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ABSTRACT

The paper presents an approach for detecting directional information in texture images using the Radon transform. We
then examine how this approach increases retrieval accuracy in a conventional texture based image retrieval system
whose texture feature is usually extracted using the Gabor wavelet transform. For evaluation of the system, we originally
used 864 images from the Brodatz album with different textural structures. However, in order to show the capability of
rotation invariancy in our approach, we also added some rotated versions of these images to the dataset. Experimental
results indicate that the proposed system outperforms conventional approaches.

1. INTRODUCTION

In recent years, Content Based Image Retrieval
(CBIR) has been a very active and interesting
research area, with the thrust from two major
research communities; database management and
computer vision. Using CBIR techniques, images are
indexed by their own visual content or features, such
as color, shape, texture, etc. Similarity assessment
can be then achieved by comparing image feature(s)
between two different images [1] [2].

In this paper, we are concerned with the problem
of texture analysis, which in addition to CBIR, plays
an important role in other applications including
medical imaging, remote sensing, and document
segmentation. Among different texture analysis,
translation, rotation, and scale invariant analysis
methods have been of particular interest [3]. Here, we
propose an approach for detecting directional
information in texture images to be able us to make
texture features used in CBIR system rotation
invariant.

Roughly speaking, the class of texture images

includes images that are spatially homogeneous and
consist of repeated elements, often subject to some
randomization in their location, size, color, and
orientation. The most common methods for extracting
texture feature are based on multi orientation filter

banks, spatial Gabor filters, and wavelet transform
[4] [5].

However, these techniques are not originally
rotation invariant, which is one of the most important
properties of a CBIR system. This is an issue that
has been pursued by various researchers. Greenspan
et al. [6] and Haley and Manjunath [7] [8] employed
rotation invariant structural  features,  using
autocorrelation and DFT magnitudes, obtained via
multiresolution Gabor filtering. A rotation invariant
image retrieval system based on steerable pyramids
was proposed by Beferull Lozano et al. [9], where at
each level of a wavelet pyramid, the correlation
matrices between several basic orientation subbands
were chosen as the energy based texture features.
There are also some works using Fourier descriptors
to make texture features invariant to rotation (e.g.

(10] [11D).
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In this paper, as mentioned before, retrieval is done
based on the texture feature whose extraction is done
using Gabor filters. In order to make the texture
features invariant to rotation, the Radon transform is
applied to the texture image to estimate directional
information which we use it then to adjust the
orientation. The extracted information is the basis for
feature matching in the CBIR system. After a query
image is submitted by user, the system extracts
texture feature for the query image and compares
them with the feature information of different images
in database, considering the direction information, to
find some candidate images which are more similar
to the query.

2. GABOR FILTERS FOR TEXTURE
EXTRACTION

Texture analysis algorithms range from methods
using random field to those which apply
multiresolution filtering techniques such as wavelet
transforms and Gabor filters [4] [5]. A two
dimensional Gabor function g(x, y) and its Fourier
transform G(u, v) can be written as:

2 2
gG.7)=| s—— [exp| 2| Z-+ L |+ o | (1)
2r0,0, 2o, o,

G(u,v)= exp[—l[w+iﬂ (2)
2 a, o,

whereOu =1/2%0, 4nq O, =1/270,

Gabor Functions form a complete but
nonorthogonal basis set. Expanding a signal using
this basis provides a localized frequency description.
Here, a class of self similar functions, referred to as
Gabor wavelets is considered. Let g(x y) be the
mother Gabor wavelet, then this self similar filter
dictionary can be obtained by appropriate dilations
and rotations of g(x,y) through the generating
function:

where € =n7/K and K is the total number of
orientations. The scale factor a m in Eq. (3) is
meant to ensure that the energy is independent of m.

g, y)=a™"g(x',y'), a>1, mn=integer

x'=a™(xcos@ + ysin@), and (3)

y'=a™(-xsin@+ ycosf)

Given an image I(xy), its Gabor wavelet
Transform is then calculated as:

Gm,(x,y)=ZZ!(S,f)gm"‘(I—S,y—f) (4)

where gmn is as defined in Eq. (3) and * indicates
the complex conjugate. Here, to take the advantage
of the nonorthogonality of the Gabor wavelets which
leads to the redundant information in the filtered
images, we use the parameters of Gabor Filters (in
Eq. (3)) as defined by Manjunath and Ma [5]):
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where Ul and Uh denote the lower and upper
center frequencies of interest whose values set to be
0.05 and 04.

Calculating the transform coefficients Gmn for S

)

scales and K orientations, the texture image as well
as texture feature of the image I(xy) can be
extracted.

3. RADON TRANSFORM

The Radon transform, which is related to Hough
transform [12], is able to transform two dimensional
images with lines into a domain of possible line
parameters, where each line in the image will give a
peak positioned at the corresponding line parameters
(13]. In the most popular definition for the Radon
transform, a line is defined as:

P =x*cos(0)+ y *sin(d) (6)
where € is the angle and?is the smallest
distance to the origin of the coordinate system. Based



on this form, the Radon transform for a set of

parameters (©,6) is the line integral through the

image f(x,y), where the line is positioned
corresponding to the value of (2>€) and can be

calculated by applying the following formula:

2p.0)= [ [ f(x3)8(p-xcost- ysind)dxdy ()

Using the definition, an image containing for
example two straight lines are transformed into the
Radon transform as shown in Fig. 1. It can be
indicated that two very bright spots are found in the
Radon transform, and their positions shown the
parameters of the lines in the original image.

(b)

Fig. 1. An Image with two lines (a) and its Radon

transform (b).

Due to such a property of the Radon transform, it
has been used widely in image analysis algorithms.
We will show in Section 4.1.1 how the Radon
Transform is applied to estimate the orientation in
texture images.

4. PROPOSED TEXTURE-BASED CBIR

4.1. Feature Extraction
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As mentioned before, the texture feature extracted
using Gabor wavelet is not invariant to rotation. So,
we need to apply a suitable strategy for estimating
the rotation in texture images, especially for isotropic
(directional) textures. To do this task, we first
extract a texture image using Gabor filtering
technique, and then apply the Radon transform to
estimate its possible direction(s). We finally extract
the texture feature based on the rotation information.
Figure 2 illustrates the abovementioned procedure.
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Fig. 2. Block diagram of the proposed system for rotation
invariant texture feature extraction.

4.1.1. Texture Image

A texture image t(x,y) can be constructed by first
taking the magnitude of the sum of all transform
coefficients Gmn and then modifying this value as

follows:

T(x+ N/2,y+Nf2),  1Sx<N[21<p<N/2
T(x+Nf2+1,y-N[2), 1sx<sNf2,N[2<ysN
T(x=N/2,y+N[2), Nf2<x<N,(2y<N
T(x=Nf2,y-N/J2), Nf2<xsN,Nf2<y<N (8)
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In Eq. (8), for simplicity (and without loss of
generality), we suppose that the image I is NxN and
N is even. Figures 3, 4, and 5 (b) show examples of
the texture images extracted using Gabor filters,
where Figures 3, 4, and 5 (a) are their original
images, respectively.

4.1.2 Texture Feature

A texture feature vector f for S scales and K
orientations can be constructed using the mean # mn

and the standard deviation of 9 m» of the magnitude of
the transform coefficients Gmn as:
Since such a feature vector is not necessarily






