The Proceedings of the

12th INTERNATIONAL WORKSHOP
ON SYSTEMS, SIGNALS & IMAGE PROCESSING

Title Pages &
Table of Contents &

Editorial &

Search Proceedings H

vl R Sni.,  Help O
T Rl - Exita

IBSH: 0-307776-20-5 (Print) Install Adobe Reader 7.0
IBS"E 0-307776-21-3 (Online} ., o yer to take advantage of the search and navigation capabilities
LT e L available on this CD you must use Adobe Reader 7.0.

if you do not have Adobe Reader 7.0, we have included it on this CD for

Thi= CD-ROM is PC and download and installation.

Macintosh compatible. The links below will install the 7.0 version of Adobe Reader available for
your operating system. if you have trouble or your operating system is

Read the Adobe End user not listed, please download Adobe Reader 1.0 from

license agreement hitp:/iwww.adobe.comiproducts/acrobatireadstep?. himil

¢ Windows XP or 2000 with Service Pack 2 (English)
* MacO5 10.2.8-10.3 (English)

OIEEE QEEE m
_ Region 8 m

INDERSCIENCE ENTERPRISES LIMITED, World Trade Centre Building,
29 Route de Pre-Bois, Case Postale 896, CH-1215 Genewve, Switzerland.
Web site: www.inderscience.com
Email: iwssip@inderscience.com
Copyright © 2005 Inderscience Enterprises Limited



http://www.adobe.com/products/acrobat/readstep2.html
http://www.adobe.com/products/acrobat/acrreula.html
http://www.inderscience.com
mailto:iwssip@inderscience.com

CONTENTS Click on the title of a paper to view its full text

Chapter 1: Invited Talks and Tutorials on Signals, Coding,
Systems and Intelligent Techniques

10.

11.

12.

13.

Computational Intelligence in Feedback Systems
M. Polycarpou

Neural Network Principles for Organisms in Nonstationary Environments
D. S. Levine

Classification of Infrasound Events: A Neural Network approach
F. M. Ham

Image Processing and Image Mining for Biotechnological Inspection Processes
P. Perner

Novel Multifusion Imaging Technologies: From Cancer Detection to
Semiconductor Wafer Inspection and Nanophotonics
G. C. Giakos

Inverse scattering procedures for active imaging systems at radio frequencies and
microwaves
M. Pastorino

Transcoding MPEG-2 compressed video into H.264/AVC
D. Bagni

Frequency Domain Adaptive Filtering in Signal Processing & Communications
K. Berberidis

Knowledge-Based Web Systems for Product Representation and Recommendation
B. Prasad

Superfast Filters
D. G. Lainiotis

The H.264 /| MPEG-4 AVC Standard: Core Coding Technology and Recent
Extensions.
D. Marpe

Recent developments in audio coding
M. Bartkowiak

Multiple Description Coding for Scalable Multimedia Coding
P. Schelkens



Contents

8. Analysis of Singular Systems using the Haar Wavelet Transform
D. A. Karras, P. Sotiropoulos and B.G. Mertzios

9. The Fundamental Matrix in Second-Order ARMA Systems
B. G. Mertzios and G. F. Fragulis

10. A Comparative Study Of Color-Texture Image Features
D. K. lakovidis, D. E. Maroulis, and S.A Karkanis

Chapter 5: Multimedia Systems and Wireless/Ad-Hoc Multimedia
Networks

1. A New Coder For Bilinear Transformation In H.263
M. Tabandeh, F. Marvasti, S. M. Bouzari

2. A Preliminary Non Linear Analysis Of Internet Data Traffic
M. P. Hanias, 1. Diakakis, 1. Almaliotis, S. Tsitmidelis

3. The Hierarchical Traceability Codes For Multimedia Fingerprinting
Yu-Tzu Lin, Ja-Ling Wu

4. Secure University Campus Networks Using Public Key Infrastructure (PKI)
M. Papalabrou, I. K. Almaliotis, I. Diakakis, A. Proimadis, 1. Christakis

5. Approaches to Energy Consumption Management in Mobile Ad-Hoc networks
C. Katsigiannis, G.N. Prezerakos, 1.S. Venieris

6. Performance Evaluation of the 802.16e Uplink in mobile fading channels
R. Manishankar, P. I. Dallas, G. Karachalios, G. S. Yovanof

7. Blind Channel Tracking For Zero Padding OFDM System Using A Two-Layer
Neural Network
He Huang, Jing Yang, Yuhang Wang, Hongxing Zou

8. An efficient QoS scheme for all-1P Mobile Ad-Hoc Networks
Th. Zahariadis, S. Voliotis, Ch. Manasis, D. Bargiotas

9. Internet Protocol Version 6 as Backbone of Heterogeneous Networks
B. Bakmaz, Z. Bojkovic

Chapter 6: Multimedia Content Processing

1. Digital Image Watermarking in Wavelet Domain Based On FSK Modulation
A. Baheshti, A. Yaghoobi, M. Ghoreishi



12th Int. Workshop on Systems, Sgnals & Image Processing, 22-24 September 2005, Chalkida, Greece 205

A comparative study of color -
textureimage features

Dimitrislakovidis*

Department of Informatics and Telecommunications,
University of Athens

Panepistimiopolis, Ilisia, 15784 Athens, Greece
E-mail: rtsimage@di.uoa.gr

*Corresponding author

DimitrisMaroulis

Department of Informatics and Telecommunications,
University of Athens

Panepistimiopolis, Ilisia, 15784 Athens, Greece

Stavros Karkanis

Department of Informatics and Computer Technology,
Technological Educational Institute of Lamia

3" km Old National Road, 35100 Lamia, Greece

Abstract: In this work we compare two spatial and two wavelet-domain feature extraction
methods that have been proposed in the recent literature for color-texture classification. The
corresponding color-texture features, namely the Opponent-Color Local Binary Pattern
distributions, the Chromaticity Moments, the Wavelet Correlation Signatures and the Color
Wavelet Covariance features, are extracted in RGB, 1;1,15, HSV and CIE-Lab color spaces.
The classification task is realized by Support Vector Machines. Experiments are performed
on two standard datasets comprising of 54 and 68 textures from the Vistex and the Outex
databases respectively. The results show that in most cases color enhances texture
classification. Both spatial and wavelet features can lead to an accurate representation of
color-textures. The appropriateness of a color-texture feature extraction method has to be
determined by considering the trade-off between the accuracy and the feature space
dimensionality needs, as these are imposed by a prospective application.

Keywor ds: Image Analysis, Color Texture Features, Support Vector Machines.
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1 INTRODUCTION

Although texture perception is not directly associated with

color perception, a variety of color-texture feature extraction

Color texture analysis is a major field of development for methods have been proposed in the literature. Recent
new methods concerning various vision applications. approaches to color-texture analysis focus on the

Copyright © 2005 Inderscience Enterprises Ltd.
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exploitation of both intra- and inter-channel information,
such as the estimation of chromatic correlation features
(Paschos, 1998), wavelet correlation signatures (WCS) (Van
De Wouwer et al., 1999), features quantifying the
correlation of Gabor features between the image color
channels (Jain and Healey, 1998), correlation estimates of
Zernike moments between different image color channels
(Wang and Healey, 1998; Al-Rawi and Yang, 2001)
distributions of Opponent Color Local Binary Pattern
(OCLBP) features (Méenpad, 2003) and Color Wavelet
Covariance (CWC) features (Iakovidis et al., 2004).

The effectiveness of the wavelet transform for texture
representation, has been pointed out in many studies
(Iakovidis et al., 2004; Unser and Eden, 1989; Randen and
Husoy, 1999). Nevertheless, many researchers still persist in
supporting the use of spatial-domain features (Paschos,
1998; Méenpai, 2003; Paschos, 2000). The issue of which
approach is the best for the classification of color textures
has not been thoroughly investigated in the literature.
Comparative studies have focused on issues such as the
enhancement introduced by the inclusion of color in texture
analysis (Drimbarean and Whelan, 2001), the effect of using
perceptually uniform color spaces for color texture
representation (Paschos, 2001) and whether color and
texture information should be considered jointly or
separately (Méaenpéé and Pietikdinen, 2004).

In this paper, we compare recent spatial and wavelet-
domain color-texture feature extraction methods under the
experimental framework described in (Ojala et al., 2002),
using both Vistex and Outex textures. These include the
extraction of OC-LBP, CM, WCS and CWC features. The
classification task has been assigned to Support Vector
Machines (SVM) as these have proved to be robust,
resistant to the “curse of dimensionality”. Moreover, SVMs
are less empirical as regards the determination of their
parameters compared to standard neural networks and they
have proved to provide better generalization performance
than other traditional classifiers in many applications,
including the classification of textures (Li et al., 2003).

The rest of this paper is organized in three sections.
Section 2 includes a brief description of the feature
extraction methods compared. The experimental framework
and results are presented in Section 3. Finally, Section 4
summarizes the conclusions of this study.

2 FEATURE EXTRACTION METHODS

2.1 Opponent-Color Local Binary Pattern distributions

The Local Binary Pattern (LBP) method has been proposed
by Ojala and Pietikainen (1998), as a two-level version of
the texture spectrum method which uses three levels (0, 1
and 2) for the representation of local texture patterns. The
local binary pattern of a 3x3-pixel neighborhood is
estimated as follows:

1. The original 3x3 neighborhood is thresholded to two

levels (0 and 1) using the value of the center pixel.
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2. The wvalues of the pixels in the thresholded
neighborhood are multiplied by certain weights
assigned to the corresponding pixels.

3. The values of the eight pixels are summed to obtain a
single value for the corresponding pattern.

The LBP feature vectors are formed by the histogram bins
of the LBP values distribution in an image region. LBP is
usually combined with a contrast measure which is defined
as the difference between the average intensity of “1” pixels
and the average intensity of “0” pixels (LBP/C features).

An extension of the LBP method for color images, named
OC-LBP, has been proposed by Mienpad (2003) and
involves the application of the LBP operator on each color
channel separately. In addition, each pair of color channels
is used in collecting opponent color patterns so that the
center pixel for a neighborhood and the neighborhood itself
are taken from different color channels. In total, 3 intra-
channel LBP histograms (one histogram for each color
channel C;, i = 1, 2, 3) and 6 inter-channel histograms are
extracted and concatenated into a single distribution.

2.2 Chromaticity moments

The Chromaticity Moments (CMs) have been proposed by
Paschos (2000) as a simple and computationally low-cost
method for color texture classification. Let X, Y, Z
quantities represent the XYZ color space channels. The
chromaticity trace T(X, y) and its distribution D(X, y) for an
image of Ly, Ly dimensions are defined as follows:

LA, j):1d,j .
T(X’y):{o e(llseJ) (. )—> ) )
D(x,y) =k @)

where 0 <i <Ly, 0 <j <Ly, k=# of pixels producing (X, ).
The functions T(X, y) and D(X, y) are characterized by a set
of moments, which form the feature vector and are defined
as follows:

Xs-1Ys-1

MT(m9I):ZszyIT(X9y) (3)
x=0 y=0
Xs—1Ys-1

Mo(ml) =3 3 x"y'D(xy) *
x=0 y=0

where p=mtl=1, 2,... represents their order and Xs, Ys are
the discrete dimensions of the X-y space. The discrete XgxYs
space is produced by rescaling and discretization: X =
L10ox], y =L100y..

2.3. Wavelet Energy features

The Discrete Wavelet Transform (DWT) of a gray-level
image is realized by convolving the image with a low pass
filter L and a high pass filter H, the output of which is then
sub-sampled dyadically. This procedure produces a low-
resolution image By(K) and detail images Bj(k), j = 1, 2, 3 at
scale k. The repetition of this filtering procedure for k = 1,
2,...K results in a multi-scale representation of the image.
By omitting the sub-sampling operation, a variation of the
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DWT, the Discrete Wavelet Frame Transform (DWFT) is
produced. DWFT is a redundant representation that leads to
a texture description tolerant to translation (Unser and Eden,
1989). The Wavelet Energy (WE) features are estimated by
summing the squares of all b coefficients of the output
images Bj(k), j=0, 1, 2, 3:

B =20 G)? (5)

2.4. Wavelet Correlation Signatures

The WCS have been proposed by Van De Wouwer et al.
(1999) as extensions of the DWFT energy features that take
into account the correlation of the wavelet coefficients
between the image color channels. They are derived from
the following equation:

EgY l=m
weae = Zbg‘k(u) bk (i) (6)
Ef J<k> EB @ I#m

where bcjfk and bl are the coefficients of the detail images
Bi(k),j=1,2,3,k=1,2, ... Kof the color channels C, and
Cw1=1,2,3,m=1,2, 3 respectively.

2.5. Color Wavelet Covariance

The Color Wavelet Covariance (CWC) features are
covariance estimates of the 2™ order statistical information
inherent in the DWFT of the color channels of an image
(Iakovidis et al., 2004). The image color channels are
transformed to the wavelet domain by the DWFT. The 2™-
order statistical information of the wavelet coefficients is
captured by means of co-occurrence matrices. Co-
occurrence matrices encode the gray-level spatial
dependence based on the estimation of the 2™-order joint
conditional probability density function f{i, j, d, &), which is
computed by counting all pairs of pixels at distance d
having gray-levels i and j at a given direction «. The
angular displacement of d = 1 is included in the range of the
a-values iO /4, /2, 3n/4}.

Let Mc(a) be a cooccurrence matrlx estimated over a
detail 1mage Bjk),j=1,2,3, k= . K, of the color
channel C,,i=1,2,3, fora direction ae {0, /4, m/2, 3n/4}.
Four representative statistical features are estimated over
each detail image Bj(k), j =1, 2, 3, k=1, 2, ... K, namely
the angular second moment (f;), the correlation (f,), the
inverse difference moment (f;) and the entropy (f;). The
resulting set of features that correspond to the different
color channels C; is Fc 2®(a ), wherei=1,2,3,j=1,2,3,k

=1,2,...K,F e {f, fz, f;, f4} and ae {0, w/4, n/2, 3n/4}.

The Color Wavelet Covariance of a Feature F (CWC),
between the detail images Bj(k), j=1,2,3,k=1,2, ... Kof

color channels C,and C,, | = 1, 2, 3, m=1, 2, 3 is estimated
as follows:
oWe2Y = covFA™, F2®), 1<m (7)
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3 RESULTS

The experimental evaluation of the four color-texture
feature extraction methods was performed by using two
standard publicly available color-texture datasets from the
Outex database. The comparative study was based on the
framework proposed in (Ojala et al., 2002).

The first dataset originates from the VisTex database
(Contrib_TC _00006) and consists of 54 texture images of
512x512-pixel dimensions. Each image was split into 16
non-overlapping 128x128 sub-images, forming a total of
864 samples. Half of these samples were used for training
and the rest were used for testing the classification
performance of an SVM classifier. The Radial Basis
Function (RBF) was employed as an SVM kernel. The RBF
kernel usually performs better than other non-linear kernels,
such as the polynomial or the sigmoid, because it usually
has a better boundary response as it allows for extrapolation,
and most high-dimensional data sets can be approximated
by Gaussian-like distributions similar to those used by RBF
networks. Moreover it involves only one parameter, which
makes it easier to search for its optimal parameters in
practice.

The second dataset originates from the Outex database
(Contrib_ TC 00013) and it consists of 68 textures of
746%x438-pixel dimensions. From each texture 20, 128x128
sub-images have been acquired. A total of 1360 samples
was produced and split into a balanced training-testing
dataset (Ojala et al., 2002).

The OC-LBP distribution has not been quantized, as the
SVMs are tolerant to the input space dimensionality
(Vapnik, 1998). The CMs were computed up to the 3rd
order because only a marginal improvement was observed
by the incorporation of higher-order moments. As regards
the wavelet-based methods, a 4-level DWFT was applied
for the extraction of WCS and WE features, whereas a 1-
level DWFT was applied for CWC feature extraction. In the
latter case the use of more wavelet decomposition levels
would disproportionally increase the computational
complexity and lead to only a marginal increase in
classification accuracy. Four representative color spaces,
namely the RGB, the I;1,13, the HSV and the CIE-Lab have
been considered for color-texture feature extraction.
Chromaticity moments have only been extracted from RGB
images as they inherently involve the RGB to XYZ color
transformation (Paschos, 2000).

The classification results obtained for each dataset are
illustrated in Fig. 1 and 2 respectively. The three leftmost
columns of these figures present the performance of the
corresponding gray-level features (LBP, LBP/C, WE).

All methods produce higher errors for the second dataset,
as it is less diverse (Ojala et al., 2002). This also justifies the
fact that the Vistex textures were classified almost perfectly
even with the simple gray-level LBP/C features, resulting in
only 0.7% classification error. Figure 2 shows that in most
cases color-texture features perform better than gray-level
features. Actually, this is not true only for the CMs, which
are outperformed by all other features. However, one could
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argue that it might be preferable to extract 13 gray-level
wavelet energies than 72 wavelet-domain color-texture
features (Fig. 3), as the latter provide slightly better
performance than the former for the classification of the
Outex textures. This cannot be generalized as for the Vistex
textures the contribution of color significantly enhances the
performance of the wavelet features.

40.0
35.0
30.0 I
~ 25.0
S
5 200
M 150
10.0
5.0 I
0.0 ,J - ——r— E-:[l E-:D_
oC- | OC-
LBP |LBP/C| WE | oo | oo | CM | WCS | CWC
ORGB 05 | 02 | 322 16 | 16
mIi1213 05 | 05 12 | 12
MHSV 05 | 05 14 | 14
EICIE-Lab 07 | 05 28 | 26
M Gray Level | 3.5 0.7 6.9

Figure 1 Classification errors obtained for the Vistex textures

40.0 —
35.0
30.0 4
_ 250
S f
gzo.o—;
2150 4
100
A anrT
001 [ oc- | oc ]
LBP |LBP/C| WE | oo | oo | CM | WCS | CWC
O RGB 73 | 69 | 385 | 111 | 119
W13 11.0 | 9.6 10.1 | 108
mHSV 66 | 65 109 | 111
Bl CIE-Lab 84 | 85 100 | 106
B Gray Level | 20.3 17.6 12.2

Figure2 Classification errors obtained for the Outex textures

Comparing the performance of the spatial OC-LBP and
OC-LBP/C features with the performance of the wavelet
color-texture features for both datasets, it could be
concluded that the first lead to comparable or improved
color texture classification accuracy regardless of the color
space employed. This improvement comes with a
disproportional increase of the dimensionality (Fig. 3).
Moreover, the contrast feature marginally enhances the
accuracy while by doubling the dimension of the OC-LBP
feature vector.

Different color spaces seem to affect differently the spatial
and the wavelet-domain color-texture feature extraction

D. K. lakovidis, D. E. Maroulis, and SA Karkanis

approaches. More specifically, the OC-LBP features work
well for both RGB and HSV spaces, while the wavelet
features are positively affected by the I 1,15 color space. The

two wavelet-based approaches result in comparable
classification performance.
10000
4608
B0
1000 ] 512
g 256 —
!
£ 7 n
5 100 [
g
g 13 20
z
10 5
1 ‘ ‘ ‘ ‘ ; ;

IBP IBPC WE OC- OC CM WCS CWC
LBP LBP/C

Figure 3 Number of features feeding the SYMs for the various
feature extraction methods compared

4 CONCLUSION

We attempted a comparative evaluation of spatial and
wavelet-domain color-texture features in different color
spaces. The results show that color-texture features could
enhance texture classification, but there are cases for which
gray-level features could work as well. A major conclusion
of this study is that the appropriateness of a color-texture
feature extraction method has to be determined by
considering the tradeoff between the accuracy and the
feature space dimensionality needs, as these are imposed by
a prospective application. Moreover, the choice of the color
space may affect the color texture classification
performance in some degree.
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