In our prototype system, we choose DAUB4 as the wavelet basis because it has the best average
performance [9].
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