Content-Based Image Retrieval



Vipin Tyagi

Content-Based Image
Retrieval

Ideas, Influences, and Current Trends

@ Springer



Vipin Tyagi

Department of Computer Science and
Engineering

Jaypee University of Engineering and
Technology

Guna

India

ISBN 978-981-10-6758-7 ISBN 978-981-10-6759-4  (eBook)
https://doi.org/10.1007/978-981-10-6759-4

Library of Congress Control Number: 2017959546

© Springer Nature Singapore Pte Ltd. 2017

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.

Printed on acid-free paper
This Springer imprint is published by Springer Nature

The registered company is Springer Nature Singapore Pte Ltd.
The registered company address is: 152 Beach Road, #21-01/04 Gateway East, Singapore 189721, Singapore



To
My teacher
Prof. Vinod K. Agarwal, Meerut



Foreword

In the last decade, we have been witnesses to a continuous growth of the number of
digital pictures which are taken, stored, and shared every day. Have you ever asked
yourself how many images are on the Internet? According to the research published
by server mylio.com (see http://mylio.com/true-stories/tech-today/how-many-
digital-photos-will-be-taken-2017-repost), the conservative estimate of the num-
ber of digital photographs taken in 2017 is over 1 trillion. About 85% of them were
taken by mobile phones. Another estimate from 2016 says that in 2017, there will
be almost 5 trillion photographs stored in digital form worldwide. A big part
of them is available on the Internet through www pages, photo-banks such as Flickr
and Shutterstock, and various social media—Facebook, Instagram, and others.
A vast majority of these “image databases” are neither sorted nor accompanied with
metadata and tags. If this was the case, searching in these databases would be
simple and fast.

Let us imagine we want to retrieve from a database images containing, for
instance, a lion. If there are no tags, we are required to make search solely based on
the image content. We use a picture of a lion as a query image and ask the system to
return “similar” images. This process is called content-based image retrieval
(CBIR). Considering the huge number of images everywhere around us, developing
fast CBIR algorithms and arranging the databases such that the search is efficient
are of prime importance.

Any CBIR algorithm must resolve two main challenges—how to efficiently,
highly compressively, characterize the image content by a low-dimensional
descriptor (this stage is called image indexing) and how to search the index
space quickly. This book “Content-Based Image Retrieval” covers both stages. The
main emphasis is given to mathematical features describing the image content.
The features capturing color, texture, and object shape are systematically reviewed.
The author pays also a significant attention to the measurement of similarity
between the query and database images in the feature space. CBIR which uses
MPEG-7 standard is reviewed as well. At the end of the book, an outlook to the
future of the CBIR is presented.
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viii Foreword

The book presents, in an understandable and accessible form, a comprehensive
overview of CBIR techniques including the necessary mathematical background.
The book is suitable for image database developers, designers of image storage and
communication platforms, and as a supplementary reading for students of image
analysis.

I wish the readers happy image retrieving!

Jan Flusser
Institute of Information Theory and Automation
Czech Academy of Sciences, Prague, Czech Republic



Preface

Content-based image retrieval (CBIR), which is aimed to search images from a
large size image database based on visual contents of images in an efficient and
accurate way as per the user’s requirement, is an intensive research area these days.
The major objective of this research monograph “Content-Based Image Retrieval:
Ideas, Influences, and Current Trends” is to introduce the subject to the readers and
bring forward the state-of-the-art techniques and approaches in the area of image
retrieval. Various latest algorithms, techniques, and databases used in the image
retrieval research are described in the book.

Chapter 1 of the book describes the basic concepts related to content-based
image retrieval. It starts from the concept of information retrieval and moves to
content-based image retrieval.

Chapter 2 of the book deals with the review of various techniques in the area of
content-based image retrieval.

Chapter 3 gives the concept of region-based image retrieval, which is a type of
content-based image retrieval. In this type of image retrieval techniques, instead of
matching the whole image, the part(s) of the image called region-of-interest are
matched to find out the results. The chapter discusses this concept.

Chapter 4 deals with similarity measures and performance evaluation used in
various content-based image retrieval techniques.

MPEG-7 is a multimedia content description standard by ISO/IEC 15938, which
is used for designing various techniques related to fast and efficient searching of
multimedia content. Chapter 5 explains this standard.

Content-based image retrieval techniques use low-level features of images for
retrieval. Chapters 68 introduce the concepts of shape, color, and texture low-level
features, respectively.

Chapters 9-14 describe various techniques used for content-based image
retrieval. These techniques can be used to understand the concepts of designing a
content-based image retrieval system.

Chapter 15 gives various research issues that can be researched for the devel-
opment of next-generation effective and efficient content-based image retrieval
systems.
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X Preface

The details of some commonly used texture image and natural image databases
to test the techniques proposed by researchers are provided in Appendix A, and a
brief description of some popular image retrieval systems is provided in
Appendix B. A bibliography of the research work in the area is also provided.

The target audience spans the range from the undergraduate with less exposure
to the subject to research students seeking advanced information on CBIR. I hope
this book will provide reference of many of the techniques used in the field as well
as generate new research ideas to further advance the field.

This work would not have been possible without the help and mentoring from
many, in particular, Prof. J. S. P. Rai, Vice Chancellor, Jaypee University of
Engineering and Technology, Guna. My sincere thanks to all. The encouragement
and support from my colleagues Prof. Anuj Kumar and Dr. Sudip Sharma is also
acknowledged.

Special thanks to my dear scholars Dr. Deepshikha Tiwari, Mr. Ghanshyam
Raghuwanshi, and Dr. Divya Jain for their help and support in the preparation
of the manuscript.

The continuous support and encouragement received from my mother Ms. Sarla
Tyagi, my wife Ms. Meenakshi and my children Kriti Tyagi and Nikunj Tyagi is
acknowledged.

The research work of several researchers contributed to a substantial part of
some sections of the book. I thankfully acknowledge their contributions. Special
thanks to authors of the following works and to the publishers of their work for
providing copyright permission to reuse their work.

e Long F., Zhang H., Feng D. D., “Fundamentals of Content-Based Image
Retrieval”, Multimedia Information Retrieval and Management, Signals and
Communication Technology. Springer, 2003.

e Shrivastava N., Tyagi V., “A Review of ROI Image Retrieval Techniques”,
Advances in Intelligent Systems and Computing, vol. 328. Springer 2015.

e Smith J., “MPEG-7 Multimedia Content Description Standard”, Multimedia
Information Retrieval and Management. Signals and Communication
Technology. Springer, 2003.

e Minggiang Yang, Kidiyo Kpalma, Joseph Ronsin, “Shape-based invariant fea-
tures extraction for object recognition”, Advances in reasoning-based image
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