
Image Texture Analysis



Chih-Cheng Hung • Enmin Song •

Yihua Lan

Image Texture Analysis
Foundations, Models and Algorithms

123



Chih-Cheng Hung
Kennesaw State University
Marietta, GA, USA

Enmin Song
Huazhong University of Science
and Technology
Wuhan, Hubei, China

Yihua Lan
Nanyang Normal University
Nanyang, Henan, China

ISBN 978-3-030-13772-4 ISBN 978-3-030-13773-1 (eBook)
https://doi.org/10.1007/978-3-030-13773-1

Library of Congress Control Number: 2019931824

© Springer Nature Switzerland AG 2019
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part
of the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations,
recitation, broadcasting, reproduction on microfilms or in any other physical way, and transmission
or information storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar
methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this
publication does not imply, even in the absence of a specific statement, that such names are exempt from
the relevant protective laws and regulations and therefore free for general use.
The publisher, the authors and the editors are safe to assume that the advice and information in this
book are believed to be true and accurate at the date of publication. Neither the publisher nor the
authors or the editors give a warranty, express or implied, with respect to the material contained herein or
for any errors or omissions that may have been made. The publisher remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG.
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

https://doi.org/10.1007/978-3-030-13773-1


Preface

Hello darkness, my old friend
I’ve come to talk with you again
because a vision softly creeping
left its seeds while I was sleeping
and the vision that was planted in my brain
still remains
within the sound of silence

—Simon and Garfunkel

Research on image texture analysis has made significant progress in the past few
decades. However, image texture classification (and segmentation) is still an elusive
goal despite a tremendous effort devoted to work in this area. This is perhaps
analogous to what Alan Turing proved, “there are many things that computers
cannot do” although he also showed us that there are many things that computers
can do [1]. Traditional image texture classification usually consists of texture fea-
ture extraction and texture classification. This scheme is flexible as many image and
pattern classification, segmentation, and clustering algorithms in literature can be
used for texture classification once texture features are available. The separation of
features and classification has a limitation that texture features extractors must be
well designed to provide a representative set of texture features for the classification
algorithm. In the past few years, convolutional neural networks (CNN) have
emerged as a popular approach for the advancement of image texture classification.
The CNNs are being used in not only image classification but also other applica-
tions such as machine vision and language translation. It is quite astounding for the
CNN algorithm to extract features automatically without human interactions.
Unlike traditional artificial neural networks, CNNs can extract features from the
spatial image domain. The concept of receptive field used in CNNs is very similar
to the spatial filter in the digital image processing.

Our goal in writing this book is to introduce the basics of image texture analysis
to a beginner who is interested in pursuing research in this field. Simultaneously, we
wish to present the basic K-views models and algorithms for extracting and clas-
sifying image textures, which were developed in our research laboratory and col-
laborations with other research scientists. We also include the fundamentals of
popular textural feature extraction methods and classification algorithms to serve as
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a solid foundation in this book. The algorithms selected as the basis are carefully
decided through our research findings and reformation from the many years of
teaching in image texture analysis. Specifically, we divide the book into three parts;
Part I consists of Chaps. 1–4 describing the existing models and algorithms. Part II
includes Chaps. 5–8 introducing the K-views models and algorithms. Part II is
based on the foundation of the papers on the K-views models published in con-
ferences and journals. Part III introduces deep machine learning models for image
texture analysis in Chaps. 9 and 10. In order to have complete coverage on image
texture analysis in deep machine learning, we present those popular models and
algorithms already well developed by many eminent researchers.

If we have learned something from this research area, it is that we are more like
the metaphor of “dwarfs standing on the shoulders of giants”. We are very grateful
to learn so much from the many pioneers who have devoted their time and life to
research in this fascinating area. This book is intended for building a foundation and
learning the basics of image texture analysis. The recommended audience is senior
undergraduate students and first-year of graduate students. Therefore, we have
provided examples for the clarification of concepts in the book. We have tried our
best to sift through the manuscript. If there are still any errors or typos in this book,
it is our responsibility. Please kindly inform us for the correction.

Marietta, USA Chih-Cheng Hung
Wuhan, China Enmin Song
Nanyang, China Yihua Lan
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