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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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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
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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 6–8 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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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.

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

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

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

• Mingqiang Yang, Kidiyo Kpalma, Joseph Ronsin, “Shape-based invariant fea-
tures extraction for object recognition”, Advances in reasoning-based image
processing, analysis and intelligent systems: Conventional and intelligent
paradigms, Springer, 2012.

• Plataniotis K. N., Venetsanopoulos A. N., “Color Spaces. In: Color Image
Processing and Applications”, Digital Signal Processing, Springer, 2000.

• Shrivastava, N. & Tyagi, V., “Content based image retrieval based on relative
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Information Sciences, Volume 259, 2014.
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object based image retrieval” Multimedia Tools and Applications 76: 13741,
2017.
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• Raghuwanshi, G. & Tyagi, V., “Texture image retrieval using adaptive tetrolet
transforms”, Digital Signal Processing, Vol. 48, 2016, pp. 50–57.

• Shrivastava N., Tyagi V., “A Short Run Length Descriptor for Image Retrieval”,
Information Systems Design and Intelligent Applications. Advances in
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It has been a pleasure working with Springer Publisher in the development of the
book. Thanks go to authorities, Ms. Suvira Srivastav, Ms. Yeshmeena Bisht, and
Ms. Sowndarya Kumaravel, for their kind and timely support in publishing the
book and for handling the publication.

Guna, India Vipin Tyagi

Preface xi



Contents

1 Content-Based Image Retrieval: An Introduction . . . . . . . . . . . . . . 1
1.1 Multimedia Information Retrieval . . . . . . . . . . . . . . . . . . . . . . 1
1.2 Image Retrieval . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

1.2.1 Text-Based Image Retrieval . . . . . . . . . . . . . . . . . . . 2
1.2.2 Content-Based Image Retrieval . . . . . . . . . . . . . . . . . 4

1.3 Low-Level Features of an Image . . . . . . . . . . . . . . . . . . . . . . 7
1.3.1 Color . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
1.3.2 Texture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
1.3.3 Shape . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

1.4 Spatial Information . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
1.5 Visual Content Descriptor . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
1.6 Similarity Measures and Indexing Schemes . . . . . . . . . . . . . . 17
1.7 User Interaction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

1.7.1 Query Specification . . . . . . . . . . . . . . . . . . . . . . . . . 19
1.7.2 Relevance Feedback . . . . . . . . . . . . . . . . . . . . . . . . . 20

1.8 Performance Evaluation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
1.9 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

2 Content-Based Image Retrieval Techniques: A Review . . . . . . . . . . 29
2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
2.2 A Technical Review of Content-Based Image Retrieval

Techniques . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
2.3 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36

3 Region-Based Image Retrieval . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49
3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49
3.2 A Framework for ROI-Based Image Retrieval . . . . . . . . . . . . 51
3.3 System Designated ROI (SDR) Approaches . . . . . . . . . . . . . . 52

xiii



3.4 User-Designated ROI (UDR) Approaches . . . . . . . . . . . . . . . . 53
3.5 Bridging Semantic Gap . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58
3.6 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59

4 Similarity Measures and Performance Evaluation . . . . . . . . . . . . . 63
4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63
4.2 Similarity Measures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64

4.2.1 Minkowski-Form Distance . . . . . . . . . . . . . . . . . . . . 65
4.2.2 Kullback–Leibler Divergence . . . . . . . . . . . . . . . . . . 67
4.2.3 Chi-square Statistic . . . . . . . . . . . . . . . . . . . . . . . . . . 68
4.2.4 Histogram Intersection Distance . . . . . . . . . . . . . . . . 68
4.2.5 Bhattacharya Distance . . . . . . . . . . . . . . . . . . . . . . . . 69
4.2.6 Mahalanobis Distance . . . . . . . . . . . . . . . . . . . . . . . . 70
4.2.7 Canberra Distance . . . . . . . . . . . . . . . . . . . . . . . . . . 71
4.2.8 Earth Mover Distance . . . . . . . . . . . . . . . . . . . . . . . . 71
4.2.9 Quadratic Form Distance . . . . . . . . . . . . . . . . . . . . . . 72
4.2.10 Hausdorff Distance . . . . . . . . . . . . . . . . . . . . . . . . . . 73
4.2.11 Kolmogorov–Smirnov Statistic . . . . . . . . . . . . . . . . . 74
4.2.12 Integrated Region Matching . . . . . . . . . . . . . . . . . . . 74

4.3 Performance Evaluation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76
4.3.1 User Comparison . . . . . . . . . . . . . . . . . . . . . . . . . . . 76
4.3.2 Precision and Recall . . . . . . . . . . . . . . . . . . . . . . . . . 76
4.3.3 Precision–Recall Graph . . . . . . . . . . . . . . . . . . . . . . . 77
4.3.4 Average Precision . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
4.3.5 F-Score . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
4.3.6 Average Normalized Modified Retrieval Rank

(ANMRR) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
4.4 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81

5 MPEG-7: Multimedia Content Description Standard . . . . . . . . . . . 85
5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85

5.1.1 MPEG-7 Standard Scope . . . . . . . . . . . . . . . . . . . . . 86
5.2 MPEG Context and Applications . . . . . . . . . . . . . . . . . . . . . . 87

5.2.1 MPEG Context . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
5.2.2 MPEG-7 Applications . . . . . . . . . . . . . . . . . . . . . . . . 88

5.3 MPEG-7 Constructs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90
5.3.1 MPEG-7 Parts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90
5.3.2 MPEG-7 Basic Constructs . . . . . . . . . . . . . . . . . . . . . 91
5.3.3 MPEG-7 Extensibility . . . . . . . . . . . . . . . . . . . . . . . . 92

5.4 MPEG-7 Description Definition Language (DDL) . . . . . . . . . . 93

xiv Contents



5.5 MPEG-7 Multimedia Description Schemes . . . . . . . . . . . . . . . 93
5.5.1 Basic Elements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94
5.5.2 Content Description Tools . . . . . . . . . . . . . . . . . . . . . 94
5.5.3 Content Organization, Navigation and Access, User

Interaction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95
5.5.4 Classification Schemes . . . . . . . . . . . . . . . . . . . . . . . 95

5.6 MPEG-7 Audio Description Tools . . . . . . . . . . . . . . . . . . . . . 95
5.7 MPEG-7 Visual Description Tools . . . . . . . . . . . . . . . . . . . . . 96

5.7.1 Color . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96
5.7.2 Texture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97
5.7.3 Shape . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98
5.7.4 Motion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99
5.7.5 Localization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99
5.7.6 Face . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99

5.8 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100

6 Shape Feature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101
6.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101
6.2 One-Dimensional Function for Shape Representation . . . . . . . 103

6.2.1 Complex Coordinates . . . . . . . . . . . . . . . . . . . . . . . . 103
6.2.2 Centroid Distance Function . . . . . . . . . . . . . . . . . . . . 104
6.2.3 Tangent Angle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105
6.2.4 Contour Curvature . . . . . . . . . . . . . . . . . . . . . . . . . . 106
6.2.5 Area Function . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107
6.2.6 Chord Length Function . . . . . . . . . . . . . . . . . . . . . . . 108

6.3 Polygonal Approximation . . . . . . . . . . . . . . . . . . . . . . . . . . . 108
6.3.1 Merging Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . 108
6.3.2 Splitting Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . 110

6.4 Spatial Interrelation Feature . . . . . . . . . . . . . . . . . . . . . . . . . . 111
6.4.1 Adaptive Grid Resolution . . . . . . . . . . . . . . . . . . . . . 111
6.4.2 Bounding Box . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112
6.4.3 Convex Hull . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113
6.4.4 Chain Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114
6.4.5 Smooth Curve Decomposition . . . . . . . . . . . . . . . . . . 116
6.4.6 Symbolic Representation Based on the Axis of Least

Inertia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116
6.4.7 Beam Angle Statistics . . . . . . . . . . . . . . . . . . . . . . . . 117
6.4.8 Shape Matrix . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117
6.4.9 Shape Context . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 118
6.4.10 Chord Distribution . . . . . . . . . . . . . . . . . . . . . . . . . . 119
6.4.11 Shock Graphs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119

Contents xv



6.5 Moments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121
6.5.1 Boundary Moments . . . . . . . . . . . . . . . . . . . . . . . . . 121
6.5.2 Region Moments . . . . . . . . . . . . . . . . . . . . . . . . . . . 122

6.6 Scale-Space Approaches . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125
6.6.1 Curvature Scale Space . . . . . . . . . . . . . . . . . . . . . . . 125
6.6.2 Intersection Point Map . . . . . . . . . . . . . . . . . . . . . . . 126

6.7 Shape Transform Domains . . . . . . . . . . . . . . . . . . . . . . . . . . . 126
6.7.1 Fourier Descriptors . . . . . . . . . . . . . . . . . . . . . . . . . . 126
6.7.2 Wavelet Transform . . . . . . . . . . . . . . . . . . . . . . . . . . 129

6.8 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 130
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 130

7 Color Feature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 133
7.1 Basics of Color Vision . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 133
7.2 CIE Chromaticity-Based Models . . . . . . . . . . . . . . . . . . . . . . 136
7.3 CIE RGB Color Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139
7.4 Color Spaces Linearly Related to the RGB . . . . . . . . . . . . . . . 142
7.5 YIQ Color Space . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 143
7.6 HSI Family of Color Models . . . . . . . . . . . . . . . . . . . . . . . . . 144
7.7 Perceptually Uniform Color Spaces . . . . . . . . . . . . . . . . . . . . 147

7.7.1 CIE L*u*v* Color Space . . . . . . . . . . . . . . . . . . . . . 149
7.7.2 CIE L*a*b* Color Space . . . . . . . . . . . . . . . . . . . . . 149

7.8 Munsell Color Space . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 150
7.9 Opponent Color Space . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 152
7.10 MPEG-7 Color Descriptors . . . . . . . . . . . . . . . . . . . . . . . . . . 153

7.10.1 Scalable Color Descriptor . . . . . . . . . . . . . . . . . . . . . 154
7.10.2 Color Structure Descriptor . . . . . . . . . . . . . . . . . . . . . 155
7.10.3 Dominant Color Descriptor . . . . . . . . . . . . . . . . . . . . 156
7.10.4 Color Layout Descriptor . . . . . . . . . . . . . . . . . . . . . . 156
7.10.5 Other Color Descriptors . . . . . . . . . . . . . . . . . . . . . . 157

7.11 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 157
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 158

8 Texture Feature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 161
8.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 161
8.2 Perceptual Model of Texture . . . . . . . . . . . . . . . . . . . . . . . . . 163

8.2.1 Coarseness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 164
8.2.2 Contrast . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 164
8.2.3 Directionality . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 165
8.2.4 Line-Likeness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 166
8.2.5 Regularity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 166
8.2.6 Roughness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 167

xvi Contents



8.3 Statistical Model of Texture . . . . . . . . . . . . . . . . . . . . . . . . . . 167
8.3.1 Gray-Level Co-occurrence Matrix . . . . . . . . . . . . . . . 168
8.3.2 Laws Energy Feature . . . . . . . . . . . . . . . . . . . . . . . . 169
8.3.3 Autocorrelation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 171
8.3.4 Local Binary Pattern . . . . . . . . . . . . . . . . . . . . . . . . . 171
8.3.5 Scale-Invariant Feature Transform . . . . . . . . . . . . . . . 172

8.4 Structural Model of Texture . . . . . . . . . . . . . . . . . . . . . . . . . . 174
8.5 Transform Model of Texture . . . . . . . . . . . . . . . . . . . . . . . . . 176

8.5.1 Gabor Transform . . . . . . . . . . . . . . . . . . . . . . . . . . . 177
8.5.2 Wavelet Transform . . . . . . . . . . . . . . . . . . . . . . . . . . 178

8.6 MPEG-7 Texture Descriptors . . . . . . . . . . . . . . . . . . . . . . . . . 179
8.6.1 Homogeneous Texture Descriptor . . . . . . . . . . . . . . . 179
8.6.2 Edge Histogram Descriptor . . . . . . . . . . . . . . . . . . . . 180
8.6.3 Texture Browsing Descriptor . . . . . . . . . . . . . . . . . . . 180

8.7 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 180
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 181

9 Content-Based Image Retrieval Based on Relative Locations of
Multiple Regions of Interest Using Selective Regions Matching . . . 183
9.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 183
9.2 Related Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 184
9.3 Region Codes-Based Selective Region Matching . . . . . . . . . . . 186

9.3.1 Region Codes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 186
9.3.2 ROI Overlapping Blocks Selection . . . . . . . . . . . . . . 187
9.3.3 Selective Region Matching Based

on Region Codes . . . . . . . . . . . . . . . . . . . . . . . . . . . 189
9.3.4 Similarity Measure . . . . . . . . . . . . . . . . . . . . . . . . . . 191
9.3.5 Multiple ROI-Based Retrieval . . . . . . . . . . . . . . . . . . 191
9.3.6 Feature Extraction . . . . . . . . . . . . . . . . . . . . . . . . . . . 193

9.4 Experimental Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 196
9.4.1 Comparison of ROI-Overlapping Block Selection

Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 197
9.4.2 Comparison of Multiple ROI-Based Image Retrieval

Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 198
9.5 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 202
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 202

10 Content-Based Image Retrieval Based on Location-Independent
Regions of Interest . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 205
10.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 205
10.2 Related Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 206
10.3 Retrieval Technique . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 207

10.3.1 Background Subtraction and Image Segmentation . . . . 209
10.3.2 Object Detection and Extraction . . . . . . . . . . . . . . . . 213

Contents xvii



10.3.3 Classification of Regions . . . . . . . . . . . . . . . . . . . . . . 214
10.3.4 Feature Extraction . . . . . . . . . . . . . . . . . . . . . . . . . . . 215
10.3.5 Image Representation in Database . . . . . . . . . . . . . . . 216
10.3.6 Similarity Measure . . . . . . . . . . . . . . . . . . . . . . . . . . 217

10.4 Experimental Evaluation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 219
10.4.1 Segmentation at Different Block Sizes . . . . . . . . . . . . 220
10.4.2 Comparison with State-of-the-Art Methods of Image

Retrieval . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 221
10.5 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 223
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 224

11 Content-Based Image Retrieval of Texture Images Using
Adaptive Tetrolet Transforms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 227
11.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 227
11.2 Related Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 229
11.3 Texture Image Retrieval Using Tetrolets . . . . . . . . . . . . . . . . . 230
11.4 Similarity Measure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 233
11.5 Experimental Evaluation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 234
11.6 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 239
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 239

12 Content-Based Image Retrieval Using a Short Run Length
Descriptor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 241
12.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 241
12.2 Related Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 242
12.3 Retrieval Technique . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 244

12.3.1 Color Quantization in HSV Color Space . . . . . . . . . . 244
12.3.2 Short Run Length Descriptor . . . . . . . . . . . . . . . . . . . 245
12.3.3 Short Run Length Histogram . . . . . . . . . . . . . . . . . . . 246
12.3.4 Similarity Measure . . . . . . . . . . . . . . . . . . . . . . . . . . 249

12.4 Experimental Evaluation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 249
12.5 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 254
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 255

13 Content-Based Image Retrieval Using Integrated Color, Texture,
and Shape Features . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 257
13.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 257
13.2 Review of Region-Based Retrieval Approaches . . . . . . . . . . . . 259
13.3 Review of LBP-Based Approaches . . . . . . . . . . . . . . . . . . . . . 260
13.4 Completed Binary Region Descriptor . . . . . . . . . . . . . . . . . . . 261

13.4.1 Color Feature Extraction . . . . . . . . . . . . . . . . . . . . . . 261
13.4.2 Texture Feature Extraction . . . . . . . . . . . . . . . . . . . . 263
13.4.3 Shape Feature Extraction . . . . . . . . . . . . . . . . . . . . . . 264
13.4.4 Region Code-Based Retrieval . . . . . . . . . . . . . . . . . . 264
13.4.5 Similarity Measure . . . . . . . . . . . . . . . . . . . . . . . . . . 266

xviii Contents



13.5 Experimental Evaluation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 266
13.6 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 269
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 270

14 Multistage Content-Based Image Retrieval . . . . . . . . . . . . . . . . . . . 273
14.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 273
14.2 Related Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 275
14.3 System Architecture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 276

14.3.1 Image Indexing . . . . . . . . . . . . . . . . . . . . . . . . . . . . 276
14.3.2 Image Retrieval . . . . . . . . . . . . . . . . . . . . . . . . . . . . 277

14.4 Feature Extraction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 280
14.5 Relevance Feedback . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 283
14.6 Analysis of Computation Time . . . . . . . . . . . . . . . . . . . . . . . 284
14.7 Experimental Evaluation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 284
14.8 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 292
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 292

15 Research Issues for Next Generation Content-Based Image
Retrieval . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 295
15.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 295
15.2 User Interaction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 295
15.3 Segmentation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 297
15.4 Dimensionality Reduction and Indexing of Image Features . . . 297
15.5 Geotag-Based Image Retrieval . . . . . . . . . . . . . . . . . . . . . . . . 298
15.6 High-Level Image Features . . . . . . . . . . . . . . . . . . . . . . . . . . 298
15.7 Deep Learning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 300
15.8 Privacy-Preserving Content-Based Image Retrieval . . . . . . . . . 300
15.9 Content-Based Video Retrieval . . . . . . . . . . . . . . . . . . . . . . . 301
15.10 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 301
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 301

Appendix A: Natural and Texture image Databases . . . . . . . . . . . . . . . . 303

Appendix B: Some Popular Existing CBIR Systems . . . . . . . . . . . . . . . . 323

Bibliography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 343

Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 375

Contents xix



About the Author

Prof. Vipin Tyagi , Fellow - IETE, is currently working as Professor in Computer
Science and Engineering and Head- Faculty of Mathematical Sciences at the Jaypee
University of Engineering and Technology, Guna, India. He is the Vice President
of the Computer Society of India (CSI) of Region 3. He is also associated with the
CSI Special Interest Group on Cyber Forensics. He was President of the
Engineering Sciences Section of the Indian Science Congress Association (ISCA)
for the term 2010–11. He has published a number of papers in various prominent
journals and advanced research series. He is a recognized expert in the areas of
image processing, cyber security and cyber forensics.

xxi



List of Figures

Fig. 1.1 Architecture of a typical CBIR system . . . . . . . . . . . . . . . . . . . 6
Fig. 3.1 ROI image retrieval framework for SDR and UDR

in both offline and online modes . . . . . . . . . . . . . . . . . . . . . . . . 51
Fig. 3.2 Image showing location index of different blocks . . . . . . . . . . . 52
Fig. 3.3 a Division of image in blocks of size 3 � 3. b Reflection

of the proportion of ROI overlapping blocks . . . . . . . . . . . . . . . 54
Fig. 3.4 Region code assignment for image layout 3 � 3. . . . . . . . . . . . 56
Fig. 3.5 Image partition. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57
Fig. 4.1 Optimal precision–recall graph . . . . . . . . . . . . . . . . . . . . . . . . . 77
Fig. 4.2 Worst case for a precision–recall graph . . . . . . . . . . . . . . . . . . . 78
Fig. 4.3 Linear relation between recall and precision . . . . . . . . . . . . . . . 78
Fig. 4.4 Precision–recall graph that indicates high retrieval precision . . . . 78
Fig. 5.1 Overview of the normative scope of MPEG-7 standard. . . . . . . 86
Fig. 5.2 Overview of non-native scope of MPEG-7 standard . . . . . . . . . 87
Fig. 5.3 Progression of MPEG standards and related applications,

problems, and innovations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88
Fig. 5.4 Basic constructs of MPEG-7 and their relationships . . . . . . . . . 91
Fig. 5.5 Normative scope of MPEG-7 includes the DDL and a

standard set of description schemes and descriptors. . . . . . . . . . 92
Fig. 6.1 An overview of shape description techniques . . . . . . . . . . . . . . 104
Fig. 6.2 Digital Curve and its step function representation in the

tangent space . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105
Fig. 6.3 Curvature function. a Contours normalized to 128 points;

the dots marked star are the starting points on the contours;
b Curvature functions; the curvature is computed
clockwise. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107

Fig. 6.4 Area function. a Original contour; b The area
function of (a) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107

Fig. 6.5 Illustration of the distance from a point on the boundary
to a linear segment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109

xxiii



Fig. 6.6 A few stages of polygon evolution according to a relevant
measure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110

Fig. 6.7 Splitting methods for polygonal approximation . . . . . . . . . . . . . 110
Fig. 6.8 Adaptive resolution representations. a Adaptive grid

resolution (AGR) image; b Quad-tree decomposition
of AGR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112

Fig. 6.9 Five steps of bounding box splitting. a Compute the bounding
box B(S) of a pixel set S; b Subdivide S into n vertical slices;
c Compute the bounding box B(Sj) of each resulting pixel set
Sj, where j = 1, 2, …, n; d Subdivide each B(Sj) into m
horizontal slices; e Compute the bounding box B(Sij)
of each resulting pixel set Sij, where i = 1, 2, …, m . . . . . . . . . 113

Fig. 6.10 A sample points on lattice and examples of how it
is mapped onto different shapes. . . . . . . . . . . . . . . . . . . . . . . . . 113

Fig. 6.11 Illustration of recursive process of convex hull. a Convex hull
and its concavities; b Concavity tree representation
of convex hull . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114

Fig. 6.12 Basic chain code direction. a Chain code in eight directions
(8-connectivity); b Chain code in four directions
(4-connectivity) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115

Fig. 6.13 Vertex chain code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115
Fig. 6.14 Symbolic feature-based axis of least inertia . . . . . . . . . . . . . . . . 116
Fig. 6.15 Square model shape matrix. a Original shape region; b Square

model shape matrix; c Reconstruction of the shape region . . . . 118
Fig. 6.16 Chord distribution. a Original contour; b Chord length

histogram; c Chord angle histogram (each stem covers 3) . . . . . 119
Fig. 6.17 Medial axis of a rectangle defined in terms of bi-tangent

circles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120
Fig. 6.18 Shock segments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120
Fig. 6.19 Examples of shapes and their shock graphs . . . . . . . . . . . . . . . . 120
Fig. 6.20 Polar shape image turns into normal rectangular image.

a Original shape image in polar space; b Polar image
of (a) plotted into Cartesian space . . . . . . . . . . . . . . . . . . . . . . . 128

Fig. 7.1 Visible light spectrum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 134
Fig. 7.2 CIE XYZ color matching functions . . . . . . . . . . . . . . . . . . . . . . 138
Fig. 7.3 CIE RGB color matching functions . . . . . . . . . . . . . . . . . . . . . . 138
Fig. 7.4 Maxwell triangle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 140
Fig. 7.5 RGB color model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 140
Fig. 7.6 HSI color space . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 145
Fig. 7.7 HSV color space . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 147
Fig. 7.8 Munsell color system. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 151
Fig. 7.9 Opponent color stage of the human visual system . . . . . . . . . . . 152
Fig. 8.1 An example of spatial texture. a Structural texture,

b Stochastic texture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 162

xxiv List of Figures



Fig. 8.2 Four primary directions of a current pixel . . . . . . . . . . . . . . . . . 168
Fig. 8.3 Illustration of LBP computation. . . . . . . . . . . . . . . . . . . . . . . . . 173
Fig. 8.4 The Voronoi diagram of a set of texture elements . . . . . . . . . . . 176
Fig. 9.1 Example of an image and its corresponding region codes . . . . . 187
Fig. 9.2 Region codes assignment for a layout of size 5 � 5 . . . . . . . . . 188
Fig. 9.3 Algorithm to select ROBs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 188
Fig. 9.4 ROI selected by the user . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 188
Fig. 9.5 Images showing region codes of different regions to be

compared with query region 1000 . . . . . . . . . . . . . . . . . . . . . . . 190
Fig. 9.6 Multiple ROIs selected by the user . . . . . . . . . . . . . . . . . . . . . . 192
Fig. 9.7 Algorithm to find relative locations of multiple ROIs . . . . . . . . 193
Fig. 9.8 Query examples in a MPEG-7 CCD database (dataset-1)

b COREL-10000 database (dataset-2) . . . . . . . . . . . . . . . . . . . . 197
Fig. 9.9 Comparison of average precision using different block sizes

on a Dataset-1 b Dataset-2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . 197
Fig. 9.10 Interpolated P-R graphs to compare different methods on

a Dataset-1 b Dataset-2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 199
Fig. 9.11 Performance comparison of average Precision–Recall graph

on a Dataset-1 b Dataset-2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . 200
Fig. 9.12 Performance comparison in terms of retrieval time . . . . . . . . . . 201
Fig. 9.13 Retrieval results for example query . . . . . . . . . . . . . . . . . . . . . . 201
Fig. 10.1 ROI-based image retrieval system . . . . . . . . . . . . . . . . . . . . . . . 208
Fig. 10.2 Segmentation, representation, classification, and feature

extraction of ROIs of the image . . . . . . . . . . . . . . . . . . . . . . . . 210
Fig. 10.3 Background threshold calculation for each block. . . . . . . . . . . . 211
Fig. 10.4 a Original image, b Background of the image processed at

block 8 � 8, c Background subtracted image, and d Binary
image processed at block 8 � 8 after applying threshold . . . . . 212

Fig. 10.5 Selection of texture UDR and non-texture UDR at different
locations of image . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 214

Fig. 10.6 Extracted regions of images. . . . . . . . . . . . . . . . . . . . . . . . . . . . 218
Fig. 10.7 a Retrieval precision at blocks of different sizes and

b Average segmentation time at blocks of different sizes
for a complete image . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 219

Fig. 10.8 a Complete image, b Extracted ROI, and c Retrieval results
based on ROI (relevancy decreases from left to right
and top to bottom) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 220

Fig. 10.9 a Query image, b Extracted ROI, and c Retrieval results based
on ROI (relevancy decreases from left to right
and top to bottom) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 221

Fig. 10.10 Performance comparison in terms of average precision–recall
graph on COREL database . . . . . . . . . . . . . . . . . . . . . . . . . . . . 222

List of Figures xxv



Fig. 10.11 Performance comparison in terms of average precision–recall
graph on CIFAR database . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 223

Fig. 11.1 Proposed texture image retrieval system . . . . . . . . . . . . . . . . . . 233
Fig. 11.2 An example showing image retrieval by method [1] on texture

image group D1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 236
Fig. 11.3 An example showing image retrieval by method [1] on texture

image group D2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 237
Fig. 11.4 An example showing image retrieval by method [1] on rotated

image group D3. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 238
Fig. 11.5 Comparison of average retrieval rank on database D1 . . . . . . . . 238
Fig. 11.6 Comparison of average retrieval rank on database D2 . . . . . . . . 239
Fig. 12.1 Five texton types defined in SED. a Denotes 0°, b Denotes

90°, c Denotes 45°, d Denotes 135°, e No direction . . . . . . . . . 243
Fig. 12.2 Extraction of SEH for a color . . . . . . . . . . . . . . . . . . . . . . . . . . 243
Fig. 12.3 Five special textons used in TCM . . . . . . . . . . . . . . . . . . . . . . . 244
Fig. 12.4 An example showing a Run length of 3 described by SED

as of length 2, b Undetected run length of pair of 1 . . . . . . . . . 245
Fig. 12.5 Process of extraction of short run length histogram at an

orientation of 0°. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 246
Fig. 12.6 Process of combining histograms into single histogram. . . . . . . 247
Fig. 12.7 Images and corresponding SRLH . . . . . . . . . . . . . . . . . . . . . . . 248
Fig. 12.8 Average precision and recall of the SRLH using different

number of bins a Dataset-1, b Dataset-2 . . . . . . . . . . . . . . . . . . 250
Fig. 12.9 Average precision and recall of the different methods

for a Dataset-1, b Dataset-2. . . . . . . . . . . . . . . . . . . . . . . . . . . . 251
Fig. 12.10 Average precision and recall of different methods on

a Dataset-1, b Dataset-2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 252
Fig. 12.11 Image retrieval for dinosaurs . . . . . . . . . . . . . . . . . . . . . . . . . . . 252
Fig. 12.12 Image retrieval for flowers. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 253
Fig. 12.13 Image retrieval for horses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 254
Fig. 12.14 Comparison of average retrieval time . . . . . . . . . . . . . . . . . . . . 254
Fig. 13.1 An example image and its region code assignment . . . . . . . . . . 265
Fig. 13.2 Average precision recall graph for dataset-2. a Four methods,

b Other three methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 267
Fig. 13.3 Sample images from 10 categories of dataset-2 . . . . . . . . . . . . . 268
Fig. 13.4 Average precision–recall graph for dataset-2. a Four methods,

b Other three methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 268
Fig. 13.5 Sample image retrieval . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 269
Fig. 14.1 Content-based image indexing . . . . . . . . . . . . . . . . . . . . . . . . . . 277
Fig. 14.2 Model of image retrieval . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 278
Fig. 14.3 Relationship between database (D) and intermediate results

RC, RT, and RS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 279

xxvi List of Figures



Fig. 14.4 Example images representing each category of COREL
database [Dataset-1]. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 285

Fig. 14.5 Retrieval results for an example query on dataset-1. . . . . . . . . . 285
Fig. 14.6 Intermediate results for each stage a Result of first stage (RC)

with N = 10, b Result of second stage (RT) with P = 8, c Final
result of system (RS) with K = 5 [using dataset-1]. . . . . . . . . . . 286

Fig. 14.7 Comparison of average precision among different models
on dataset-1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 288

Fig. 14.8 Comparison of average recall among different models on
dataset-1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 288

Fig. 14.9 Comparison of average retrieval time among different models
on dataset-1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 288

Fig. 14.10 Sample images from each category of the dataset-2 . . . . . . . . . 289
Fig. 14.11 Average precision–recall of different model over randomly

selected 100 queries on dataset-2. . . . . . . . . . . . . . . . . . . . . . . . 290
Fig. 14.12 Comparison of average retrieval time among different models

on dataset-2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 290
Fig. 14.13 Comparison of the performance of the proposed model using

different sequences of features color (C), texture (T),
and shape (S) for a Dataset-1 and b Dataset-2 . . . . . . . . . . . . . 291

Fig. 15.1 Facets of image retrieval as a field of research . . . . . . . . . . . . . 296
Fig. A.1 Sample images at different illumination from Brodatz

database . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 304
Fig. A.2 Sample of texture images from the CUReT database. . . . . . . . . 305
Fig. A.3 Sample images from KTH-TIPS database . . . . . . . . . . . . . . . . . 306
Fig. A.4 Sample images with names of materials from KTH-TIPS

database . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 307
Fig. A.5 Sample images with names of Materials from KTH-TIPS 2

database . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 308
Fig. A.6 Sample images from OUTEX database . . . . . . . . . . . . . . . . . . . 310
Fig. A.7 Sample images from STex database. . . . . . . . . . . . . . . . . . . . . . 310
Fig. A.8 Sample images from UIUC database . . . . . . . . . . . . . . . . . . . . . 312
Fig. A.9 Sample images from Vistex database. . . . . . . . . . . . . . . . . . . . . 313
Fig. A.10 Sample images from CIFAR database . . . . . . . . . . . . . . . . . . . . 314
Fig. A.11 Sample images representing each category of COREL-1K

database . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 316
Fig. A.12 Sample images from COREL-5K and COREL-10K

databases . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 317
Fig. A.13 Sample images from IRMA database. . . . . . . . . . . . . . . . . . . . . 318
Fig. A.14 MPEG-7 CCD image categories . . . . . . . . . . . . . . . . . . . . . . . . 319
Fig. A.15 Sample images from UCID database . . . . . . . . . . . . . . . . . . . . . 320
Fig. B.1 Blobworld processing: from pixels to region description . . . . . . 324
Fig. B.2 Image robot subsystem diagram. . . . . . . . . . . . . . . . . . . . . . . . . 327

List of Figures xxvii



Fig. B.3 Interactive image query subsystem diagram. . . . . . . . . . . . . . . . 329
Fig. B.4 MetaSEEk CBIR system . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 331
Fig. B.5 NeTra image retrieval system . . . . . . . . . . . . . . . . . . . . . . . . . . 333
Fig. B.6 QBIC system . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 337
Fig. B.7 Indexing in the SIMPLIcity retrieval system . . . . . . . . . . . . . . . 339

xxviii List of Figures



List of Tables

Table 7.1 EBU Tech 3213 primaries . . . . . . . . . . . . . . . . . . . . . . . . . . . . 141
Table 9.1 Comparison of retrieval performance by ROI overlapping

block selection method on dataset-1 and dataset-2 . . . . . . . . . 198
Table 9.2 ANMRR obtained from different methods on dataset-1

and dataset-2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 199
Table 10.1 Algorithm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 208
Table 10.2 Background subtraction and feature extraction process . . . . . . 211
Table 11.1 Comparison of feature vector length, feature extraction

time, and search time. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 235
Table 11.2 Comparison of average retrieval accuracy

on image group D1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 235
Table 11.3 Comparison of average retrieval accuracy

on image group D2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 236
Table 12.1 ANMRR obtained for different methods . . . . . . . . . . . . . . . . . 250
Table 14.1 Structure of database . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 277
Table 14.2 Average precision of different models

on dataset-1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 287
Table 14.3 Comparison of average precision of different models

on dataset-2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 289

xxix



Acronyms

AGR Adaptive grid resolution
ANMRR Average Normalized Modified Retrieval Rank
ART Angular radial transformation
BAS Beam angle statistics
BM Boltzmann machines
BOVW Bag-of-visual-words
BoW Bag-of-words
BQMP Binary quaternion-moment preserving
CBIR Content-based image retrieval
CBRD Completed binary region descriptor
CBVR Content-based video retrieval
CCD Common Color Dataset
CCH Chain code histogram
CCH Color co-occurrence histogram
CCM Color concurrence matrix
CCQ Common Color Queries
CECH Color edge co-occurrence histogram
CHKM Color histogram for K-means
CHV Color coherence vector
CLD Color layout descriptor
CMY Cyan, magenta, yellow
CS Coding Schemes
CSS Curvature scale space
CVAAO Color variances among adjacent objects
CVLBP Completed volume local binary pattern
CWT Complex wavelet transform
DBM Deep Boltzmann machine
DBN Deep belief network
DBSCP Difference between pixels of scan pattern
DCC Differential chain codes

xxxi



DCD Dominant color descriptor
DCT Discrete cosine transform
DDL Description Definition Language
DLBP Dominant local binary patterns
DNN Deep neural networks
Ds Descriptors
DSs Description Schemes
DST Discrete sine transform
DT Decision tree
EBU European Broadcasting Union
EGWC Enhanced Gabor wavelet correlogram
EHD Edge histogram descriptor
EI-MST Edge integrated minimum spanning tree
ELBP Extended local binary pattern
EMD Earth Mover Distance
FARG Fuzzy attributed relational graph
FCC Federal Communication Commission of America
FD Fourier descriptor
FIDS Flexible image database system
GAVG Global average
GFD Generic Fourier descriptor
GLCM Gray-level co-occurrence matrix
HDTV High-definition television
HMMD Hue min–max difference color space
HSB Hue, saturation, brightness
HSL Hue, saturation, luminance
HSV Hue, saturation, value
HTD Homogeneous texture descriptor
ICM Iterated conditional modes
IEC International Electrotechnical Commission
IM Invariant moments
IP Information preserving
IPM Intersection point map
IR Information retrieval
IRM Integrated region matching
ISO International Standards Organization
KL divergence Kullback–Leibler divergence
LAD Local average difference
LBP Local binary pattern
LBPV Local binary pattern variance
LDA Linear discrimination analysis
LEPINV Line edge pattern for image retrieval
LEPSEG Line edge pattern for segmentation
LMP Local mesh patterns
LSE Least square error

xxxii Acronyms



LTP Local ternary pattern
LTrP Local tetra pattern
MBP Median binary pattern
MPEG Moving Picture Experts Group
MPFT Modified Polar fourier transform
MRF Markov random field
MRSAR Multiresolution simultaneous autoregressive model
MSD Microstructure descriptors
MS-LBP Multiscale local binary pattern
MTH Multitexton Histogram
NIP Non-information preserving
NISP Noise-invariant structure pattern
NMRR Normalized Modified Retrieval Rank
OCLBP Opponent color local binary pattern
OFMM Orthogonal Fourier–Mellin moment
PBD Perceptual browsing descriptor
PCA Principal component analysis
PLBP Pyramid-based local binary pattern
PR Precision–recall
PWT Pyramid-structured wavelet transform
QBIC Query By Image Content
QF Quadratic form
RBIR Region-based image retrieval
RBM Restricted Boltzmann machines
RCC Resampling chain codes
RCM Radial Chebyshev moments
RF Relevance feedback
RGB Red, green, blue
RI-LBP Rotation-invariant image local binary pattern
RLBP Robust local binary patterns
ROBs Region of blocks
ROI Region of interest
RSA Region similarity arrangement
RST Rotated, scaled, or translated
RWF Rotated wavelet filter
SAR Simultaneous autoregressive
SCD Scalable color descriptor
SDR System-designated ROI
SED Structure element descriptor
SEH Structure element histogram
SIFT Scale-invariant feature transform
SMPTE Society of Motion Picture and Television Engineers
SOM Self-organization map
SPD Spectral power distribution
SRLD Short run length texture descriptor

Acronyms xxxiii



SRLH Short run length histogram
SVM Support vector machine
TBIR Text-based image retrieval
TCM Texton co-occurrence matrix
TWT Tree-structured wavelet transform
UDR User-designated ROI
VCC Vertex chain code
VLBP Volume local binary pattern
WT Wavelet transform
ZM Zernike moments

xxxiv Acronyms


	Foreword
	Preface
	Contents
	About the Author
	List of Figures
	List of Tables
	Acronyms



