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Preface

Image engineering is a new inter-discipline that systematically studies various image
theories and methods, elaborates the principles of image operation, promotes the
applications of image technology, and summarizes production experience in the
image industry. As an overall framework and system for the comprehensive research
and integrated application of various image technologies, image engineering has
received extensive attention and made considerable development in recent years.

This is a handbook that takes the chapter as a representation unit for key
knowledge points of image engineering. These units combine the definitions of
common concepts, related principles, practical techniques, and specific methods of
image engineering. It could be of help to different readers related to the field of
image technology in diverse ways, such as offering a general idea to unlearned
readers who are looking to begin, making a summary for students who are currently
learning, providing consultation to engineers who have working requirements, and
delivering a comprehensive reference for senior researchers with relevant
knowledge.

This handbook is organized into 5 parts with 52 chapters that are corresponding to
different branches and directions of image engineering. For each chapter, the related
entries are grouped into several sections (totally 216 sections) and subsections
(totally 651 subsections). The numbers of entry for each chapter, section, and
subsection are marked in the braces after their titles in the contents. They provide
a general idea about the scale of the chapters, sections, and subsections and thus an
overall viewing of the book. Totally, near 10,000 entries are collected mainly from
dozens of books and some journal articles published globally in recent years. In the
subject index, more than 10,000 guiding items can be found.

This handbook provides a comprehensive coverage of image engineering. For
each chapter, in addition to its concise definition, extra explanations, examples,
analysis, and discussions are also provided. These entries are supported by totally
750 figures and 28 tables, as well as more than a thousand of formulas. These entries
can be cross-referenced by bold words in the text. These entries are also
interconnected by the specifiers “See”, “Same as”, and “Compare” at the end of
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entry texts. Besides, for each chapter and section, several appropriate references are
selected to indicate the source for further and detailed information.

This handbook of image engineering integrates the common concepts, related
principles, practical technologies, and specific methods into one

• Comprehensive coverage, refined interpretation
• Flexible reference and easy access
• Well-organized and completely structured

Special thanks go to Springer Nature Singapore Pte Ltd. and their staff members.
Their kind and professional assistance are truly appreciated.

Last but not least, I am deeply indebted to my wife and my daughter for their
encouragement, patience, support, tolerance, and understanding during the writing
of this book.

Beijing, China Yu-Jin Zhang

vi Preface



General Directory

vii



Contents

Part I Image Fundamentals

1 Image Basics {324} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
1.1 Basic Concepts of Image {31} . . . . . . . . . . . . . . . . . . . . . . . 3

1.1.1 Image and Image Space {16} . . . . . . . . . . . . . . . . . 3
1.1.2 Digital Image and Computer-Generated

Image {15} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
1.2 Image Decomposition {46} . . . . . . . . . . . . . . . . . . . . . . . . . 8

1.2.1 Image Decomposition {11} . . . . . . . . . . . . . . . . . . 8
1.2.2 Pixel and Voxel {17} . . . . . . . . . . . . . . . . . . . . . . 9
1.2.3 Various Elements {18} . . . . . . . . . . . . . . . . . . . . . 12

1.3 All Kinds of Image {74} . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
1.3.1 Images with Different Wavelengths {19} . . . . . . . . 14
1.3.2 Different Dimensional Images {16} . . . . . . . . . . . . 17
1.3.3 Color Image {20} . . . . . . . . . . . . . . . . . . . . . . . . . 19
1.3.4 Images for Different Applications {19} . . . . . . . . . 21

1.4 Special Attribute Images {109} . . . . . . . . . . . . . . . . . . . . . . 25
1.4.1 Images with Various Properties {16} . . . . . . . . . . . 25
1.4.2 Image with Specific Attribute {20} . . . . . . . . . . . . . 27
1.4.3 Depth Images {14} . . . . . . . . . . . . . . . . . . . . . . . . 31
1.4.4 Image with Variant Sources {19} . . . . . . . . . . . . . . 33
1.4.5 Processing Result Image {20} . . . . . . . . . . . . . . . . 35
1.4.6 Others {20} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

1.5 Image Representation {47} . . . . . . . . . . . . . . . . . . . . . . . . . . 42
1.5.1 Representation {9} . . . . . . . . . . . . . . . . . . . . . . . . 42
1.5.2 Image Property {19} . . . . . . . . . . . . . . . . . . . . . . . 44
1.5.3 Image Resolution {19} . . . . . . . . . . . . . . . . . . . . . 46

1.6 Image Quality {17} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50

2 Image Engineering {160} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
2.1 Image Engineering Technology {40} . . . . . . . . . . . . . . . . . . 55

ix

https://doi.org/10.1007/978-981-15-5873-3_1
https://doi.org/10.1007/978-981-15-5873-3_1
https://doi.org/10.1007/978-981-15-5873-3_1
https://doi.org/10.1007/978-981-15-5873-3_1
https://doi.org/10.1007/978-981-15-5873-3_1#Sec1
https://doi.org/10.1007/978-981-15-5873-3_1#Sec1
https://doi.org/10.1007/978-981-15-5873-3_1#Sec1
https://doi.org/10.1007/978-981-15-5873-3_1#Sec1
https://doi.org/10.1007/978-981-15-5873-3_1#Sec2
https://doi.org/10.1007/978-981-15-5873-3_1#Sec2
https://doi.org/10.1007/978-981-15-5873-3_1#Sec2
https://doi.org/10.1007/978-981-15-5873-3_1#Sec2
https://doi.org/10.1007/978-981-15-5873-3_1#Sec3
https://doi.org/10.1007/978-981-15-5873-3_1#Sec3
https://doi.org/10.1007/978-981-15-5873-3_1#Sec3
https://doi.org/10.1007/978-981-15-5873-3_1#Sec3
https://doi.org/10.1007/978-981-15-5873-3_1#Sec3
https://doi.org/10.1007/978-981-15-5873-3_1#Sec4
https://doi.org/10.1007/978-981-15-5873-3_1#Sec4
https://doi.org/10.1007/978-981-15-5873-3_1#Sec4
https://doi.org/10.1007/978-981-15-5873-3_1#Sec4
https://doi.org/10.1007/978-981-15-5873-3_1#Sec5
https://doi.org/10.1007/978-981-15-5873-3_1#Sec5
https://doi.org/10.1007/978-981-15-5873-3_1#Sec5
https://doi.org/10.1007/978-981-15-5873-3_1#Sec5
https://doi.org/10.1007/978-981-15-5873-3_1#Sec6
https://doi.org/10.1007/978-981-15-5873-3_1#Sec6
https://doi.org/10.1007/978-981-15-5873-3_1#Sec6
https://doi.org/10.1007/978-981-15-5873-3_1#Sec6
https://doi.org/10.1007/978-981-15-5873-3_1#Sec7
https://doi.org/10.1007/978-981-15-5873-3_1#Sec7
https://doi.org/10.1007/978-981-15-5873-3_1#Sec7
https://doi.org/10.1007/978-981-15-5873-3_1#Sec7
https://doi.org/10.1007/978-981-15-5873-3_1#Sec8
https://doi.org/10.1007/978-981-15-5873-3_1#Sec8
https://doi.org/10.1007/978-981-15-5873-3_1#Sec8
https://doi.org/10.1007/978-981-15-5873-3_1#Sec8
https://doi.org/10.1007/978-981-15-5873-3_1#Sec9
https://doi.org/10.1007/978-981-15-5873-3_1#Sec9
https://doi.org/10.1007/978-981-15-5873-3_1#Sec9
https://doi.org/10.1007/978-981-15-5873-3_1#Sec9
https://doi.org/10.1007/978-981-15-5873-3_1#Sec10
https://doi.org/10.1007/978-981-15-5873-3_1#Sec10
https://doi.org/10.1007/978-981-15-5873-3_1#Sec10
https://doi.org/10.1007/978-981-15-5873-3_1#Sec10
https://doi.org/10.1007/978-981-15-5873-3_1#Sec11
https://doi.org/10.1007/978-981-15-5873-3_1#Sec11
https://doi.org/10.1007/978-981-15-5873-3_1#Sec11
https://doi.org/10.1007/978-981-15-5873-3_1#Sec11
https://doi.org/10.1007/978-981-15-5873-3_1#Sec12
https://doi.org/10.1007/978-981-15-5873-3_1#Sec12
https://doi.org/10.1007/978-981-15-5873-3_1#Sec12
https://doi.org/10.1007/978-981-15-5873-3_1#Sec12
https://doi.org/10.1007/978-981-15-5873-3_1#Sec13
https://doi.org/10.1007/978-981-15-5873-3_1#Sec13
https://doi.org/10.1007/978-981-15-5873-3_1#Sec13
https://doi.org/10.1007/978-981-15-5873-3_1#Sec13
https://doi.org/10.1007/978-981-15-5873-3_1#Sec14
https://doi.org/10.1007/978-981-15-5873-3_1#Sec14
https://doi.org/10.1007/978-981-15-5873-3_1#Sec14
https://doi.org/10.1007/978-981-15-5873-3_1#Sec14
https://doi.org/10.1007/978-981-15-5873-3_1#Sec15
https://doi.org/10.1007/978-981-15-5873-3_1#Sec15
https://doi.org/10.1007/978-981-15-5873-3_1#Sec15
https://doi.org/10.1007/978-981-15-5873-3_1#Sec15
https://doi.org/10.1007/978-981-15-5873-3_1#Sec16
https://doi.org/10.1007/978-981-15-5873-3_1#Sec16
https://doi.org/10.1007/978-981-15-5873-3_1#Sec16
https://doi.org/10.1007/978-981-15-5873-3_1#Sec16
https://doi.org/10.1007/978-981-15-5873-3_1#Sec17
https://doi.org/10.1007/978-981-15-5873-3_1#Sec17
https://doi.org/10.1007/978-981-15-5873-3_1#Sec17
https://doi.org/10.1007/978-981-15-5873-3_1#Sec17
https://doi.org/10.1007/978-981-15-5873-3_1#Sec18
https://doi.org/10.1007/978-981-15-5873-3_1#Sec18
https://doi.org/10.1007/978-981-15-5873-3_1#Sec18
https://doi.org/10.1007/978-981-15-5873-3_1#Sec18
https://doi.org/10.1007/978-981-15-5873-3_1#Sec19
https://doi.org/10.1007/978-981-15-5873-3_1#Sec19
https://doi.org/10.1007/978-981-15-5873-3_1#Sec19
https://doi.org/10.1007/978-981-15-5873-3_1#Sec19
https://doi.org/10.1007/978-981-15-5873-3_1#Sec20
https://doi.org/10.1007/978-981-15-5873-3_1#Sec20
https://doi.org/10.1007/978-981-15-5873-3_1#Sec20
https://doi.org/10.1007/978-981-15-5873-3_1#Sec20
https://doi.org/10.1007/978-981-15-5873-3_1#Sec21
https://doi.org/10.1007/978-981-15-5873-3_1#Sec21
https://doi.org/10.1007/978-981-15-5873-3_1#Sec21
https://doi.org/10.1007/978-981-15-5873-3_1#Sec21
https://doi.org/10.1007/978-981-15-5873-3_1#Sec22
https://doi.org/10.1007/978-981-15-5873-3_1#Sec22
https://doi.org/10.1007/978-981-15-5873-3_1#Sec22
https://doi.org/10.1007/978-981-15-5873-3_1#Sec22
https://doi.org/10.1007/978-981-15-5873-3_1#Sec23
https://doi.org/10.1007/978-981-15-5873-3_1#Sec23
https://doi.org/10.1007/978-981-15-5873-3_1#Sec23
https://doi.org/10.1007/978-981-15-5873-3_1#Sec23
https://doi.org/10.1007/978-981-15-5873-3_1#Sec24
https://doi.org/10.1007/978-981-15-5873-3_1#Sec24
https://doi.org/10.1007/978-981-15-5873-3_1#Sec24
https://doi.org/10.1007/978-981-15-5873-3_1#Sec24
https://doi.org/10.1007/978-981-15-5873-3_2
https://doi.org/10.1007/978-981-15-5873-3_2
https://doi.org/10.1007/978-981-15-5873-3_2
https://doi.org/10.1007/978-981-15-5873-3_2
https://doi.org/10.1007/978-981-15-5873-3_2#Sec1
https://doi.org/10.1007/978-981-15-5873-3_2#Sec1
https://doi.org/10.1007/978-981-15-5873-3_2#Sec1
https://doi.org/10.1007/978-981-15-5873-3_2#Sec1


2.1.1 Image Engineering {11} . . . . . . . . . . . . . . . . . . . . 55
2.1.2 Image Processing {16} . . . . . . . . . . . . . . . . . . . . . 59
2.1.3 Image Analysis {6} . . . . . . . . . . . . . . . . . . . . . . . . 61
2.1.4 Image Understanding {7} . . . . . . . . . . . . . . . . . . . 63

2.2 Similar Disciplines {64} . . . . . . . . . . . . . . . . . . . . . . . . . . . 64
2.2.1 Computer Vision {16} . . . . . . . . . . . . . . . . . . . . . . 65
2.2.2 Machine Vision {11} . . . . . . . . . . . . . . . . . . . . . . 68
2.2.3 Computer Graphics {20} . . . . . . . . . . . . . . . . . . . . 69
2.2.4 Light Field {17} . . . . . . . . . . . . . . . . . . . . . . . . . . 72

2.3 Related Subjects {56} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
2.3.1 Fractals {14} . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
2.3.2 Topology {14} . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
2.3.3 Virtual Reality {10} . . . . . . . . . . . . . . . . . . . . . . . 79
2.3.4 Others {18} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80

3 Image Acquisition Devices {436} . . . . . . . . . . . . . . . . . . . . . . . . . . 85
3.1 Device Parameters {49} . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85

3.1.1 Camera Parameters {18} . . . . . . . . . . . . . . . . . . . . 85
3.1.2 Camera Motion Description {16} . . . . . . . . . . . . . . 88
3.1.3 Camera Operation {15} . . . . . . . . . . . . . . . . . . . . . 91

3.2 Sensors {72} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94
3.2.1 Sensor Models {16} . . . . . . . . . . . . . . . . . . . . . . . 94
3.2.2 Sensor Characteristics {17} . . . . . . . . . . . . . . . . . . 96
3.2.3 Image Sensors {14} . . . . . . . . . . . . . . . . . . . . . . . 99
3.2.4 Specific Sensors {12} . . . . . . . . . . . . . . . . . . . . . . 101
3.2.5 Commonly Used Sensors {13} . . . . . . . . . . . . . . . . 103

3.3 Cameras and Camcorders {88} . . . . . . . . . . . . . . . . . . . . . . . 105
3.3.1 Conventional Cameras {18} . . . . . . . . . . . . . . . . . . 105
3.3.2 Camera Models {15} . . . . . . . . . . . . . . . . . . . . . . . 108
3.3.3 Special Structure Cameras {20} . . . . . . . . . . . . . . . 110
3.3.4 Special Purpose Cameras {21} . . . . . . . . . . . . . . . . 113
3.3.5 Camera Systems {14} . . . . . . . . . . . . . . . . . . . . . . 115

3.4 Camera Calibration {49} . . . . . . . . . . . . . . . . . . . . . . . . . . . 118
3.4.1 Calibration Basics {17} . . . . . . . . . . . . . . . . . . . . . . . 118

3.4.2 Various Calibration Techniques {18} . . . . . . . . . . . 121
3.4.3 Internal and External Camera Calibration {14} . . . . 124

3.5 Lens {85} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126
3.5.1 Lens Model {16} . . . . . . . . . . . . . . . . . . . . . . . . . 126
3.5.2 Lens Types {20} . . . . . . . . . . . . . . . . . . . . . . . . . . 130
3.5.3 Lens Characteristics {17} . . . . . . . . . . . . . . . . . . . 136
3.5.4 Focal Length of Lens {16} . . . . . . . . . . . . . . . . . . 139
3.5.5 Lens Aperture and Diaphragm {16} . . . . . . . . . . . . 141

3.6 Lens Aberration {31} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 146
3.6.1 Lens Distortions {15} . . . . . . . . . . . . . . . . . . . . . . 146
3.6.2 Chromatic Aberration {16} . . . . . . . . . . . . . . . . . . 151

x Contents

https://doi.org/10.1007/978-981-15-5873-3_2#Sec2
https://doi.org/10.1007/978-981-15-5873-3_2#Sec2
https://doi.org/10.1007/978-981-15-5873-3_2#Sec2
https://doi.org/10.1007/978-981-15-5873-3_2#Sec2
https://doi.org/10.1007/978-981-15-5873-3_2#Sec3
https://doi.org/10.1007/978-981-15-5873-3_2#Sec3
https://doi.org/10.1007/978-981-15-5873-3_2#Sec3
https://doi.org/10.1007/978-981-15-5873-3_2#Sec3
https://doi.org/10.1007/978-981-15-5873-3_2#Sec4
https://doi.org/10.1007/978-981-15-5873-3_2#Sec4
https://doi.org/10.1007/978-981-15-5873-3_2#Sec4
https://doi.org/10.1007/978-981-15-5873-3_2#Sec4
https://doi.org/10.1007/978-981-15-5873-3_2#Sec5
https://doi.org/10.1007/978-981-15-5873-3_2#Sec5
https://doi.org/10.1007/978-981-15-5873-3_2#Sec5
https://doi.org/10.1007/978-981-15-5873-3_2#Sec5
https://doi.org/10.1007/978-981-15-5873-3_2#Sec6
https://doi.org/10.1007/978-981-15-5873-3_2#Sec6
https://doi.org/10.1007/978-981-15-5873-3_2#Sec6
https://doi.org/10.1007/978-981-15-5873-3_2#Sec6
https://doi.org/10.1007/978-981-15-5873-3_2#Sec7
https://doi.org/10.1007/978-981-15-5873-3_2#Sec7
https://doi.org/10.1007/978-981-15-5873-3_2#Sec7
https://doi.org/10.1007/978-981-15-5873-3_2#Sec7
https://doi.org/10.1007/978-981-15-5873-3_2#Sec8
https://doi.org/10.1007/978-981-15-5873-3_2#Sec8
https://doi.org/10.1007/978-981-15-5873-3_2#Sec8
https://doi.org/10.1007/978-981-15-5873-3_2#Sec8
https://doi.org/10.1007/978-981-15-5873-3_2#Sec9
https://doi.org/10.1007/978-981-15-5873-3_2#Sec9
https://doi.org/10.1007/978-981-15-5873-3_2#Sec9
https://doi.org/10.1007/978-981-15-5873-3_2#Sec9
https://doi.org/10.1007/978-981-15-5873-3_2#Sec10
https://doi.org/10.1007/978-981-15-5873-3_2#Sec10
https://doi.org/10.1007/978-981-15-5873-3_2#Sec10
https://doi.org/10.1007/978-981-15-5873-3_2#Sec10
https://doi.org/10.1007/978-981-15-5873-3_2#Sec11
https://doi.org/10.1007/978-981-15-5873-3_2#Sec11
https://doi.org/10.1007/978-981-15-5873-3_2#Sec11
https://doi.org/10.1007/978-981-15-5873-3_2#Sec11
https://doi.org/10.1007/978-981-15-5873-3_2#Sec12
https://doi.org/10.1007/978-981-15-5873-3_2#Sec12
https://doi.org/10.1007/978-981-15-5873-3_2#Sec12
https://doi.org/10.1007/978-981-15-5873-3_2#Sec12
https://doi.org/10.1007/978-981-15-5873-3_2#Sec13
https://doi.org/10.1007/978-981-15-5873-3_2#Sec13
https://doi.org/10.1007/978-981-15-5873-3_2#Sec13
https://doi.org/10.1007/978-981-15-5873-3_2#Sec13
https://doi.org/10.1007/978-981-15-5873-3_2#Sec14
https://doi.org/10.1007/978-981-15-5873-3_2#Sec14
https://doi.org/10.1007/978-981-15-5873-3_2#Sec14
https://doi.org/10.1007/978-981-15-5873-3_2#Sec14
https://doi.org/10.1007/978-981-15-5873-3_2#Sec15
https://doi.org/10.1007/978-981-15-5873-3_2#Sec15
https://doi.org/10.1007/978-981-15-5873-3_2#Sec15
https://doi.org/10.1007/978-981-15-5873-3_2#Sec15
https://doi.org/10.1007/978-981-15-5873-3_3
https://doi.org/10.1007/978-981-15-5873-3_3
https://doi.org/10.1007/978-981-15-5873-3_3
https://doi.org/10.1007/978-981-15-5873-3_3
https://doi.org/10.1007/978-981-15-5873-3_3#Sec1
https://doi.org/10.1007/978-981-15-5873-3_3#Sec1
https://doi.org/10.1007/978-981-15-5873-3_3#Sec1
https://doi.org/10.1007/978-981-15-5873-3_3#Sec1
https://doi.org/10.1007/978-981-15-5873-3_3#Sec2
https://doi.org/10.1007/978-981-15-5873-3_3#Sec2
https://doi.org/10.1007/978-981-15-5873-3_3#Sec2
https://doi.org/10.1007/978-981-15-5873-3_3#Sec2
https://doi.org/10.1007/978-981-15-5873-3_3#Sec3
https://doi.org/10.1007/978-981-15-5873-3_3#Sec3
https://doi.org/10.1007/978-981-15-5873-3_3#Sec3
https://doi.org/10.1007/978-981-15-5873-3_3#Sec3
https://doi.org/10.1007/978-981-15-5873-3_3#Sec4
https://doi.org/10.1007/978-981-15-5873-3_3#Sec4
https://doi.org/10.1007/978-981-15-5873-3_3#Sec4
https://doi.org/10.1007/978-981-15-5873-3_3#Sec4
https://doi.org/10.1007/978-981-15-5873-3_3#Sec5
https://doi.org/10.1007/978-981-15-5873-3_3#Sec5
https://doi.org/10.1007/978-981-15-5873-3_3#Sec5
https://doi.org/10.1007/978-981-15-5873-3_3#Sec5
https://doi.org/10.1007/978-981-15-5873-3_3#Sec6
https://doi.org/10.1007/978-981-15-5873-3_3#Sec6
https://doi.org/10.1007/978-981-15-5873-3_3#Sec6
https://doi.org/10.1007/978-981-15-5873-3_3#Sec6
https://doi.org/10.1007/978-981-15-5873-3_3#Sec7
https://doi.org/10.1007/978-981-15-5873-3_3#Sec7
https://doi.org/10.1007/978-981-15-5873-3_3#Sec7
https://doi.org/10.1007/978-981-15-5873-3_3#Sec7
https://doi.org/10.1007/978-981-15-5873-3_3#Sec8
https://doi.org/10.1007/978-981-15-5873-3_3#Sec8
https://doi.org/10.1007/978-981-15-5873-3_3#Sec8
https://doi.org/10.1007/978-981-15-5873-3_3#Sec8
https://doi.org/10.1007/978-981-15-5873-3_3#Sec9
https://doi.org/10.1007/978-981-15-5873-3_3#Sec9
https://doi.org/10.1007/978-981-15-5873-3_3#Sec9
https://doi.org/10.1007/978-981-15-5873-3_3#Sec9
https://doi.org/10.1007/978-981-15-5873-3_3#Sec10
https://doi.org/10.1007/978-981-15-5873-3_3#Sec10
https://doi.org/10.1007/978-981-15-5873-3_3#Sec10
https://doi.org/10.1007/978-981-15-5873-3_3#Sec10
https://doi.org/10.1007/978-981-15-5873-3_3#Sec11
https://doi.org/10.1007/978-981-15-5873-3_3#Sec11
https://doi.org/10.1007/978-981-15-5873-3_3#Sec11
https://doi.org/10.1007/978-981-15-5873-3_3#Sec11
https://doi.org/10.1007/978-981-15-5873-3_3#Sec12
https://doi.org/10.1007/978-981-15-5873-3_3#Sec12
https://doi.org/10.1007/978-981-15-5873-3_3#Sec12
https://doi.org/10.1007/978-981-15-5873-3_3#Sec12
https://doi.org/10.1007/978-981-15-5873-3_3#Sec13
https://doi.org/10.1007/978-981-15-5873-3_3#Sec13
https://doi.org/10.1007/978-981-15-5873-3_3#Sec13
https://doi.org/10.1007/978-981-15-5873-3_3#Sec13
https://doi.org/10.1007/978-981-15-5873-3_3#Sec14
https://doi.org/10.1007/978-981-15-5873-3_3#Sec14
https://doi.org/10.1007/978-981-15-5873-3_3#Sec14
https://doi.org/10.1007/978-981-15-5873-3_3#Sec14
https://doi.org/10.1007/978-981-15-5873-3_3#Sec15
https://doi.org/10.1007/978-981-15-5873-3_3#Sec15
https://doi.org/10.1007/978-981-15-5873-3_3#Sec15
https://doi.org/10.1007/978-981-15-5873-3_3#Sec15
https://doi.org/10.1007/978-981-15-5873-3_3#Sec16
https://doi.org/10.1007/978-981-15-5873-3_3#Sec16
https://doi.org/10.1007/978-981-15-5873-3_3#Sec16
https://doi.org/10.1007/978-981-15-5873-3_3#Sec16
https://doi.org/10.1007/978-981-15-5873-3_3#Sec17
https://doi.org/10.1007/978-981-15-5873-3_3#Sec17
https://doi.org/10.1007/978-981-15-5873-3_3#Sec17
https://doi.org/10.1007/978-981-15-5873-3_3#Sec17
https://doi.org/10.1007/978-981-15-5873-3_3#Sec18
https://doi.org/10.1007/978-981-15-5873-3_3#Sec18
https://doi.org/10.1007/978-981-15-5873-3_3#Sec18
https://doi.org/10.1007/978-981-15-5873-3_3#Sec18
https://doi.org/10.1007/978-981-15-5873-3_3#Sec19
https://doi.org/10.1007/978-981-15-5873-3_3#Sec19
https://doi.org/10.1007/978-981-15-5873-3_3#Sec19
https://doi.org/10.1007/978-981-15-5873-3_3#Sec19
https://doi.org/10.1007/978-981-15-5873-3_3#Sec20
https://doi.org/10.1007/978-981-15-5873-3_3#Sec20
https://doi.org/10.1007/978-981-15-5873-3_3#Sec20
https://doi.org/10.1007/978-981-15-5873-3_3#Sec20
https://doi.org/10.1007/978-981-15-5873-3_3#Sec21
https://doi.org/10.1007/978-981-15-5873-3_3#Sec21
https://doi.org/10.1007/978-981-15-5873-3_3#Sec21
https://doi.org/10.1007/978-981-15-5873-3_3#Sec21
https://doi.org/10.1007/978-981-15-5873-3_3#Sec22
https://doi.org/10.1007/978-981-15-5873-3_3#Sec22
https://doi.org/10.1007/978-981-15-5873-3_3#Sec22
https://doi.org/10.1007/978-981-15-5873-3_3#Sec22
https://doi.org/10.1007/978-981-15-5873-3_3#Sec23
https://doi.org/10.1007/978-981-15-5873-3_3#Sec23
https://doi.org/10.1007/978-981-15-5873-3_3#Sec23
https://doi.org/10.1007/978-981-15-5873-3_3#Sec23
https://doi.org/10.1007/978-981-15-5873-3_3#Sec24
https://doi.org/10.1007/978-981-15-5873-3_3#Sec24
https://doi.org/10.1007/978-981-15-5873-3_3#Sec24
https://doi.org/10.1007/978-981-15-5873-3_3#Sec24
https://doi.org/10.1007/978-981-15-5873-3_3#Sec25
https://doi.org/10.1007/978-981-15-5873-3_3#Sec25
https://doi.org/10.1007/978-981-15-5873-3_3#Sec25
https://doi.org/10.1007/978-981-15-5873-3_3#Sec25
https://doi.org/10.1007/978-981-15-5873-3_3#Sec26
https://doi.org/10.1007/978-981-15-5873-3_3#Sec26
https://doi.org/10.1007/978-981-15-5873-3_3#Sec26
https://doi.org/10.1007/978-981-15-5873-3_3#Sec26
https://doi.org/10.1007/978-981-15-5873-3_3#Sec27
https://doi.org/10.1007/978-981-15-5873-3_3#Sec27
https://doi.org/10.1007/978-981-15-5873-3_3#Sec27
https://doi.org/10.1007/978-981-15-5873-3_3#Sec27
https://doi.org/10.1007/978-981-15-5873-3_3#Sec28
https://doi.org/10.1007/978-981-15-5873-3_3#Sec28
https://doi.org/10.1007/978-981-15-5873-3_3#Sec28
https://doi.org/10.1007/978-981-15-5873-3_3#Sec28
https://doi.org/10.1007/978-981-15-5873-3_3#Sec29
https://doi.org/10.1007/978-981-15-5873-3_3#Sec29
https://doi.org/10.1007/978-981-15-5873-3_3#Sec29
https://doi.org/10.1007/978-981-15-5873-3_3#Sec29


3.7 Other Equipment and Devices {62} . . . . . . . . . . . . . . . . . . . 154
3.7.1 Input Devices {17} . . . . . . . . . . . . . . . . . . . . . . . . 154
3.7.2 Filters {14} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 157
3.7.3 Microscopes {11} . . . . . . . . . . . . . . . . . . . . . . . . . 160
3.7.4 RADAR {10} . . . . . . . . . . . . . . . . . . . . . . . . . . . . 163
3.7.5 Other Devices {10} . . . . . . . . . . . . . . . . . . . . . . . . 164

4 Image Acquisition Modes {381} . . . . . . . . . . . . . . . . . . . . . . . . . . . 167
4.1 Imaging and Acquisition {157} . . . . . . . . . . . . . . . . . . . . . . 167

4.1.1 Image Capture {20} . . . . . . . . . . . . . . . . . . . . . . . 167
4.1.2 Field of View {18} . . . . . . . . . . . . . . . . . . . . . . . . 170
4.1.3 Camera Models {16} . . . . . . . . . . . . . . . . . . . . . . . 173
4.1.4 Imaging Methods {18} . . . . . . . . . . . . . . . . . . . . . 176
4.1.5 Spectral Imaging {13} . . . . . . . . . . . . . . . . . . . . . . 179
4.1.6 Coordinate Systems {12} . . . . . . . . . . . . . . . . . . . . 182
4.1.7 Imaging Coordinate Systems {16} . . . . . . . . . . . . . 186
4.1.8 Focal Length and Depth {14} . . . . . . . . . . . . . . . . 188
4.1.9 Exposure {15} . . . . . . . . . . . . . . . . . . . . . . . . . . . 192
4.1.10 Holography and View {15} . . . . . . . . . . . . . . . . . . 195

4.2 Stereo Imaging {57} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 197
4.2.1 General Methods {13} . . . . . . . . . . . . . . . . . . . . . . 198
4.2.2 Binocular Stereo Imaging {12} . . . . . . . . . . . . . . . 199
4.2.3 Special Methods {17} . . . . . . . . . . . . . . . . . . . . . . 204
4.2.4 Structured Light {15} . . . . . . . . . . . . . . . . . . . . . . 208

4.3 Light Source and Lighting {81} . . . . . . . . . . . . . . . . . . . . . . 210
4.3.1 Light and Lamps {16} . . . . . . . . . . . . . . . . . . . . . . 210
4.3.2 Light Source {15} . . . . . . . . . . . . . . . . . . . . . . . . . 213
4.3.3 Lighting {19} . . . . . . . . . . . . . . . . . . . . . . . . . . . . 215
4.3.4 Illumination {17} . . . . . . . . . . . . . . . . . . . . . . . . . 217
4.3.5 Illumination Field {14} . . . . . . . . . . . . . . . . . . . . . 221

4.4 Perspective and Projection {62} . . . . . . . . . . . . . . . . . . . . . . 225
4.4.1 Perspective {14} . . . . . . . . . . . . . . . . . . . . . . . . . . 225
4.4.2 Perspective Projection {17} . . . . . . . . . . . . . . . . . . 227
4.4.3 Projective Imaging {18} . . . . . . . . . . . . . . . . . . . . 232
4.4.4 Various Projections {13} . . . . . . . . . . . . . . . . . . . . 234

4.5 Photography and Photogrammetry {24} . . . . . . . . . . . . . . . . 236
4.5.1 Photography {13} . . . . . . . . . . . . . . . . . . . . . . . . . 237
4.5.2 Photogrammetry {11} . . . . . . . . . . . . . . . . . . . . . . 239

5 Image Digitization {83} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 241
5.1 Sampling and Quantization {44} . . . . . . . . . . . . . . . . . . . . . 241

5.1.1 Sampling Theorem {21} . . . . . . . . . . . . . . . . . . . . 241
5.1.2 Sampling Techniques {17} . . . . . . . . . . . . . . . . . . 244
5.1.3 Quantization {6} . . . . . . . . . . . . . . . . . . . . . . . . . . 248

Contents xi

https://doi.org/10.1007/978-981-15-5873-3_3#Sec30
https://doi.org/10.1007/978-981-15-5873-3_3#Sec30
https://doi.org/10.1007/978-981-15-5873-3_3#Sec30
https://doi.org/10.1007/978-981-15-5873-3_3#Sec30
https://doi.org/10.1007/978-981-15-5873-3_3#Sec31
https://doi.org/10.1007/978-981-15-5873-3_3#Sec31
https://doi.org/10.1007/978-981-15-5873-3_3#Sec31
https://doi.org/10.1007/978-981-15-5873-3_3#Sec31
https://doi.org/10.1007/978-981-15-5873-3_3#Sec32
https://doi.org/10.1007/978-981-15-5873-3_3#Sec32
https://doi.org/10.1007/978-981-15-5873-3_3#Sec32
https://doi.org/10.1007/978-981-15-5873-3_3#Sec32
https://doi.org/10.1007/978-981-15-5873-3_3#Sec33
https://doi.org/10.1007/978-981-15-5873-3_3#Sec33
https://doi.org/10.1007/978-981-15-5873-3_3#Sec33
https://doi.org/10.1007/978-981-15-5873-3_3#Sec33
https://doi.org/10.1007/978-981-15-5873-3_3#Sec34
https://doi.org/10.1007/978-981-15-5873-3_3#Sec34
https://doi.org/10.1007/978-981-15-5873-3_3#Sec34
https://doi.org/10.1007/978-981-15-5873-3_3#Sec34
https://doi.org/10.1007/978-981-15-5873-3_3#Sec35
https://doi.org/10.1007/978-981-15-5873-3_3#Sec35
https://doi.org/10.1007/978-981-15-5873-3_3#Sec35
https://doi.org/10.1007/978-981-15-5873-3_3#Sec35
https://doi.org/10.1007/978-981-15-5873-3_4
https://doi.org/10.1007/978-981-15-5873-3_4
https://doi.org/10.1007/978-981-15-5873-3_4
https://doi.org/10.1007/978-981-15-5873-3_4
https://doi.org/10.1007/978-981-15-5873-3_4#Sec1
https://doi.org/10.1007/978-981-15-5873-3_4#Sec1
https://doi.org/10.1007/978-981-15-5873-3_4#Sec1
https://doi.org/10.1007/978-981-15-5873-3_4#Sec1
https://doi.org/10.1007/978-981-15-5873-3_4#Sec2
https://doi.org/10.1007/978-981-15-5873-3_4#Sec2
https://doi.org/10.1007/978-981-15-5873-3_4#Sec2
https://doi.org/10.1007/978-981-15-5873-3_4#Sec2
https://doi.org/10.1007/978-981-15-5873-3_4#Sec3
https://doi.org/10.1007/978-981-15-5873-3_4#Sec3
https://doi.org/10.1007/978-981-15-5873-3_4#Sec3
https://doi.org/10.1007/978-981-15-5873-3_4#Sec3
https://doi.org/10.1007/978-981-15-5873-3_4#Sec4
https://doi.org/10.1007/978-981-15-5873-3_4#Sec4
https://doi.org/10.1007/978-981-15-5873-3_4#Sec4
https://doi.org/10.1007/978-981-15-5873-3_4#Sec4
https://doi.org/10.1007/978-981-15-5873-3_4#Sec5
https://doi.org/10.1007/978-981-15-5873-3_4#Sec5
https://doi.org/10.1007/978-981-15-5873-3_4#Sec5
https://doi.org/10.1007/978-981-15-5873-3_4#Sec5
https://doi.org/10.1007/978-981-15-5873-3_4#Sec6
https://doi.org/10.1007/978-981-15-5873-3_4#Sec6
https://doi.org/10.1007/978-981-15-5873-3_4#Sec6
https://doi.org/10.1007/978-981-15-5873-3_4#Sec6
https://doi.org/10.1007/978-981-15-5873-3_4#Sec7
https://doi.org/10.1007/978-981-15-5873-3_4#Sec7
https://doi.org/10.1007/978-981-15-5873-3_4#Sec7
https://doi.org/10.1007/978-981-15-5873-3_4#Sec7
https://doi.org/10.1007/978-981-15-5873-3_4#Sec8
https://doi.org/10.1007/978-981-15-5873-3_4#Sec8
https://doi.org/10.1007/978-981-15-5873-3_4#Sec8
https://doi.org/10.1007/978-981-15-5873-3_4#Sec8
https://doi.org/10.1007/978-981-15-5873-3_4#Sec9
https://doi.org/10.1007/978-981-15-5873-3_4#Sec9
https://doi.org/10.1007/978-981-15-5873-3_4#Sec9
https://doi.org/10.1007/978-981-15-5873-3_4#Sec9
https://doi.org/10.1007/978-981-15-5873-3_4#Sec10
https://doi.org/10.1007/978-981-15-5873-3_4#Sec10
https://doi.org/10.1007/978-981-15-5873-3_4#Sec10
https://doi.org/10.1007/978-981-15-5873-3_4#Sec10
https://doi.org/10.1007/978-981-15-5873-3_4#Sec11
https://doi.org/10.1007/978-981-15-5873-3_4#Sec11
https://doi.org/10.1007/978-981-15-5873-3_4#Sec11
https://doi.org/10.1007/978-981-15-5873-3_4#Sec11
https://doi.org/10.1007/978-981-15-5873-3_4#Sec12
https://doi.org/10.1007/978-981-15-5873-3_4#Sec12
https://doi.org/10.1007/978-981-15-5873-3_4#Sec12
https://doi.org/10.1007/978-981-15-5873-3_4#Sec12
https://doi.org/10.1007/978-981-15-5873-3_4#Sec13
https://doi.org/10.1007/978-981-15-5873-3_4#Sec13
https://doi.org/10.1007/978-981-15-5873-3_4#Sec13
https://doi.org/10.1007/978-981-15-5873-3_4#Sec13
https://doi.org/10.1007/978-981-15-5873-3_4#Sec14
https://doi.org/10.1007/978-981-15-5873-3_4#Sec14
https://doi.org/10.1007/978-981-15-5873-3_4#Sec14
https://doi.org/10.1007/978-981-15-5873-3_4#Sec14
https://doi.org/10.1007/978-981-15-5873-3_4#Sec15
https://doi.org/10.1007/978-981-15-5873-3_4#Sec15
https://doi.org/10.1007/978-981-15-5873-3_4#Sec15
https://doi.org/10.1007/978-981-15-5873-3_4#Sec15
https://doi.org/10.1007/978-981-15-5873-3_4#Sec16
https://doi.org/10.1007/978-981-15-5873-3_4#Sec16
https://doi.org/10.1007/978-981-15-5873-3_4#Sec16
https://doi.org/10.1007/978-981-15-5873-3_4#Sec16
https://doi.org/10.1007/978-981-15-5873-3_4#Sec17
https://doi.org/10.1007/978-981-15-5873-3_4#Sec17
https://doi.org/10.1007/978-981-15-5873-3_4#Sec17
https://doi.org/10.1007/978-981-15-5873-3_4#Sec17
https://doi.org/10.1007/978-981-15-5873-3_4#Sec18
https://doi.org/10.1007/978-981-15-5873-3_4#Sec18
https://doi.org/10.1007/978-981-15-5873-3_4#Sec18
https://doi.org/10.1007/978-981-15-5873-3_4#Sec18
https://doi.org/10.1007/978-981-15-5873-3_4#Sec19
https://doi.org/10.1007/978-981-15-5873-3_4#Sec19
https://doi.org/10.1007/978-981-15-5873-3_4#Sec19
https://doi.org/10.1007/978-981-15-5873-3_4#Sec19
https://doi.org/10.1007/978-981-15-5873-3_4#Sec20
https://doi.org/10.1007/978-981-15-5873-3_4#Sec20
https://doi.org/10.1007/978-981-15-5873-3_4#Sec20
https://doi.org/10.1007/978-981-15-5873-3_4#Sec20
https://doi.org/10.1007/978-981-15-5873-3_4#Sec21
https://doi.org/10.1007/978-981-15-5873-3_4#Sec21
https://doi.org/10.1007/978-981-15-5873-3_4#Sec21
https://doi.org/10.1007/978-981-15-5873-3_4#Sec21
https://doi.org/10.1007/978-981-15-5873-3_4#Sec22
https://doi.org/10.1007/978-981-15-5873-3_4#Sec22
https://doi.org/10.1007/978-981-15-5873-3_4#Sec22
https://doi.org/10.1007/978-981-15-5873-3_4#Sec22
https://doi.org/10.1007/978-981-15-5873-3_4#Sec23
https://doi.org/10.1007/978-981-15-5873-3_4#Sec23
https://doi.org/10.1007/978-981-15-5873-3_4#Sec23
https://doi.org/10.1007/978-981-15-5873-3_4#Sec23
https://doi.org/10.1007/978-981-15-5873-3_4#Sec24
https://doi.org/10.1007/978-981-15-5873-3_4#Sec24
https://doi.org/10.1007/978-981-15-5873-3_4#Sec24
https://doi.org/10.1007/978-981-15-5873-3_4#Sec24
https://doi.org/10.1007/978-981-15-5873-3_4#Sec25
https://doi.org/10.1007/978-981-15-5873-3_4#Sec25
https://doi.org/10.1007/978-981-15-5873-3_4#Sec25
https://doi.org/10.1007/978-981-15-5873-3_4#Sec25
https://doi.org/10.1007/978-981-15-5873-3_4#Sec26
https://doi.org/10.1007/978-981-15-5873-3_4#Sec26
https://doi.org/10.1007/978-981-15-5873-3_4#Sec26
https://doi.org/10.1007/978-981-15-5873-3_4#Sec26
https://doi.org/10.1007/978-981-15-5873-3_4#Sec27
https://doi.org/10.1007/978-981-15-5873-3_4#Sec27
https://doi.org/10.1007/978-981-15-5873-3_4#Sec27
https://doi.org/10.1007/978-981-15-5873-3_4#Sec27
https://doi.org/10.1007/978-981-15-5873-3_4#Sec28
https://doi.org/10.1007/978-981-15-5873-3_4#Sec28
https://doi.org/10.1007/978-981-15-5873-3_4#Sec28
https://doi.org/10.1007/978-981-15-5873-3_4#Sec28
https://doi.org/10.1007/978-981-15-5873-3_4#Sec29
https://doi.org/10.1007/978-981-15-5873-3_4#Sec29
https://doi.org/10.1007/978-981-15-5873-3_4#Sec29
https://doi.org/10.1007/978-981-15-5873-3_4#Sec29
https://doi.org/10.1007/978-981-15-5873-3_4#Sec30
https://doi.org/10.1007/978-981-15-5873-3_4#Sec30
https://doi.org/10.1007/978-981-15-5873-3_4#Sec30
https://doi.org/10.1007/978-981-15-5873-3_4#Sec30
https://doi.org/10.1007/978-981-15-5873-3_5
https://doi.org/10.1007/978-981-15-5873-3_5
https://doi.org/10.1007/978-981-15-5873-3_5
https://doi.org/10.1007/978-981-15-5873-3_5
https://doi.org/10.1007/978-981-15-5873-3_5#Sec1
https://doi.org/10.1007/978-981-15-5873-3_5#Sec1
https://doi.org/10.1007/978-981-15-5873-3_5#Sec1
https://doi.org/10.1007/978-981-15-5873-3_5#Sec1
https://doi.org/10.1007/978-981-15-5873-3_5#Sec2
https://doi.org/10.1007/978-981-15-5873-3_5#Sec2
https://doi.org/10.1007/978-981-15-5873-3_5#Sec2
https://doi.org/10.1007/978-981-15-5873-3_5#Sec2
https://doi.org/10.1007/978-981-15-5873-3_5#Sec3
https://doi.org/10.1007/978-981-15-5873-3_5#Sec3
https://doi.org/10.1007/978-981-15-5873-3_5#Sec3
https://doi.org/10.1007/978-981-15-5873-3_5#Sec3
https://doi.org/10.1007/978-981-15-5873-3_5#Sec4
https://doi.org/10.1007/978-981-15-5873-3_5#Sec4
https://doi.org/10.1007/978-981-15-5873-3_5#Sec4
https://doi.org/10.1007/978-981-15-5873-3_5#Sec4


5.2 Digitization Scheme {39} . . . . . . . . . . . . . . . . . . . . . . . . . . . 249
5.2.1 Digitization {20} . . . . . . . . . . . . . . . . . . . . . . . . . 249
5.2.2 Digitizing Grid {19} . . . . . . . . . . . . . . . . . . . . . . . 252

6 Image Display and Printing {71} . . . . . . . . . . . . . . . . . . . . . . . . . . 257
6.1 Display {35} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 257

6.1.1 Image Display {16} . . . . . . . . . . . . . . . . . . . . . . . 257
6.1.2 Display Devices {19} . . . . . . . . . . . . . . . . . . . . . . 260

6.2 Printing {36} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 262
6.2.1 Printing Devices {10} . . . . . . . . . . . . . . . . . . . . . . 262
6.2.2 Printing Techniques {12} . . . . . . . . . . . . . . . . . . . 263
6.2.3 Halftoning Techniques {14} . . . . . . . . . . . . . . . . . 265

7 Image Storage and Communication {50} . . . . . . . . . . . . . . . . . . . . 269
7.1 Storage and Communication {22} . . . . . . . . . . . . . . . . . . . . . 269

7.1.1 Image Storage {12} . . . . . . . . . . . . . . . . . . . . . . . . 269
7.1.2 Image Communication {10} . . . . . . . . . . . . . . . . . 271

7.2 Image File Format {28} . . . . . . . . . . . . . . . . . . . . . . . . . . . . 272
7.2.1 Bitmap Images {14} . . . . . . . . . . . . . . . . . . . . . . . 272
7.2.2 Various Formats {14} . . . . . . . . . . . . . . . . . . . . . . 274

8 Related Knowledge {370} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 277
8.1 Basic Mathematics {169} . . . . . . . . . . . . . . . . . . . . . . . . . . . 277

8.1.1 Analytic and Differential Geometry {13} . . . . . . . . 277
8.1.2 Functions {18} . . . . . . . . . . . . . . . . . . . . . . . . . . . 279
8.1.3 Matrix Decomposition {16} . . . . . . . . . . . . . . . . . . 282
8.1.4 Set Theory {14} . . . . . . . . . . . . . . . . . . . . . . . . . . 286
8.1.5 Least Squares {16} . . . . . . . . . . . . . . . . . . . . . . . . 288
8.1.6 Regression {19} . . . . . . . . . . . . . . . . . . . . . . . . . . 290
8.1.7 Linear Operations {15} . . . . . . . . . . . . . . . . . . . . . 295
8.1.8 Complex Plane and Half-Space {19} . . . . . . . . . . . 297
8.1.9 Norms and Variations {20} . . . . . . . . . . . . . . . . . . 300
8.1.10 Miscellaneous {19} . . . . . . . . . . . . . . . . . . . . . . . . 302

8.2 Statistics and Probability {118} . . . . . . . . . . . . . . . . . . . . . . 305
8.2.1 Statistics {18} . . . . . . . . . . . . . . . . . . . . . . . . . . . . 305
8.2.2 Probability {17} . . . . . . . . . . . . . . . . . . . . . . . . . . 308
8.2.3 Probability Density {19} . . . . . . . . . . . . . . . . . . . . 314
8.2.4 Probability Distributions {18} . . . . . . . . . . . . . . . . 318
8.2.5 Distribution Functions {14} . . . . . . . . . . . . . . . . . . 321
8.2.6 Gaussian Distribution {17} . . . . . . . . . . . . . . . . . . 324
8.2.7 More Distributions {15} . . . . . . . . . . . . . . . . . . . . 329

8.3 Signal Processing {50} . . . . . . . . . . . . . . . . . . . . . . . . . . . . 334
8.3.1 Basic Concepts {16} . . . . . . . . . . . . . . . . . . . . . . . 334
8.3.2 Signal Responses {18} . . . . . . . . . . . . . . . . . . . . . 336
8.3.3 Convolution and Frequency {16} . . . . . . . . . . . . . . 340

8.4 Tools and Means {33} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 343
8.4.1 Hardware {10} . . . . . . . . . . . . . . . . . . . . . . . . . . . 343

xii Contents

https://doi.org/10.1007/978-981-15-5873-3_5#Sec5
https://doi.org/10.1007/978-981-15-5873-3_5#Sec5
https://doi.org/10.1007/978-981-15-5873-3_5#Sec5
https://doi.org/10.1007/978-981-15-5873-3_5#Sec5
https://doi.org/10.1007/978-981-15-5873-3_5#Sec6
https://doi.org/10.1007/978-981-15-5873-3_5#Sec6
https://doi.org/10.1007/978-981-15-5873-3_5#Sec6
https://doi.org/10.1007/978-981-15-5873-3_5#Sec6
https://doi.org/10.1007/978-981-15-5873-3_5#Sec7
https://doi.org/10.1007/978-981-15-5873-3_5#Sec7
https://doi.org/10.1007/978-981-15-5873-3_5#Sec7
https://doi.org/10.1007/978-981-15-5873-3_5#Sec7
https://doi.org/10.1007/978-981-15-5873-3_6
https://doi.org/10.1007/978-981-15-5873-3_6
https://doi.org/10.1007/978-981-15-5873-3_6
https://doi.org/10.1007/978-981-15-5873-3_6
https://doi.org/10.1007/978-981-15-5873-3_6#Sec1
https://doi.org/10.1007/978-981-15-5873-3_6#Sec1
https://doi.org/10.1007/978-981-15-5873-3_6#Sec1
https://doi.org/10.1007/978-981-15-5873-3_6#Sec1
https://doi.org/10.1007/978-981-15-5873-3_6#Sec2
https://doi.org/10.1007/978-981-15-5873-3_6#Sec2
https://doi.org/10.1007/978-981-15-5873-3_6#Sec2
https://doi.org/10.1007/978-981-15-5873-3_6#Sec2
https://doi.org/10.1007/978-981-15-5873-3_6#Sec3
https://doi.org/10.1007/978-981-15-5873-3_6#Sec3
https://doi.org/10.1007/978-981-15-5873-3_6#Sec3
https://doi.org/10.1007/978-981-15-5873-3_6#Sec3
https://doi.org/10.1007/978-981-15-5873-3_6#Sec4
https://doi.org/10.1007/978-981-15-5873-3_6#Sec4
https://doi.org/10.1007/978-981-15-5873-3_6#Sec4
https://doi.org/10.1007/978-981-15-5873-3_6#Sec4
https://doi.org/10.1007/978-981-15-5873-3_6#Sec5
https://doi.org/10.1007/978-981-15-5873-3_6#Sec5
https://doi.org/10.1007/978-981-15-5873-3_6#Sec5
https://doi.org/10.1007/978-981-15-5873-3_6#Sec5
https://doi.org/10.1007/978-981-15-5873-3_6#Sec6
https://doi.org/10.1007/978-981-15-5873-3_6#Sec6
https://doi.org/10.1007/978-981-15-5873-3_6#Sec6
https://doi.org/10.1007/978-981-15-5873-3_6#Sec6
https://doi.org/10.1007/978-981-15-5873-3_6#Sec7
https://doi.org/10.1007/978-981-15-5873-3_6#Sec7
https://doi.org/10.1007/978-981-15-5873-3_6#Sec7
https://doi.org/10.1007/978-981-15-5873-3_6#Sec7
https://doi.org/10.1007/978-981-15-5873-3_7
https://doi.org/10.1007/978-981-15-5873-3_7
https://doi.org/10.1007/978-981-15-5873-3_7
https://doi.org/10.1007/978-981-15-5873-3_7
https://doi.org/10.1007/978-981-15-5873-3_7#Sec1
https://doi.org/10.1007/978-981-15-5873-3_7#Sec1
https://doi.org/10.1007/978-981-15-5873-3_7#Sec1
https://doi.org/10.1007/978-981-15-5873-3_7#Sec1
https://doi.org/10.1007/978-981-15-5873-3_7#Sec2
https://doi.org/10.1007/978-981-15-5873-3_7#Sec2
https://doi.org/10.1007/978-981-15-5873-3_7#Sec2
https://doi.org/10.1007/978-981-15-5873-3_7#Sec2
https://doi.org/10.1007/978-981-15-5873-3_7#Sec3
https://doi.org/10.1007/978-981-15-5873-3_7#Sec3
https://doi.org/10.1007/978-981-15-5873-3_7#Sec3
https://doi.org/10.1007/978-981-15-5873-3_7#Sec3
https://doi.org/10.1007/978-981-15-5873-3_7#Sec4
https://doi.org/10.1007/978-981-15-5873-3_7#Sec4
https://doi.org/10.1007/978-981-15-5873-3_7#Sec4
https://doi.org/10.1007/978-981-15-5873-3_7#Sec4
https://doi.org/10.1007/978-981-15-5873-3_7#Sec5
https://doi.org/10.1007/978-981-15-5873-3_7#Sec5
https://doi.org/10.1007/978-981-15-5873-3_7#Sec5
https://doi.org/10.1007/978-981-15-5873-3_7#Sec5
https://doi.org/10.1007/978-981-15-5873-3_7#Sec6
https://doi.org/10.1007/978-981-15-5873-3_7#Sec6
https://doi.org/10.1007/978-981-15-5873-3_7#Sec6
https://doi.org/10.1007/978-981-15-5873-3_7#Sec6
https://doi.org/10.1007/978-981-15-5873-3_8
https://doi.org/10.1007/978-981-15-5873-3_8
https://doi.org/10.1007/978-981-15-5873-3_8
https://doi.org/10.1007/978-981-15-5873-3_8
https://doi.org/10.1007/978-981-15-5873-3_8#Sec1
https://doi.org/10.1007/978-981-15-5873-3_8#Sec1
https://doi.org/10.1007/978-981-15-5873-3_8#Sec1
https://doi.org/10.1007/978-981-15-5873-3_8#Sec1
https://doi.org/10.1007/978-981-15-5873-3_8#Sec2
https://doi.org/10.1007/978-981-15-5873-3_8#Sec2
https://doi.org/10.1007/978-981-15-5873-3_8#Sec2
https://doi.org/10.1007/978-981-15-5873-3_8#Sec2
https://doi.org/10.1007/978-981-15-5873-3_8#Sec3
https://doi.org/10.1007/978-981-15-5873-3_8#Sec3
https://doi.org/10.1007/978-981-15-5873-3_8#Sec3
https://doi.org/10.1007/978-981-15-5873-3_8#Sec3
https://doi.org/10.1007/978-981-15-5873-3_8#Sec4
https://doi.org/10.1007/978-981-15-5873-3_8#Sec4
https://doi.org/10.1007/978-981-15-5873-3_8#Sec4
https://doi.org/10.1007/978-981-15-5873-3_8#Sec4
https://doi.org/10.1007/978-981-15-5873-3_8#Sec5
https://doi.org/10.1007/978-981-15-5873-3_8#Sec5
https://doi.org/10.1007/978-981-15-5873-3_8#Sec5
https://doi.org/10.1007/978-981-15-5873-3_8#Sec5
https://doi.org/10.1007/978-981-15-5873-3_8#Sec6
https://doi.org/10.1007/978-981-15-5873-3_8#Sec6
https://doi.org/10.1007/978-981-15-5873-3_8#Sec6
https://doi.org/10.1007/978-981-15-5873-3_8#Sec6
https://doi.org/10.1007/978-981-15-5873-3_8#Sec7
https://doi.org/10.1007/978-981-15-5873-3_8#Sec7
https://doi.org/10.1007/978-981-15-5873-3_8#Sec7
https://doi.org/10.1007/978-981-15-5873-3_8#Sec7
https://doi.org/10.1007/978-981-15-5873-3_8#Sec8
https://doi.org/10.1007/978-981-15-5873-3_8#Sec8
https://doi.org/10.1007/978-981-15-5873-3_8#Sec8
https://doi.org/10.1007/978-981-15-5873-3_8#Sec8
https://doi.org/10.1007/978-981-15-5873-3_8#Sec9
https://doi.org/10.1007/978-981-15-5873-3_8#Sec9
https://doi.org/10.1007/978-981-15-5873-3_8#Sec9
https://doi.org/10.1007/978-981-15-5873-3_8#Sec9
https://doi.org/10.1007/978-981-15-5873-3_8#Sec10
https://doi.org/10.1007/978-981-15-5873-3_8#Sec10
https://doi.org/10.1007/978-981-15-5873-3_8#Sec10
https://doi.org/10.1007/978-981-15-5873-3_8#Sec10
https://doi.org/10.1007/978-981-15-5873-3_8#Sec11
https://doi.org/10.1007/978-981-15-5873-3_8#Sec11
https://doi.org/10.1007/978-981-15-5873-3_8#Sec11
https://doi.org/10.1007/978-981-15-5873-3_8#Sec11
https://doi.org/10.1007/978-981-15-5873-3_8#Sec12
https://doi.org/10.1007/978-981-15-5873-3_8#Sec12
https://doi.org/10.1007/978-981-15-5873-3_8#Sec12
https://doi.org/10.1007/978-981-15-5873-3_8#Sec12
https://doi.org/10.1007/978-981-15-5873-3_8#Sec13
https://doi.org/10.1007/978-981-15-5873-3_8#Sec13
https://doi.org/10.1007/978-981-15-5873-3_8#Sec13
https://doi.org/10.1007/978-981-15-5873-3_8#Sec13
https://doi.org/10.1007/978-981-15-5873-3_8#Sec14
https://doi.org/10.1007/978-981-15-5873-3_8#Sec14
https://doi.org/10.1007/978-981-15-5873-3_8#Sec14
https://doi.org/10.1007/978-981-15-5873-3_8#Sec14
https://doi.org/10.1007/978-981-15-5873-3_8#Sec15
https://doi.org/10.1007/978-981-15-5873-3_8#Sec15
https://doi.org/10.1007/978-981-15-5873-3_8#Sec15
https://doi.org/10.1007/978-981-15-5873-3_8#Sec15
https://doi.org/10.1007/978-981-15-5873-3_8#Sec16
https://doi.org/10.1007/978-981-15-5873-3_8#Sec16
https://doi.org/10.1007/978-981-15-5873-3_8#Sec16
https://doi.org/10.1007/978-981-15-5873-3_8#Sec16
https://doi.org/10.1007/978-981-15-5873-3_8#Sec17
https://doi.org/10.1007/978-981-15-5873-3_8#Sec17
https://doi.org/10.1007/978-981-15-5873-3_8#Sec17
https://doi.org/10.1007/978-981-15-5873-3_8#Sec17
https://doi.org/10.1007/978-981-15-5873-3_8#Sec18
https://doi.org/10.1007/978-981-15-5873-3_8#Sec18
https://doi.org/10.1007/978-981-15-5873-3_8#Sec18
https://doi.org/10.1007/978-981-15-5873-3_8#Sec18
https://doi.org/10.1007/978-981-15-5873-3_8#Sec19
https://doi.org/10.1007/978-981-15-5873-3_8#Sec19
https://doi.org/10.1007/978-981-15-5873-3_8#Sec19
https://doi.org/10.1007/978-981-15-5873-3_8#Sec19
https://doi.org/10.1007/978-981-15-5873-3_8#Sec20
https://doi.org/10.1007/978-981-15-5873-3_8#Sec20
https://doi.org/10.1007/978-981-15-5873-3_8#Sec20
https://doi.org/10.1007/978-981-15-5873-3_8#Sec20
https://doi.org/10.1007/978-981-15-5873-3_8#Sec21
https://doi.org/10.1007/978-981-15-5873-3_8#Sec21
https://doi.org/10.1007/978-981-15-5873-3_8#Sec21
https://doi.org/10.1007/978-981-15-5873-3_8#Sec21
https://doi.org/10.1007/978-981-15-5873-3_8#Sec22
https://doi.org/10.1007/978-981-15-5873-3_8#Sec22
https://doi.org/10.1007/978-981-15-5873-3_8#Sec22
https://doi.org/10.1007/978-981-15-5873-3_8#Sec22
https://doi.org/10.1007/978-981-15-5873-3_8#Sec23
https://doi.org/10.1007/978-981-15-5873-3_8#Sec23
https://doi.org/10.1007/978-981-15-5873-3_8#Sec23
https://doi.org/10.1007/978-981-15-5873-3_8#Sec23
https://doi.org/10.1007/978-981-15-5873-3_8#Sec24
https://doi.org/10.1007/978-981-15-5873-3_8#Sec24
https://doi.org/10.1007/978-981-15-5873-3_8#Sec24
https://doi.org/10.1007/978-981-15-5873-3_8#Sec24
https://doi.org/10.1007/978-981-15-5873-3_8#Sec25
https://doi.org/10.1007/978-981-15-5873-3_8#Sec25
https://doi.org/10.1007/978-981-15-5873-3_8#Sec25
https://doi.org/10.1007/978-981-15-5873-3_8#Sec25


8.4.2 Software {11} . . . . . . . . . . . . . . . . . . . . . . . . . . . . 346
8.4.3 Diverse Terms {12} . . . . . . . . . . . . . . . . . . . . . . . 347

Part II Image Processing

9 Pixel Spatial Relationship {175} . . . . . . . . . . . . . . . . . . . . . . . . . . . 353
9.1 Adjacency and Neighborhood {49} . . . . . . . . . . . . . . . . . . . . 353

9.1.1 Spatial Relationship Between Pixels {12} . . . . . . . . 353
9.1.2 Neighborhood {19} . . . . . . . . . . . . . . . . . . . . . . . . 356
9.1.3 Adjacency {18} . . . . . . . . . . . . . . . . . . . . . . . . . . 361

9.2 Connectivity and Connected {42} . . . . . . . . . . . . . . . . . . . . . 363
9.2.1 Pixel Connectivity {13} . . . . . . . . . . . . . . . . . . . . . 363
9.2.2 Pixel-Connected {20} . . . . . . . . . . . . . . . . . . . . . . 364
9.2.3 Path {9} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 366

9.3 Connected Components and Regions {29} . . . . . . . . . . . . . . 368
9.3.1 Image Connectedness {18} . . . . . . . . . . . . . . . . . . 368
9.3.2 Connected Region in Image {11} . . . . . . . . . . . . . . 369

9.4 Distance {55} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 371
9.4.1 Discrete Distance {20} . . . . . . . . . . . . . . . . . . . . . 371
9.4.2 Distance Metric {11} . . . . . . . . . . . . . . . . . . . . . . 375
9.4.3 Geodesic Distance {13} . . . . . . . . . . . . . . . . . . . . . 378
9.4.4 Distance Transform {11} . . . . . . . . . . . . . . . . . . . . 382

10 Image Transforms {231} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 385
10.1 Transformation and Characteristics {30} . . . . . . . . . . . . . . . . 385

10.1.1 Transform and Transformation {18} . . . . . . . . . . . . 385
10.1.2 Transform Properties {12} . . . . . . . . . . . . . . . . . . . 387

10.2 Walsh-Hadamard Transform {26} . . . . . . . . . . . . . . . . . . . . . 390
10.2.1 Walsh Transform {17} . . . . . . . . . . . . . . . . . . . . . 390
10.2.2 Hadamard Transform {9} . . . . . . . . . . . . . . . . . . . 393

10.3 Fourier Transform {66} . . . . . . . . . . . . . . . . . . . . . . . . . . . . 395
10.3.1 Variety of Fourier Transform {15} . . . . . . . . . . . . . 395
10.3.2 Frequency Domain {16} . . . . . . . . . . . . . . . . . . . . 399
10.3.3 Theorem and Property of Fourier

Transform {18} . . . . . . . . . . . . . . . . . . . . . . . . . . 402
10.3.4 Fourier Space {17} . . . . . . . . . . . . . . . . . . . . . . . . 409

10.4 Discrete Cosine Transform {8} . . . . . . . . . . . . . . . . . . . . . . . 412
10.5 Wavelet Transform {43} . . . . . . . . . . . . . . . . . . . . . . . . . . . 415

10.5.1 Wavelet Transform and Property {13} . . . . . . . . . . 415
10.5.2 Expansion and Decomposition {11} . . . . . . . . . . . . 418
10.5.3 Various Wavelets {19} . . . . . . . . . . . . . . . . . . . . . 421

10.6 Karhunen-Loève Transform {40} . . . . . . . . . . . . . . . . . . . . . 425
10.6.1 Hotelling Transform {20} . . . . . . . . . . . . . . . . . . . 426
10.6.2 Principal Component Analysis {20} . . . . . . . . . . . . 430

10.7 Other Transforms {18} . . . . . . . . . . . . . . . . . . . . . . . . . . . . 435

Contents xiii

https://doi.org/10.1007/978-981-15-5873-3_8#Sec26
https://doi.org/10.1007/978-981-15-5873-3_8#Sec26
https://doi.org/10.1007/978-981-15-5873-3_8#Sec26
https://doi.org/10.1007/978-981-15-5873-3_8#Sec26
https://doi.org/10.1007/978-981-15-5873-3_8#Sec27
https://doi.org/10.1007/978-981-15-5873-3_8#Sec27
https://doi.org/10.1007/978-981-15-5873-3_8#Sec27
https://doi.org/10.1007/978-981-15-5873-3_8#Sec27
https://doi.org/10.1007/978-981-15-5873-3_9
https://doi.org/10.1007/978-981-15-5873-3_9
https://doi.org/10.1007/978-981-15-5873-3_9
https://doi.org/10.1007/978-981-15-5873-3_9
https://doi.org/10.1007/978-981-15-5873-3_9#Sec1
https://doi.org/10.1007/978-981-15-5873-3_9#Sec1
https://doi.org/10.1007/978-981-15-5873-3_9#Sec1
https://doi.org/10.1007/978-981-15-5873-3_9#Sec1
https://doi.org/10.1007/978-981-15-5873-3_9#Sec2
https://doi.org/10.1007/978-981-15-5873-3_9#Sec2
https://doi.org/10.1007/978-981-15-5873-3_9#Sec2
https://doi.org/10.1007/978-981-15-5873-3_9#Sec2
https://doi.org/10.1007/978-981-15-5873-3_9#Sec3
https://doi.org/10.1007/978-981-15-5873-3_9#Sec3
https://doi.org/10.1007/978-981-15-5873-3_9#Sec3
https://doi.org/10.1007/978-981-15-5873-3_9#Sec3
https://doi.org/10.1007/978-981-15-5873-3_9#Sec4
https://doi.org/10.1007/978-981-15-5873-3_9#Sec4
https://doi.org/10.1007/978-981-15-5873-3_9#Sec4
https://doi.org/10.1007/978-981-15-5873-3_9#Sec4
https://doi.org/10.1007/978-981-15-5873-3_9#Sec5
https://doi.org/10.1007/978-981-15-5873-3_9#Sec5
https://doi.org/10.1007/978-981-15-5873-3_9#Sec5
https://doi.org/10.1007/978-981-15-5873-3_9#Sec5
https://doi.org/10.1007/978-981-15-5873-3_9#Sec6
https://doi.org/10.1007/978-981-15-5873-3_9#Sec6
https://doi.org/10.1007/978-981-15-5873-3_9#Sec6
https://doi.org/10.1007/978-981-15-5873-3_9#Sec6
https://doi.org/10.1007/978-981-15-5873-3_9#Sec7
https://doi.org/10.1007/978-981-15-5873-3_9#Sec7
https://doi.org/10.1007/978-981-15-5873-3_9#Sec7
https://doi.org/10.1007/978-981-15-5873-3_9#Sec7
https://doi.org/10.1007/978-981-15-5873-3_9#Sec8
https://doi.org/10.1007/978-981-15-5873-3_9#Sec8
https://doi.org/10.1007/978-981-15-5873-3_9#Sec8
https://doi.org/10.1007/978-981-15-5873-3_9#Sec8
https://doi.org/10.1007/978-981-15-5873-3_9#Sec9
https://doi.org/10.1007/978-981-15-5873-3_9#Sec9
https://doi.org/10.1007/978-981-15-5873-3_9#Sec9
https://doi.org/10.1007/978-981-15-5873-3_9#Sec9
https://doi.org/10.1007/978-981-15-5873-3_9#Sec10
https://doi.org/10.1007/978-981-15-5873-3_9#Sec10
https://doi.org/10.1007/978-981-15-5873-3_9#Sec10
https://doi.org/10.1007/978-981-15-5873-3_9#Sec10
https://doi.org/10.1007/978-981-15-5873-3_9#Sec11
https://doi.org/10.1007/978-981-15-5873-3_9#Sec11
https://doi.org/10.1007/978-981-15-5873-3_9#Sec11
https://doi.org/10.1007/978-981-15-5873-3_9#Sec11
https://doi.org/10.1007/978-981-15-5873-3_9#Sec12
https://doi.org/10.1007/978-981-15-5873-3_9#Sec12
https://doi.org/10.1007/978-981-15-5873-3_9#Sec12
https://doi.org/10.1007/978-981-15-5873-3_9#Sec12
https://doi.org/10.1007/978-981-15-5873-3_9#Sec13
https://doi.org/10.1007/978-981-15-5873-3_9#Sec13
https://doi.org/10.1007/978-981-15-5873-3_9#Sec13
https://doi.org/10.1007/978-981-15-5873-3_9#Sec13
https://doi.org/10.1007/978-981-15-5873-3_9#Sec14
https://doi.org/10.1007/978-981-15-5873-3_9#Sec14
https://doi.org/10.1007/978-981-15-5873-3_9#Sec14
https://doi.org/10.1007/978-981-15-5873-3_9#Sec14
https://doi.org/10.1007/978-981-15-5873-3_9#Sec15
https://doi.org/10.1007/978-981-15-5873-3_9#Sec15
https://doi.org/10.1007/978-981-15-5873-3_9#Sec15
https://doi.org/10.1007/978-981-15-5873-3_9#Sec15
https://doi.org/10.1007/978-981-15-5873-3_9#Sec16
https://doi.org/10.1007/978-981-15-5873-3_9#Sec16
https://doi.org/10.1007/978-981-15-5873-3_9#Sec16
https://doi.org/10.1007/978-981-15-5873-3_9#Sec16
https://doi.org/10.1007/978-981-15-5873-3_10
https://doi.org/10.1007/978-981-15-5873-3_10
https://doi.org/10.1007/978-981-15-5873-3_10
https://doi.org/10.1007/978-981-15-5873-3_10
https://doi.org/10.1007/978-981-15-5873-3_10#Sec1
https://doi.org/10.1007/978-981-15-5873-3_10#Sec1
https://doi.org/10.1007/978-981-15-5873-3_10#Sec1
https://doi.org/10.1007/978-981-15-5873-3_10#Sec1
https://doi.org/10.1007/978-981-15-5873-3_10#Sec2
https://doi.org/10.1007/978-981-15-5873-3_10#Sec2
https://doi.org/10.1007/978-981-15-5873-3_10#Sec2
https://doi.org/10.1007/978-981-15-5873-3_10#Sec2
https://doi.org/10.1007/978-981-15-5873-3_10#Sec3
https://doi.org/10.1007/978-981-15-5873-3_10#Sec3
https://doi.org/10.1007/978-981-15-5873-3_10#Sec3
https://doi.org/10.1007/978-981-15-5873-3_10#Sec3
https://doi.org/10.1007/978-981-15-5873-3_10#Sec4
https://doi.org/10.1007/978-981-15-5873-3_10#Sec4
https://doi.org/10.1007/978-981-15-5873-3_10#Sec4
https://doi.org/10.1007/978-981-15-5873-3_10#Sec4
https://doi.org/10.1007/978-981-15-5873-3_10#Sec5
https://doi.org/10.1007/978-981-15-5873-3_10#Sec5
https://doi.org/10.1007/978-981-15-5873-3_10#Sec5
https://doi.org/10.1007/978-981-15-5873-3_10#Sec5
https://doi.org/10.1007/978-981-15-5873-3_10#Sec6
https://doi.org/10.1007/978-981-15-5873-3_10#Sec6
https://doi.org/10.1007/978-981-15-5873-3_10#Sec6
https://doi.org/10.1007/978-981-15-5873-3_10#Sec6
https://doi.org/10.1007/978-981-15-5873-3_10#Sec7
https://doi.org/10.1007/978-981-15-5873-3_10#Sec7
https://doi.org/10.1007/978-981-15-5873-3_10#Sec7
https://doi.org/10.1007/978-981-15-5873-3_10#Sec7
https://doi.org/10.1007/978-981-15-5873-3_10#Sec8
https://doi.org/10.1007/978-981-15-5873-3_10#Sec8
https://doi.org/10.1007/978-981-15-5873-3_10#Sec8
https://doi.org/10.1007/978-981-15-5873-3_10#Sec8
https://doi.org/10.1007/978-981-15-5873-3_10#Sec9
https://doi.org/10.1007/978-981-15-5873-3_10#Sec9
https://doi.org/10.1007/978-981-15-5873-3_10#Sec9
https://doi.org/10.1007/978-981-15-5873-3_10#Sec9
https://doi.org/10.1007/978-981-15-5873-3_10#Sec10
https://doi.org/10.1007/978-981-15-5873-3_10#Sec10
https://doi.org/10.1007/978-981-15-5873-3_10#Sec10
https://doi.org/10.1007/978-981-15-5873-3_10#Sec10
https://doi.org/10.1007/978-981-15-5873-3_10#Sec10
https://doi.org/10.1007/978-981-15-5873-3_10#Sec11
https://doi.org/10.1007/978-981-15-5873-3_10#Sec11
https://doi.org/10.1007/978-981-15-5873-3_10#Sec11
https://doi.org/10.1007/978-981-15-5873-3_10#Sec11
https://doi.org/10.1007/978-981-15-5873-3_10#Sec12
https://doi.org/10.1007/978-981-15-5873-3_10#Sec12
https://doi.org/10.1007/978-981-15-5873-3_10#Sec12
https://doi.org/10.1007/978-981-15-5873-3_10#Sec12
https://doi.org/10.1007/978-981-15-5873-3_10#Sec13
https://doi.org/10.1007/978-981-15-5873-3_10#Sec13
https://doi.org/10.1007/978-981-15-5873-3_10#Sec13
https://doi.org/10.1007/978-981-15-5873-3_10#Sec13
https://doi.org/10.1007/978-981-15-5873-3_10#Sec14
https://doi.org/10.1007/978-981-15-5873-3_10#Sec14
https://doi.org/10.1007/978-981-15-5873-3_10#Sec14
https://doi.org/10.1007/978-981-15-5873-3_10#Sec14
https://doi.org/10.1007/978-981-15-5873-3_10#Sec15
https://doi.org/10.1007/978-981-15-5873-3_10#Sec15
https://doi.org/10.1007/978-981-15-5873-3_10#Sec15
https://doi.org/10.1007/978-981-15-5873-3_10#Sec15
https://doi.org/10.1007/978-981-15-5873-3_10#Sec16
https://doi.org/10.1007/978-981-15-5873-3_10#Sec16
https://doi.org/10.1007/978-981-15-5873-3_10#Sec16
https://doi.org/10.1007/978-981-15-5873-3_10#Sec16
https://doi.org/10.1007/978-981-15-5873-3_10#Sec17
https://doi.org/10.1007/978-981-15-5873-3_10#Sec17
https://doi.org/10.1007/978-981-15-5873-3_10#Sec17
https://doi.org/10.1007/978-981-15-5873-3_10#Sec17
https://doi.org/10.1007/978-981-15-5873-3_10#Sec18
https://doi.org/10.1007/978-981-15-5873-3_10#Sec18
https://doi.org/10.1007/978-981-15-5873-3_10#Sec18
https://doi.org/10.1007/978-981-15-5873-3_10#Sec18
https://doi.org/10.1007/978-981-15-5873-3_10#Sec19
https://doi.org/10.1007/978-981-15-5873-3_10#Sec19
https://doi.org/10.1007/978-981-15-5873-3_10#Sec19
https://doi.org/10.1007/978-981-15-5873-3_10#Sec19
https://doi.org/10.1007/978-981-15-5873-3_10#Sec20
https://doi.org/10.1007/978-981-15-5873-3_10#Sec20
https://doi.org/10.1007/978-981-15-5873-3_10#Sec20
https://doi.org/10.1007/978-981-15-5873-3_10#Sec20


11 Point Operations for Spatial Domain Enhancement {249} . . . . . . . 441
11.1 Fundamentals of Image Enhancement {42} . . . . . . . . . . . . . . 441

11.1.1 Image Enhancement {8} . . . . . . . . . . . . . . . . . . . . 441
11.1.2 Intensity Enhancement {10} . . . . . . . . . . . . . . . . . 443
11.1.3 Contrast Enhancement {12} . . . . . . . . . . . . . . . . . . 445
11.1.4 Operator {12} . . . . . . . . . . . . . . . . . . . . . . . . . . . . 446

11.2 Coordinate Transformation {87} . . . . . . . . . . . . . . . . . . . . . . 448
11.2.1 Spatial Coordinate Transformation {13} . . . . . . . . . 448
11.2.2 Image Transformation {8} . . . . . . . . . . . . . . . . . . . 450
11.2.3 Homogeneous Coordinates {8} . . . . . . . . . . . . . . . 452
11.2.4 Hierarchy of Transformation {13} . . . . . . . . . . . . . 453
11.2.5 Affine Transformation {13} . . . . . . . . . . . . . . . . . . 457
11.2.6 Rotation Transformation {17} . . . . . . . . . . . . . . . . 461
11.2.7 Scaling Transformation {7} . . . . . . . . . . . . . . . . . . 466
11.2.8 Other Transformation {8} . . . . . . . . . . . . . . . . . . . 468

11.3 Inter-image Operations {34} . . . . . . . . . . . . . . . . . . . . . . . . . 470
11.3.1 Image Operation {6} . . . . . . . . . . . . . . . . . . . . . . . 470
11.3.2 Arithmetic Operations {18} . . . . . . . . . . . . . . . . . . 471
11.3.3 Logic Operations {10} . . . . . . . . . . . . . . . . . . . . . 475

11.4 Image Gray-Level Mapping {38} . . . . . . . . . . . . . . . . . . . . . 478
11.4.1 Mapping {9} . . . . . . . . . . . . . . . . . . . . . . . . . . . . 479
11.4.2 Contrast Manipulation {7} . . . . . . . . . . . . . . . . . . . 480
11.4.3 Logarithmic and Exponential Functions {15} . . . . . 482
11.4.4 Other Functions {7} . . . . . . . . . . . . . . . . . . . . . . . 485

11.5 Histogram Transformation {48} . . . . . . . . . . . . . . . . . . . . . . 486
11.5.1 Histogram {13} . . . . . . . . . . . . . . . . . . . . . . . . . . 487
11.5.2 Histogram Transformation {12} . . . . . . . . . . . . . . . 489
11.5.3 Histogram Modification {14} . . . . . . . . . . . . . . . . . 493
11.5.4 Histogram Analysis {9} . . . . . . . . . . . . . . . . . . . . . 496

12 Mask Operations for Spatial Domain Enhancement {175} . . . . . . . 499
12.1 Spatial Domain Enhancement Filtering {37} . . . . . . . . . . . . . 499

12.1.1 Spatial Domain Filtering {19} . . . . . . . . . . . . . . . . 499
12.1.2 Spatial Domain Filters {18} . . . . . . . . . . . . . . . . . . 503

12.2 Mask Operation {35} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 506
12.2.1 Mask {20} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 507
12.2.2 Operator {15} . . . . . . . . . . . . . . . . . . . . . . . . . . . . 510

12.3 Linear Filtering {39} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 515
12.3.1 Linear Smoothing {15} . . . . . . . . . . . . . . . . . . . . . 516
12.3.2 Averaging and Mean {14} . . . . . . . . . . . . . . . . . . . 518
12.3.3 Linear Sharpening {10} . . . . . . . . . . . . . . . . . . . . . 520

12.4 Nonlinear Filtering {42} . . . . . . . . . . . . . . . . . . . . . . . . . . . 522
12.4.1 Nonlinear Smoothing {17} . . . . . . . . . . . . . . . . . . 522
12.4.2 Mid-point, Mode, and Median {15} . . . . . . . . . . . . 526
12.4.3 Nonlinear Sharpening {10} . . . . . . . . . . . . . . . . . . 529

xiv Contents

https://doi.org/10.1007/978-981-15-5873-3_11
https://doi.org/10.1007/978-981-15-5873-3_11
https://doi.org/10.1007/978-981-15-5873-3_11
https://doi.org/10.1007/978-981-15-5873-3_11
https://doi.org/10.1007/978-981-15-5873-3_11#Sec1
https://doi.org/10.1007/978-981-15-5873-3_11#Sec1
https://doi.org/10.1007/978-981-15-5873-3_11#Sec1
https://doi.org/10.1007/978-981-15-5873-3_11#Sec1
https://doi.org/10.1007/978-981-15-5873-3_11#Sec2
https://doi.org/10.1007/978-981-15-5873-3_11#Sec2
https://doi.org/10.1007/978-981-15-5873-3_11#Sec2
https://doi.org/10.1007/978-981-15-5873-3_11#Sec2
https://doi.org/10.1007/978-981-15-5873-3_11#Sec3
https://doi.org/10.1007/978-981-15-5873-3_11#Sec3
https://doi.org/10.1007/978-981-15-5873-3_11#Sec3
https://doi.org/10.1007/978-981-15-5873-3_11#Sec3
https://doi.org/10.1007/978-981-15-5873-3_11#Sec4
https://doi.org/10.1007/978-981-15-5873-3_11#Sec4
https://doi.org/10.1007/978-981-15-5873-3_11#Sec4
https://doi.org/10.1007/978-981-15-5873-3_11#Sec4
https://doi.org/10.1007/978-981-15-5873-3_11#Sec5
https://doi.org/10.1007/978-981-15-5873-3_11#Sec5
https://doi.org/10.1007/978-981-15-5873-3_11#Sec5
https://doi.org/10.1007/978-981-15-5873-3_11#Sec5
https://doi.org/10.1007/978-981-15-5873-3_11#Sec6
https://doi.org/10.1007/978-981-15-5873-3_11#Sec6
https://doi.org/10.1007/978-981-15-5873-3_11#Sec6
https://doi.org/10.1007/978-981-15-5873-3_11#Sec6
https://doi.org/10.1007/978-981-15-5873-3_11#Sec7
https://doi.org/10.1007/978-981-15-5873-3_11#Sec7
https://doi.org/10.1007/978-981-15-5873-3_11#Sec7
https://doi.org/10.1007/978-981-15-5873-3_11#Sec7
https://doi.org/10.1007/978-981-15-5873-3_11#Sec8
https://doi.org/10.1007/978-981-15-5873-3_11#Sec8
https://doi.org/10.1007/978-981-15-5873-3_11#Sec8
https://doi.org/10.1007/978-981-15-5873-3_11#Sec8
https://doi.org/10.1007/978-981-15-5873-3_11#Sec9
https://doi.org/10.1007/978-981-15-5873-3_11#Sec9
https://doi.org/10.1007/978-981-15-5873-3_11#Sec9
https://doi.org/10.1007/978-981-15-5873-3_11#Sec9
https://doi.org/10.1007/978-981-15-5873-3_11#Sec10
https://doi.org/10.1007/978-981-15-5873-3_11#Sec10
https://doi.org/10.1007/978-981-15-5873-3_11#Sec10
https://doi.org/10.1007/978-981-15-5873-3_11#Sec10
https://doi.org/10.1007/978-981-15-5873-3_11#Sec11
https://doi.org/10.1007/978-981-15-5873-3_11#Sec11
https://doi.org/10.1007/978-981-15-5873-3_11#Sec11
https://doi.org/10.1007/978-981-15-5873-3_11#Sec11
https://doi.org/10.1007/978-981-15-5873-3_11#Sec12
https://doi.org/10.1007/978-981-15-5873-3_11#Sec12
https://doi.org/10.1007/978-981-15-5873-3_11#Sec12
https://doi.org/10.1007/978-981-15-5873-3_11#Sec12
https://doi.org/10.1007/978-981-15-5873-3_11#Sec13
https://doi.org/10.1007/978-981-15-5873-3_11#Sec13
https://doi.org/10.1007/978-981-15-5873-3_11#Sec13
https://doi.org/10.1007/978-981-15-5873-3_11#Sec13
https://doi.org/10.1007/978-981-15-5873-3_11#Sec14
https://doi.org/10.1007/978-981-15-5873-3_11#Sec14
https://doi.org/10.1007/978-981-15-5873-3_11#Sec14
https://doi.org/10.1007/978-981-15-5873-3_11#Sec14
https://doi.org/10.1007/978-981-15-5873-3_11#Sec15
https://doi.org/10.1007/978-981-15-5873-3_11#Sec15
https://doi.org/10.1007/978-981-15-5873-3_11#Sec15
https://doi.org/10.1007/978-981-15-5873-3_11#Sec15
https://doi.org/10.1007/978-981-15-5873-3_11#Sec16
https://doi.org/10.1007/978-981-15-5873-3_11#Sec16
https://doi.org/10.1007/978-981-15-5873-3_11#Sec16
https://doi.org/10.1007/978-981-15-5873-3_11#Sec16
https://doi.org/10.1007/978-981-15-5873-3_11#Sec17
https://doi.org/10.1007/978-981-15-5873-3_11#Sec17
https://doi.org/10.1007/978-981-15-5873-3_11#Sec17
https://doi.org/10.1007/978-981-15-5873-3_11#Sec17
https://doi.org/10.1007/978-981-15-5873-3_11#Sec18
https://doi.org/10.1007/978-981-15-5873-3_11#Sec18
https://doi.org/10.1007/978-981-15-5873-3_11#Sec18
https://doi.org/10.1007/978-981-15-5873-3_11#Sec18
https://doi.org/10.1007/978-981-15-5873-3_11#Sec19
https://doi.org/10.1007/978-981-15-5873-3_11#Sec19
https://doi.org/10.1007/978-981-15-5873-3_11#Sec19
https://doi.org/10.1007/978-981-15-5873-3_11#Sec19
https://doi.org/10.1007/978-981-15-5873-3_11#Sec20
https://doi.org/10.1007/978-981-15-5873-3_11#Sec20
https://doi.org/10.1007/978-981-15-5873-3_11#Sec20
https://doi.org/10.1007/978-981-15-5873-3_11#Sec20
https://doi.org/10.1007/978-981-15-5873-3_11#Sec21
https://doi.org/10.1007/978-981-15-5873-3_11#Sec21
https://doi.org/10.1007/978-981-15-5873-3_11#Sec21
https://doi.org/10.1007/978-981-15-5873-3_11#Sec21
https://doi.org/10.1007/978-981-15-5873-3_11#Sec22
https://doi.org/10.1007/978-981-15-5873-3_11#Sec22
https://doi.org/10.1007/978-981-15-5873-3_11#Sec22
https://doi.org/10.1007/978-981-15-5873-3_11#Sec22
https://doi.org/10.1007/978-981-15-5873-3_11#Sec23
https://doi.org/10.1007/978-981-15-5873-3_11#Sec23
https://doi.org/10.1007/978-981-15-5873-3_11#Sec23
https://doi.org/10.1007/978-981-15-5873-3_11#Sec23
https://doi.org/10.1007/978-981-15-5873-3_11#Sec24
https://doi.org/10.1007/978-981-15-5873-3_11#Sec24
https://doi.org/10.1007/978-981-15-5873-3_11#Sec24
https://doi.org/10.1007/978-981-15-5873-3_11#Sec24
https://doi.org/10.1007/978-981-15-5873-3_11#Sec25
https://doi.org/10.1007/978-981-15-5873-3_11#Sec25
https://doi.org/10.1007/978-981-15-5873-3_11#Sec25
https://doi.org/10.1007/978-981-15-5873-3_11#Sec25
https://doi.org/10.1007/978-981-15-5873-3_11#Sec26
https://doi.org/10.1007/978-981-15-5873-3_11#Sec26
https://doi.org/10.1007/978-981-15-5873-3_11#Sec26
https://doi.org/10.1007/978-981-15-5873-3_11#Sec26
https://doi.org/10.1007/978-981-15-5873-3_11#Sec27
https://doi.org/10.1007/978-981-15-5873-3_11#Sec27
https://doi.org/10.1007/978-981-15-5873-3_11#Sec27
https://doi.org/10.1007/978-981-15-5873-3_11#Sec27
https://doi.org/10.1007/978-981-15-5873-3_11#Sec28
https://doi.org/10.1007/978-981-15-5873-3_11#Sec28
https://doi.org/10.1007/978-981-15-5873-3_11#Sec28
https://doi.org/10.1007/978-981-15-5873-3_11#Sec28
https://doi.org/10.1007/978-981-15-5873-3_12
https://doi.org/10.1007/978-981-15-5873-3_12
https://doi.org/10.1007/978-981-15-5873-3_12
https://doi.org/10.1007/978-981-15-5873-3_12
https://doi.org/10.1007/978-981-15-5873-3_12#Sec1
https://doi.org/10.1007/978-981-15-5873-3_12#Sec1
https://doi.org/10.1007/978-981-15-5873-3_12#Sec1
https://doi.org/10.1007/978-981-15-5873-3_12#Sec1
https://doi.org/10.1007/978-981-15-5873-3_12#Sec2
https://doi.org/10.1007/978-981-15-5873-3_12#Sec2
https://doi.org/10.1007/978-981-15-5873-3_12#Sec2
https://doi.org/10.1007/978-981-15-5873-3_12#Sec2
https://doi.org/10.1007/978-981-15-5873-3_12#Sec3
https://doi.org/10.1007/978-981-15-5873-3_12#Sec3
https://doi.org/10.1007/978-981-15-5873-3_12#Sec3
https://doi.org/10.1007/978-981-15-5873-3_12#Sec3
https://doi.org/10.1007/978-981-15-5873-3_12#Sec4
https://doi.org/10.1007/978-981-15-5873-3_12#Sec4
https://doi.org/10.1007/978-981-15-5873-3_12#Sec4
https://doi.org/10.1007/978-981-15-5873-3_12#Sec4
https://doi.org/10.1007/978-981-15-5873-3_12#Sec5
https://doi.org/10.1007/978-981-15-5873-3_12#Sec5
https://doi.org/10.1007/978-981-15-5873-3_12#Sec5
https://doi.org/10.1007/978-981-15-5873-3_12#Sec5
https://doi.org/10.1007/978-981-15-5873-3_12#Sec6
https://doi.org/10.1007/978-981-15-5873-3_12#Sec6
https://doi.org/10.1007/978-981-15-5873-3_12#Sec6
https://doi.org/10.1007/978-981-15-5873-3_12#Sec6
https://doi.org/10.1007/978-981-15-5873-3_12#Sec7
https://doi.org/10.1007/978-981-15-5873-3_12#Sec7
https://doi.org/10.1007/978-981-15-5873-3_12#Sec7
https://doi.org/10.1007/978-981-15-5873-3_12#Sec7
https://doi.org/10.1007/978-981-15-5873-3_12#Sec8
https://doi.org/10.1007/978-981-15-5873-3_12#Sec8
https://doi.org/10.1007/978-981-15-5873-3_12#Sec8
https://doi.org/10.1007/978-981-15-5873-3_12#Sec8
https://doi.org/10.1007/978-981-15-5873-3_12#Sec9
https://doi.org/10.1007/978-981-15-5873-3_12#Sec9
https://doi.org/10.1007/978-981-15-5873-3_12#Sec9
https://doi.org/10.1007/978-981-15-5873-3_12#Sec9
https://doi.org/10.1007/978-981-15-5873-3_12#Sec10
https://doi.org/10.1007/978-981-15-5873-3_12#Sec10
https://doi.org/10.1007/978-981-15-5873-3_12#Sec10
https://doi.org/10.1007/978-981-15-5873-3_12#Sec10
https://doi.org/10.1007/978-981-15-5873-3_12#Sec11
https://doi.org/10.1007/978-981-15-5873-3_12#Sec11
https://doi.org/10.1007/978-981-15-5873-3_12#Sec11
https://doi.org/10.1007/978-981-15-5873-3_12#Sec11
https://doi.org/10.1007/978-981-15-5873-3_12#Sec12
https://doi.org/10.1007/978-981-15-5873-3_12#Sec12
https://doi.org/10.1007/978-981-15-5873-3_12#Sec12
https://doi.org/10.1007/978-981-15-5873-3_12#Sec12
https://doi.org/10.1007/978-981-15-5873-3_12#Sec13
https://doi.org/10.1007/978-981-15-5873-3_12#Sec13
https://doi.org/10.1007/978-981-15-5873-3_12#Sec13
https://doi.org/10.1007/978-981-15-5873-3_12#Sec13
https://doi.org/10.1007/978-981-15-5873-3_12#Sec14
https://doi.org/10.1007/978-981-15-5873-3_12#Sec14
https://doi.org/10.1007/978-981-15-5873-3_12#Sec14
https://doi.org/10.1007/978-981-15-5873-3_12#Sec14


12.5 Gaussian Filter {22} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 532
12.5.1 Gaussian {17} . . . . . . . . . . . . . . . . . . . . . . . . . . . 533
12.5.2 Laplacian of Gaussian {5} . . . . . . . . . . . . . . . . . . . 535

13 Frequency Domain Filtering {76} . . . . . . . . . . . . . . . . . . . . . . . . . . 539
13.1 Filter and Filtering {26} . . . . . . . . . . . . . . . . . . . . . . . . . . . . 539

13.1.1 Basic of Filters {11} . . . . . . . . . . . . . . . . . . . . . . . 539
13.1.2 Various Filters {15} . . . . . . . . . . . . . . . . . . . . . . . 542

13.2 Frequency Domain Filters {50} . . . . . . . . . . . . . . . . . . . . . . 545
13.2.1 Filtering Techniques {10} . . . . . . . . . . . . . . . . . . . 545
13.2.2 Low-Pass Filters {10} . . . . . . . . . . . . . . . . . . . . . . 546
13.2.3 High-Pass Filters {9} . . . . . . . . . . . . . . . . . . . . . . 550
13.2.4 Band-Pass Filters {9} . . . . . . . . . . . . . . . . . . . . . . 553
13.2.5 Band-Reject Filters {6} . . . . . . . . . . . . . . . . . . . . . 556
13.2.6 Homomorphic Filters {6} . . . . . . . . . . . . . . . . . . . 558

14 Image Restoration {215} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 561
14.1 Fundamentals of Image Restoration {56} . . . . . . . . . . . . . . . 561

14.1.1 Basic Concepts {18} . . . . . . . . . . . . . . . . . . . . . . . 561
14.1.2 Basic Techniques {13} . . . . . . . . . . . . . . . . . . . . . 564
14.1.3 Simulated Annealing {10} . . . . . . . . . . . . . . . . . . . 567
14.1.4 Regularization {15} . . . . . . . . . . . . . . . . . . . . . . . 569

14.2 Degradation and Distortion {46} . . . . . . . . . . . . . . . . . . . . . . 573
14.2.1 Image Degradation {19} . . . . . . . . . . . . . . . . . . . . 574
14.2.2 Image Geometric Distortion {7} . . . . . . . . . . . . . . . 577
14.2.3 Image Radiometric Distortion {20} . . . . . . . . . . . . 579

14.3 Noise and Denoising {91} . . . . . . . . . . . . . . . . . . . . . . . . . . 581
14.3.1 Noise Models {15} . . . . . . . . . . . . . . . . . . . . . . . . 581
14.3.2 Noise Sources {15} . . . . . . . . . . . . . . . . . . . . . . . . 584
14.3.3 Distribution {17} . . . . . . . . . . . . . . . . . . . . . . . . . 587
14.3.4 Impulse Noise {10} . . . . . . . . . . . . . . . . . . . . . . . . 590
14.3.5 Some Typical Noises {20} . . . . . . . . . . . . . . . . . . . 593
14.3.6 Image Denoising {14} . . . . . . . . . . . . . . . . . . . . . . 595

14.4 Filtering Restoration {22} . . . . . . . . . . . . . . . . . . . . . . . . . . 598
14.4.1 Unconstrained and Constrained {10} . . . . . . . . . . . 598
14.4.2 Harmonic and Anisotropic {12} . . . . . . . . . . . . . . . 602

15 Image Repair and Recovery {83} . . . . . . . . . . . . . . . . . . . . . . . . . . 605
15.1 Image Inpainting {8} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 605
15.2 Image Completion {10} . . . . . . . . . . . . . . . . . . . . . . . . . . . . 606
15.3 Smog and Haze Elimination {25} . . . . . . . . . . . . . . . . . . . . . 608

15.3.1 Defogging and Effect {14} . . . . . . . . . . . . . . . . . . 608
15.3.2 Atmospheric Scattering Model {11} . . . . . . . . . . . . 611

15.4 Geometric Distortion Correction {40} . . . . . . . . . . . . . . . . . . 613
15.4.1 Geometric Transformation {17} . . . . . . . . . . . . . . . 613
15.4.2 Grayscale Interpolation {14} . . . . . . . . . . . . . . . . . 615
15.4.3 Linear Interpolation {9} . . . . . . . . . . . . . . . . . . . . . 618

Contents xv

https://doi.org/10.1007/978-981-15-5873-3_12#Sec15
https://doi.org/10.1007/978-981-15-5873-3_12#Sec15
https://doi.org/10.1007/978-981-15-5873-3_12#Sec15
https://doi.org/10.1007/978-981-15-5873-3_12#Sec15
https://doi.org/10.1007/978-981-15-5873-3_12#Sec16
https://doi.org/10.1007/978-981-15-5873-3_12#Sec16
https://doi.org/10.1007/978-981-15-5873-3_12#Sec16
https://doi.org/10.1007/978-981-15-5873-3_12#Sec16
https://doi.org/10.1007/978-981-15-5873-3_12#Sec17
https://doi.org/10.1007/978-981-15-5873-3_12#Sec17
https://doi.org/10.1007/978-981-15-5873-3_12#Sec17
https://doi.org/10.1007/978-981-15-5873-3_12#Sec17
https://doi.org/10.1007/978-981-15-5873-3_13
https://doi.org/10.1007/978-981-15-5873-3_13
https://doi.org/10.1007/978-981-15-5873-3_13
https://doi.org/10.1007/978-981-15-5873-3_13
https://doi.org/10.1007/978-981-15-5873-3_13#Sec1
https://doi.org/10.1007/978-981-15-5873-3_13#Sec1
https://doi.org/10.1007/978-981-15-5873-3_13#Sec1
https://doi.org/10.1007/978-981-15-5873-3_13#Sec1
https://doi.org/10.1007/978-981-15-5873-3_13#Sec2
https://doi.org/10.1007/978-981-15-5873-3_13#Sec2
https://doi.org/10.1007/978-981-15-5873-3_13#Sec2
https://doi.org/10.1007/978-981-15-5873-3_13#Sec2
https://doi.org/10.1007/978-981-15-5873-3_13#Sec3
https://doi.org/10.1007/978-981-15-5873-3_13#Sec3
https://doi.org/10.1007/978-981-15-5873-3_13#Sec3
https://doi.org/10.1007/978-981-15-5873-3_13#Sec3
https://doi.org/10.1007/978-981-15-5873-3_13#Sec4
https://doi.org/10.1007/978-981-15-5873-3_13#Sec4
https://doi.org/10.1007/978-981-15-5873-3_13#Sec4
https://doi.org/10.1007/978-981-15-5873-3_13#Sec4
https://doi.org/10.1007/978-981-15-5873-3_13#Sec5
https://doi.org/10.1007/978-981-15-5873-3_13#Sec5
https://doi.org/10.1007/978-981-15-5873-3_13#Sec5
https://doi.org/10.1007/978-981-15-5873-3_13#Sec5
https://doi.org/10.1007/978-981-15-5873-3_13#Sec6
https://doi.org/10.1007/978-981-15-5873-3_13#Sec6
https://doi.org/10.1007/978-981-15-5873-3_13#Sec6
https://doi.org/10.1007/978-981-15-5873-3_13#Sec6
https://doi.org/10.1007/978-981-15-5873-3_13#Sec7
https://doi.org/10.1007/978-981-15-5873-3_13#Sec7
https://doi.org/10.1007/978-981-15-5873-3_13#Sec7
https://doi.org/10.1007/978-981-15-5873-3_13#Sec7
https://doi.org/10.1007/978-981-15-5873-3_13#Sec8
https://doi.org/10.1007/978-981-15-5873-3_13#Sec8
https://doi.org/10.1007/978-981-15-5873-3_13#Sec8
https://doi.org/10.1007/978-981-15-5873-3_13#Sec8
https://doi.org/10.1007/978-981-15-5873-3_13#Sec9
https://doi.org/10.1007/978-981-15-5873-3_13#Sec9
https://doi.org/10.1007/978-981-15-5873-3_13#Sec9
https://doi.org/10.1007/978-981-15-5873-3_13#Sec9
https://doi.org/10.1007/978-981-15-5873-3_13#Sec10
https://doi.org/10.1007/978-981-15-5873-3_13#Sec10
https://doi.org/10.1007/978-981-15-5873-3_13#Sec10
https://doi.org/10.1007/978-981-15-5873-3_13#Sec10
https://doi.org/10.1007/978-981-15-5873-3_14
https://doi.org/10.1007/978-981-15-5873-3_14
https://doi.org/10.1007/978-981-15-5873-3_14
https://doi.org/10.1007/978-981-15-5873-3_14
https://doi.org/10.1007/978-981-15-5873-3_14#Sec1
https://doi.org/10.1007/978-981-15-5873-3_14#Sec1
https://doi.org/10.1007/978-981-15-5873-3_14#Sec1
https://doi.org/10.1007/978-981-15-5873-3_14#Sec1
https://doi.org/10.1007/978-981-15-5873-3_14#Sec2
https://doi.org/10.1007/978-981-15-5873-3_14#Sec2
https://doi.org/10.1007/978-981-15-5873-3_14#Sec2
https://doi.org/10.1007/978-981-15-5873-3_14#Sec2
https://doi.org/10.1007/978-981-15-5873-3_14#Sec3
https://doi.org/10.1007/978-981-15-5873-3_14#Sec3
https://doi.org/10.1007/978-981-15-5873-3_14#Sec3
https://doi.org/10.1007/978-981-15-5873-3_14#Sec3
https://doi.org/10.1007/978-981-15-5873-3_14#Sec4
https://doi.org/10.1007/978-981-15-5873-3_14#Sec4
https://doi.org/10.1007/978-981-15-5873-3_14#Sec4
https://doi.org/10.1007/978-981-15-5873-3_14#Sec4
https://doi.org/10.1007/978-981-15-5873-3_14#Sec5
https://doi.org/10.1007/978-981-15-5873-3_14#Sec5
https://doi.org/10.1007/978-981-15-5873-3_14#Sec5
https://doi.org/10.1007/978-981-15-5873-3_14#Sec5
https://doi.org/10.1007/978-981-15-5873-3_14#Sec6
https://doi.org/10.1007/978-981-15-5873-3_14#Sec6
https://doi.org/10.1007/978-981-15-5873-3_14#Sec6
https://doi.org/10.1007/978-981-15-5873-3_14#Sec6
https://doi.org/10.1007/978-981-15-5873-3_14#Sec7
https://doi.org/10.1007/978-981-15-5873-3_14#Sec7
https://doi.org/10.1007/978-981-15-5873-3_14#Sec7
https://doi.org/10.1007/978-981-15-5873-3_14#Sec7
https://doi.org/10.1007/978-981-15-5873-3_14#Sec8
https://doi.org/10.1007/978-981-15-5873-3_14#Sec8
https://doi.org/10.1007/978-981-15-5873-3_14#Sec8
https://doi.org/10.1007/978-981-15-5873-3_14#Sec8
https://doi.org/10.1007/978-981-15-5873-3_14#Sec9
https://doi.org/10.1007/978-981-15-5873-3_14#Sec9
https://doi.org/10.1007/978-981-15-5873-3_14#Sec9
https://doi.org/10.1007/978-981-15-5873-3_14#Sec9
https://doi.org/10.1007/978-981-15-5873-3_14#Sec10
https://doi.org/10.1007/978-981-15-5873-3_14#Sec10
https://doi.org/10.1007/978-981-15-5873-3_14#Sec10
https://doi.org/10.1007/978-981-15-5873-3_14#Sec10
https://doi.org/10.1007/978-981-15-5873-3_14#Sec11
https://doi.org/10.1007/978-981-15-5873-3_14#Sec11
https://doi.org/10.1007/978-981-15-5873-3_14#Sec11
https://doi.org/10.1007/978-981-15-5873-3_14#Sec11
https://doi.org/10.1007/978-981-15-5873-3_14#Sec12
https://doi.org/10.1007/978-981-15-5873-3_14#Sec12
https://doi.org/10.1007/978-981-15-5873-3_14#Sec12
https://doi.org/10.1007/978-981-15-5873-3_14#Sec12
https://doi.org/10.1007/978-981-15-5873-3_14#Sec13
https://doi.org/10.1007/978-981-15-5873-3_14#Sec13
https://doi.org/10.1007/978-981-15-5873-3_14#Sec13
https://doi.org/10.1007/978-981-15-5873-3_14#Sec13
https://doi.org/10.1007/978-981-15-5873-3_14#Sec14
https://doi.org/10.1007/978-981-15-5873-3_14#Sec14
https://doi.org/10.1007/978-981-15-5873-3_14#Sec14
https://doi.org/10.1007/978-981-15-5873-3_14#Sec14
https://doi.org/10.1007/978-981-15-5873-3_14#Sec15
https://doi.org/10.1007/978-981-15-5873-3_14#Sec15
https://doi.org/10.1007/978-981-15-5873-3_14#Sec15
https://doi.org/10.1007/978-981-15-5873-3_14#Sec15
https://doi.org/10.1007/978-981-15-5873-3_14#Sec16
https://doi.org/10.1007/978-981-15-5873-3_14#Sec16
https://doi.org/10.1007/978-981-15-5873-3_14#Sec16
https://doi.org/10.1007/978-981-15-5873-3_14#Sec16
https://doi.org/10.1007/978-981-15-5873-3_14#Sec17
https://doi.org/10.1007/978-981-15-5873-3_14#Sec17
https://doi.org/10.1007/978-981-15-5873-3_14#Sec17
https://doi.org/10.1007/978-981-15-5873-3_14#Sec17
https://doi.org/10.1007/978-981-15-5873-3_14#Sec18
https://doi.org/10.1007/978-981-15-5873-3_14#Sec18
https://doi.org/10.1007/978-981-15-5873-3_14#Sec18
https://doi.org/10.1007/978-981-15-5873-3_14#Sec18
https://doi.org/10.1007/978-981-15-5873-3_14#Sec19
https://doi.org/10.1007/978-981-15-5873-3_14#Sec19
https://doi.org/10.1007/978-981-15-5873-3_14#Sec19
https://doi.org/10.1007/978-981-15-5873-3_14#Sec19
https://doi.org/10.1007/978-981-15-5873-3_15
https://doi.org/10.1007/978-981-15-5873-3_15
https://doi.org/10.1007/978-981-15-5873-3_15
https://doi.org/10.1007/978-981-15-5873-3_15
https://doi.org/10.1007/978-981-15-5873-3_15#Sec1
https://doi.org/10.1007/978-981-15-5873-3_15#Sec1
https://doi.org/10.1007/978-981-15-5873-3_15#Sec1
https://doi.org/10.1007/978-981-15-5873-3_15#Sec1
https://doi.org/10.1007/978-981-15-5873-3_15#Sec2
https://doi.org/10.1007/978-981-15-5873-3_15#Sec2
https://doi.org/10.1007/978-981-15-5873-3_15#Sec2
https://doi.org/10.1007/978-981-15-5873-3_15#Sec2
https://doi.org/10.1007/978-981-15-5873-3_15#Sec3
https://doi.org/10.1007/978-981-15-5873-3_15#Sec3
https://doi.org/10.1007/978-981-15-5873-3_15#Sec3
https://doi.org/10.1007/978-981-15-5873-3_15#Sec3
https://doi.org/10.1007/978-981-15-5873-3_15#Sec4
https://doi.org/10.1007/978-981-15-5873-3_15#Sec4
https://doi.org/10.1007/978-981-15-5873-3_15#Sec4
https://doi.org/10.1007/978-981-15-5873-3_15#Sec4
https://doi.org/10.1007/978-981-15-5873-3_15#Sec5
https://doi.org/10.1007/978-981-15-5873-3_15#Sec5
https://doi.org/10.1007/978-981-15-5873-3_15#Sec5
https://doi.org/10.1007/978-981-15-5873-3_15#Sec5
https://doi.org/10.1007/978-981-15-5873-3_15#Sec6
https://doi.org/10.1007/978-981-15-5873-3_15#Sec6
https://doi.org/10.1007/978-981-15-5873-3_15#Sec6
https://doi.org/10.1007/978-981-15-5873-3_15#Sec6
https://doi.org/10.1007/978-981-15-5873-3_15#Sec7
https://doi.org/10.1007/978-981-15-5873-3_15#Sec7
https://doi.org/10.1007/978-981-15-5873-3_15#Sec7
https://doi.org/10.1007/978-981-15-5873-3_15#Sec7
https://doi.org/10.1007/978-981-15-5873-3_15#Sec8
https://doi.org/10.1007/978-981-15-5873-3_15#Sec8
https://doi.org/10.1007/978-981-15-5873-3_15#Sec8
https://doi.org/10.1007/978-981-15-5873-3_15#Sec8
https://doi.org/10.1007/978-981-15-5873-3_15#Sec9
https://doi.org/10.1007/978-981-15-5873-3_15#Sec9
https://doi.org/10.1007/978-981-15-5873-3_15#Sec9
https://doi.org/10.1007/978-981-15-5873-3_15#Sec9


16 Image Reconstruction from Projection {101} . . . . . . . . . . . . . . . . . 623
16.1 Principle of Tomography {57} . . . . . . . . . . . . . . . . . . . . . . . 623

16.1.1 Tomography {15} . . . . . . . . . . . . . . . . . . . . . . . . . 623
16.1.2 Computational Tomography {25} . . . . . . . . . . . . . 625
16.1.3 Historical Development {17} . . . . . . . . . . . . . . . . . 630

16.2 Reconstruction Methods {14} . . . . . . . . . . . . . . . . . . . . . . . . 634
16.3 Back-Projection Reconstruction {9} . . . . . . . . . . . . . . . . . . . 638
16.4 Reconstruction Based on Series Expansion {21} . . . . . . . . . . 641

16.4.1 Algebraic Reconstruction Technique {11} . . . . . . . 641
16.4.2 Iterative Back-Projection {10} . . . . . . . . . . . . . . . . 644

17 Image Coding {213} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 647
17.1 Coding and Decoding {83} . . . . . . . . . . . . . . . . . . . . . . . . . 647

17.1.1 Coding and Decoding {17} . . . . . . . . . . . . . . . . . . 647
17.1.2 Coder and Decoder {14} . . . . . . . . . . . . . . . . . . . . 649
17.1.3 Source coding {13} . . . . . . . . . . . . . . . . . . . . . . . . 651
17.1.4 Data Redundancy and Compression {19} . . . . . . . . 653
17.1.5 Coding Types {20} . . . . . . . . . . . . . . . . . . . . . . . . 657

17.2 Coding Theorem and Property {31} . . . . . . . . . . . . . . . . . . . 660
17.2.1 Coding Theorem {12} . . . . . . . . . . . . . . . . . . . . . . 660
17.2.2 Coding Property {19} . . . . . . . . . . . . . . . . . . . . . . 661

17.3 Entropy Coding {18} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 663
17.3.1 Entropy of Image {5} . . . . . . . . . . . . . . . . . . . . . . 664
17.3.2 Variable-Length Coding {13} . . . . . . . . . . . . . . . . 665

17.4 Predictive Coding {20} . . . . . . . . . . . . . . . . . . . . . . . . . . . . 668
17.4.1 Lossless and Lossy {12} . . . . . . . . . . . . . . . . . . . . 669
17.4.2 Predictor and Quantizer {8} . . . . . . . . . . . . . . . . . . 672

17.5 Transform Coding {10} . . . . . . . . . . . . . . . . . . . . . . . . . . . . 675
17.6 Bit Plane Coding {19} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 677
17.7 Hierarchical Coding {13} . . . . . . . . . . . . . . . . . . . . . . . . . . . 681
17.8 Other Coding Methods {19} . . . . . . . . . . . . . . . . . . . . . . . . . 683

18 Image Watermarking {156} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 689
18.1 Watermarking {74} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 689

18.1.1 Watermarking Overview {18} . . . . . . . . . . . . . . . . 689
18.1.2 Watermarking Embedding {16} . . . . . . . . . . . . . . . 691
18.1.3 Watermarking Property {20} . . . . . . . . . . . . . . . . . 693
18.1.4 Auxiliary Information {9} . . . . . . . . . . . . . . . . . . . 696
18.1.5 Cover and Works {11} . . . . . . . . . . . . . . . . . . . . . 697

18.2 Watermarking Techniques {38} . . . . . . . . . . . . . . . . . . . . . . 699
18.2.1 Technique Classification {13} . . . . . . . . . . . . . . . . 699
18.2.2 Various Watermarking Techniques {20} . . . . . . . . . 701
18.2.3 Transform Domain Watermarking {5} . . . . . . . . . . 703

18.3 Watermarking Security {44} . . . . . . . . . . . . . . . . . . . . . . . . 705
18.3.1 Security {17} . . . . . . . . . . . . . . . . . . . . . . . . . . . . 705
18.3.2 Watermarking Attacks {17} . . . . . . . . . . . . . . . . . . 707
18.3.3 Unauthorized Attacks {10} . . . . . . . . . . . . . . . . . . 709

xvi Contents

https://doi.org/10.1007/978-981-15-5873-3_16
https://doi.org/10.1007/978-981-15-5873-3_16
https://doi.org/10.1007/978-981-15-5873-3_16
https://doi.org/10.1007/978-981-15-5873-3_16
https://doi.org/10.1007/978-981-15-5873-3_16#Sec1
https://doi.org/10.1007/978-981-15-5873-3_16#Sec1
https://doi.org/10.1007/978-981-15-5873-3_16#Sec1
https://doi.org/10.1007/978-981-15-5873-3_16#Sec1
https://doi.org/10.1007/978-981-15-5873-3_16#Sec2
https://doi.org/10.1007/978-981-15-5873-3_16#Sec2
https://doi.org/10.1007/978-981-15-5873-3_16#Sec2
https://doi.org/10.1007/978-981-15-5873-3_16#Sec2
https://doi.org/10.1007/978-981-15-5873-3_16#Sec3
https://doi.org/10.1007/978-981-15-5873-3_16#Sec3
https://doi.org/10.1007/978-981-15-5873-3_16#Sec3
https://doi.org/10.1007/978-981-15-5873-3_16#Sec3
https://doi.org/10.1007/978-981-15-5873-3_16#Sec4
https://doi.org/10.1007/978-981-15-5873-3_16#Sec4
https://doi.org/10.1007/978-981-15-5873-3_16#Sec4
https://doi.org/10.1007/978-981-15-5873-3_16#Sec4
https://doi.org/10.1007/978-981-15-5873-3_16#Sec5
https://doi.org/10.1007/978-981-15-5873-3_16#Sec5
https://doi.org/10.1007/978-981-15-5873-3_16#Sec5
https://doi.org/10.1007/978-981-15-5873-3_16#Sec5
https://doi.org/10.1007/978-981-15-5873-3_16#Sec6
https://doi.org/10.1007/978-981-15-5873-3_16#Sec6
https://doi.org/10.1007/978-981-15-5873-3_16#Sec6
https://doi.org/10.1007/978-981-15-5873-3_16#Sec6
https://doi.org/10.1007/978-981-15-5873-3_16#Sec7
https://doi.org/10.1007/978-981-15-5873-3_16#Sec7
https://doi.org/10.1007/978-981-15-5873-3_16#Sec7
https://doi.org/10.1007/978-981-15-5873-3_16#Sec7
https://doi.org/10.1007/978-981-15-5873-3_16#Sec8
https://doi.org/10.1007/978-981-15-5873-3_16#Sec8
https://doi.org/10.1007/978-981-15-5873-3_16#Sec8
https://doi.org/10.1007/978-981-15-5873-3_16#Sec8
https://doi.org/10.1007/978-981-15-5873-3_16#Sec9
https://doi.org/10.1007/978-981-15-5873-3_16#Sec9
https://doi.org/10.1007/978-981-15-5873-3_16#Sec9
https://doi.org/10.1007/978-981-15-5873-3_16#Sec9
https://doi.org/10.1007/978-981-15-5873-3_17
https://doi.org/10.1007/978-981-15-5873-3_17
https://doi.org/10.1007/978-981-15-5873-3_17
https://doi.org/10.1007/978-981-15-5873-3_17
https://doi.org/10.1007/978-981-15-5873-3_17#Sec1
https://doi.org/10.1007/978-981-15-5873-3_17#Sec1
https://doi.org/10.1007/978-981-15-5873-3_17#Sec1
https://doi.org/10.1007/978-981-15-5873-3_17#Sec1
https://doi.org/10.1007/978-981-15-5873-3_17#Sec2
https://doi.org/10.1007/978-981-15-5873-3_17#Sec2
https://doi.org/10.1007/978-981-15-5873-3_17#Sec2
https://doi.org/10.1007/978-981-15-5873-3_17#Sec2
https://doi.org/10.1007/978-981-15-5873-3_17#Sec3
https://doi.org/10.1007/978-981-15-5873-3_17#Sec3
https://doi.org/10.1007/978-981-15-5873-3_17#Sec3
https://doi.org/10.1007/978-981-15-5873-3_17#Sec3
https://doi.org/10.1007/978-981-15-5873-3_17#Sec4
https://doi.org/10.1007/978-981-15-5873-3_17#Sec4
https://doi.org/10.1007/978-981-15-5873-3_17#Sec4
https://doi.org/10.1007/978-981-15-5873-3_17#Sec4
https://doi.org/10.1007/978-981-15-5873-3_17#Sec5
https://doi.org/10.1007/978-981-15-5873-3_17#Sec5
https://doi.org/10.1007/978-981-15-5873-3_17#Sec5
https://doi.org/10.1007/978-981-15-5873-3_17#Sec5
https://doi.org/10.1007/978-981-15-5873-3_17#Sec6
https://doi.org/10.1007/978-981-15-5873-3_17#Sec6
https://doi.org/10.1007/978-981-15-5873-3_17#Sec6
https://doi.org/10.1007/978-981-15-5873-3_17#Sec6
https://doi.org/10.1007/978-981-15-5873-3_17#Sec7
https://doi.org/10.1007/978-981-15-5873-3_17#Sec7
https://doi.org/10.1007/978-981-15-5873-3_17#Sec7
https://doi.org/10.1007/978-981-15-5873-3_17#Sec7
https://doi.org/10.1007/978-981-15-5873-3_17#Sec8
https://doi.org/10.1007/978-981-15-5873-3_17#Sec8
https://doi.org/10.1007/978-981-15-5873-3_17#Sec8
https://doi.org/10.1007/978-981-15-5873-3_17#Sec8
https://doi.org/10.1007/978-981-15-5873-3_17#Sec9
https://doi.org/10.1007/978-981-15-5873-3_17#Sec9
https://doi.org/10.1007/978-981-15-5873-3_17#Sec9
https://doi.org/10.1007/978-981-15-5873-3_17#Sec9
https://doi.org/10.1007/978-981-15-5873-3_17#Sec10
https://doi.org/10.1007/978-981-15-5873-3_17#Sec10
https://doi.org/10.1007/978-981-15-5873-3_17#Sec10
https://doi.org/10.1007/978-981-15-5873-3_17#Sec10
https://doi.org/10.1007/978-981-15-5873-3_17#Sec11
https://doi.org/10.1007/978-981-15-5873-3_17#Sec11
https://doi.org/10.1007/978-981-15-5873-3_17#Sec11
https://doi.org/10.1007/978-981-15-5873-3_17#Sec11
https://doi.org/10.1007/978-981-15-5873-3_17#Sec12
https://doi.org/10.1007/978-981-15-5873-3_17#Sec12
https://doi.org/10.1007/978-981-15-5873-3_17#Sec12
https://doi.org/10.1007/978-981-15-5873-3_17#Sec12
https://doi.org/10.1007/978-981-15-5873-3_17#Sec13
https://doi.org/10.1007/978-981-15-5873-3_17#Sec13
https://doi.org/10.1007/978-981-15-5873-3_17#Sec13
https://doi.org/10.1007/978-981-15-5873-3_17#Sec13
https://doi.org/10.1007/978-981-15-5873-3_17#Sec14
https://doi.org/10.1007/978-981-15-5873-3_17#Sec14
https://doi.org/10.1007/978-981-15-5873-3_17#Sec14
https://doi.org/10.1007/978-981-15-5873-3_17#Sec14
https://doi.org/10.1007/978-981-15-5873-3_17#Sec15
https://doi.org/10.1007/978-981-15-5873-3_17#Sec15
https://doi.org/10.1007/978-981-15-5873-3_17#Sec15
https://doi.org/10.1007/978-981-15-5873-3_17#Sec15
https://doi.org/10.1007/978-981-15-5873-3_17#Sec16
https://doi.org/10.1007/978-981-15-5873-3_17#Sec16
https://doi.org/10.1007/978-981-15-5873-3_17#Sec16
https://doi.org/10.1007/978-981-15-5873-3_17#Sec16
https://doi.org/10.1007/978-981-15-5873-3_17#Sec17
https://doi.org/10.1007/978-981-15-5873-3_17#Sec17
https://doi.org/10.1007/978-981-15-5873-3_17#Sec17
https://doi.org/10.1007/978-981-15-5873-3_17#Sec17
https://doi.org/10.1007/978-981-15-5873-3_17#Sec18
https://doi.org/10.1007/978-981-15-5873-3_17#Sec18
https://doi.org/10.1007/978-981-15-5873-3_17#Sec18
https://doi.org/10.1007/978-981-15-5873-3_17#Sec18
https://doi.org/10.1007/978-981-15-5873-3_17#Sec19
https://doi.org/10.1007/978-981-15-5873-3_17#Sec19
https://doi.org/10.1007/978-981-15-5873-3_17#Sec19
https://doi.org/10.1007/978-981-15-5873-3_17#Sec19
https://doi.org/10.1007/978-981-15-5873-3_18
https://doi.org/10.1007/978-981-15-5873-3_18
https://doi.org/10.1007/978-981-15-5873-3_18
https://doi.org/10.1007/978-981-15-5873-3_18
https://doi.org/10.1007/978-981-15-5873-3_18#Sec1
https://doi.org/10.1007/978-981-15-5873-3_18#Sec1
https://doi.org/10.1007/978-981-15-5873-3_18#Sec1
https://doi.org/10.1007/978-981-15-5873-3_18#Sec1
https://doi.org/10.1007/978-981-15-5873-3_18#Sec2
https://doi.org/10.1007/978-981-15-5873-3_18#Sec2
https://doi.org/10.1007/978-981-15-5873-3_18#Sec2
https://doi.org/10.1007/978-981-15-5873-3_18#Sec2
https://doi.org/10.1007/978-981-15-5873-3_18#Sec3
https://doi.org/10.1007/978-981-15-5873-3_18#Sec3
https://doi.org/10.1007/978-981-15-5873-3_18#Sec3
https://doi.org/10.1007/978-981-15-5873-3_18#Sec3
https://doi.org/10.1007/978-981-15-5873-3_18#Sec4
https://doi.org/10.1007/978-981-15-5873-3_18#Sec4
https://doi.org/10.1007/978-981-15-5873-3_18#Sec4
https://doi.org/10.1007/978-981-15-5873-3_18#Sec4
https://doi.org/10.1007/978-981-15-5873-3_18#Sec5
https://doi.org/10.1007/978-981-15-5873-3_18#Sec5
https://doi.org/10.1007/978-981-15-5873-3_18#Sec5
https://doi.org/10.1007/978-981-15-5873-3_18#Sec5
https://doi.org/10.1007/978-981-15-5873-3_18#Sec6
https://doi.org/10.1007/978-981-15-5873-3_18#Sec6
https://doi.org/10.1007/978-981-15-5873-3_18#Sec6
https://doi.org/10.1007/978-981-15-5873-3_18#Sec6
https://doi.org/10.1007/978-981-15-5873-3_18#Sec7
https://doi.org/10.1007/978-981-15-5873-3_18#Sec7
https://doi.org/10.1007/978-981-15-5873-3_18#Sec7
https://doi.org/10.1007/978-981-15-5873-3_18#Sec7
https://doi.org/10.1007/978-981-15-5873-3_18#Sec8
https://doi.org/10.1007/978-981-15-5873-3_18#Sec8
https://doi.org/10.1007/978-981-15-5873-3_18#Sec8
https://doi.org/10.1007/978-981-15-5873-3_18#Sec8
https://doi.org/10.1007/978-981-15-5873-3_18#Sec9
https://doi.org/10.1007/978-981-15-5873-3_18#Sec9
https://doi.org/10.1007/978-981-15-5873-3_18#Sec9
https://doi.org/10.1007/978-981-15-5873-3_18#Sec9
https://doi.org/10.1007/978-981-15-5873-3_18#Sec10
https://doi.org/10.1007/978-981-15-5873-3_18#Sec10
https://doi.org/10.1007/978-981-15-5873-3_18#Sec10
https://doi.org/10.1007/978-981-15-5873-3_18#Sec10
https://doi.org/10.1007/978-981-15-5873-3_18#Sec11
https://doi.org/10.1007/978-981-15-5873-3_18#Sec11
https://doi.org/10.1007/978-981-15-5873-3_18#Sec11
https://doi.org/10.1007/978-981-15-5873-3_18#Sec11
https://doi.org/10.1007/978-981-15-5873-3_18#Sec12
https://doi.org/10.1007/978-981-15-5873-3_18#Sec12
https://doi.org/10.1007/978-981-15-5873-3_18#Sec12
https://doi.org/10.1007/978-981-15-5873-3_18#Sec12
https://doi.org/10.1007/978-981-15-5873-3_18#Sec13
https://doi.org/10.1007/978-981-15-5873-3_18#Sec13
https://doi.org/10.1007/978-981-15-5873-3_18#Sec13
https://doi.org/10.1007/978-981-15-5873-3_18#Sec13
https://doi.org/10.1007/978-981-15-5873-3_18#Sec14
https://doi.org/10.1007/978-981-15-5873-3_18#Sec14
https://doi.org/10.1007/978-981-15-5873-3_18#Sec14
https://doi.org/10.1007/978-981-15-5873-3_18#Sec14


19 Image Information Security {45} . . . . . . . . . . . . . . . . . . . . . . . . . . 711
19.1 Image Authentication and Forensics {13} . . . . . . . . . . . . . . . 711

19.1.1 Image Authentication {9} . . . . . . . . . . . . . . . . . . . 711
19.1.2 Image Forensics {4} . . . . . . . . . . . . . . . . . . . . . . . 713

19.2 Image Hiding {32} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 713
19.2.1 Information Hiding {6} . . . . . . . . . . . . . . . . . . . . . 713
19.2.2 Image Blending {7} . . . . . . . . . . . . . . . . . . . . . . . 715
19.2.3 Cryptography {10} . . . . . . . . . . . . . . . . . . . . . . . . 717
19.2.4 Other Techniques {9} . . . . . . . . . . . . . . . . . . . . . . 718

20 Color Image Processing {253} . . . . . . . . . . . . . . . . . . . . . . . . . . . . 721
20.1 Colorimetry and Chromaticity Diagram {86} . . . . . . . . . . . . . 721

20.1.1 Colorimetry {19} . . . . . . . . . . . . . . . . . . . . . . . . . 721
20.1.2 Color Chart {15} . . . . . . . . . . . . . . . . . . . . . . . . . 725
20.1.3 Primary and Secondary Color {10} . . . . . . . . . . . . 728
20.1.4 Color Mixing {16} . . . . . . . . . . . . . . . . . . . . . . . . 729
20.1.5 Chromaticity Diagram {13} . . . . . . . . . . . . . . . . . . 732
20.1.6 Diagram Parts {13} . . . . . . . . . . . . . . . . . . . . . . . . 735

20.2 Color Spaces and Models {76} . . . . . . . . . . . . . . . . . . . . . . . 737
20.2.1 Color Models {16} . . . . . . . . . . . . . . . . . . . . . . . . 737
20.2.2 RGB-Based Models {18} . . . . . . . . . . . . . . . . . . . 740
20.2.3 Visual Perception Models {14} . . . . . . . . . . . . . . . 744
20.2.4 CIE Color Models {10} . . . . . . . . . . . . . . . . . . . . . 747
20.2.5 Other Color Models {18} . . . . . . . . . . . . . . . . . . . 750

20.3 Pseudo-color Processing {19} . . . . . . . . . . . . . . . . . . . . . . . . 752
20.3.1 Pseudo-color Enhancement {8} . . . . . . . . . . . . . . . 753
20.3.2 Pseudo-Color Transform {11} . . . . . . . . . . . . . . . . 754

20.4 True Color Processing {72} . . . . . . . . . . . . . . . . . . . . . . . . . 756
20.4.1 True Color Enhancement {15} . . . . . . . . . . . . . . . . 757
20.4.2 Saturation and Hue Enhancement {18} . . . . . . . . . . 759
20.4.3 False Color Enhancement {6} . . . . . . . . . . . . . . . . 762
20.4.4 Color Image Processing {14} . . . . . . . . . . . . . . . . . 763
20.4.5 Color Ordering and Edges {10} . . . . . . . . . . . . . . . 765
20.4.6 Color Image Histogram {9} . . . . . . . . . . . . . . . . . . 769

21 Video Image Processing {191} . . . . . . . . . . . . . . . . . . . . . . . . . . . . 773
21.1 Video {70} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 773

21.1.1 Analog and Digital Video {16} . . . . . . . . . . . . . . . 773
21.1.2 Various Video {15} . . . . . . . . . . . . . . . . . . . . . . . 776
21.1.3 Video Frame {15} . . . . . . . . . . . . . . . . . . . . . . . . . 777
21.1.4 Video Scan and Display {10} . . . . . . . . . . . . . . . . 780
21.1.5 Video Display {14} . . . . . . . . . . . . . . . . . . . . . . . . 781

21.2 Video Terminology {35} . . . . . . . . . . . . . . . . . . . . . . . . . . . 784
21.2.1 Video Terms {16} . . . . . . . . . . . . . . . . . . . . . . . . . 784
21.2.2 Video Processing and Techniques {19} . . . . . . . . . 787

Contents xvii

https://doi.org/10.1007/978-981-15-5873-3_19
https://doi.org/10.1007/978-981-15-5873-3_19
https://doi.org/10.1007/978-981-15-5873-3_19
https://doi.org/10.1007/978-981-15-5873-3_19
https://doi.org/10.1007/978-981-15-5873-3_19#Sec1
https://doi.org/10.1007/978-981-15-5873-3_19#Sec1
https://doi.org/10.1007/978-981-15-5873-3_19#Sec1
https://doi.org/10.1007/978-981-15-5873-3_19#Sec1
https://doi.org/10.1007/978-981-15-5873-3_19#Sec2
https://doi.org/10.1007/978-981-15-5873-3_19#Sec2
https://doi.org/10.1007/978-981-15-5873-3_19#Sec2
https://doi.org/10.1007/978-981-15-5873-3_19#Sec2
https://doi.org/10.1007/978-981-15-5873-3_19#Sec3
https://doi.org/10.1007/978-981-15-5873-3_19#Sec3
https://doi.org/10.1007/978-981-15-5873-3_19#Sec3
https://doi.org/10.1007/978-981-15-5873-3_19#Sec3
https://doi.org/10.1007/978-981-15-5873-3_19#Sec4
https://doi.org/10.1007/978-981-15-5873-3_19#Sec4
https://doi.org/10.1007/978-981-15-5873-3_19#Sec4
https://doi.org/10.1007/978-981-15-5873-3_19#Sec4
https://doi.org/10.1007/978-981-15-5873-3_19#Sec5
https://doi.org/10.1007/978-981-15-5873-3_19#Sec5
https://doi.org/10.1007/978-981-15-5873-3_19#Sec5
https://doi.org/10.1007/978-981-15-5873-3_19#Sec5
https://doi.org/10.1007/978-981-15-5873-3_19#Sec6
https://doi.org/10.1007/978-981-15-5873-3_19#Sec6
https://doi.org/10.1007/978-981-15-5873-3_19#Sec6
https://doi.org/10.1007/978-981-15-5873-3_19#Sec6
https://doi.org/10.1007/978-981-15-5873-3_19#Sec7
https://doi.org/10.1007/978-981-15-5873-3_19#Sec7
https://doi.org/10.1007/978-981-15-5873-3_19#Sec7
https://doi.org/10.1007/978-981-15-5873-3_19#Sec7
https://doi.org/10.1007/978-981-15-5873-3_19#Sec8
https://doi.org/10.1007/978-981-15-5873-3_19#Sec8
https://doi.org/10.1007/978-981-15-5873-3_19#Sec8
https://doi.org/10.1007/978-981-15-5873-3_19#Sec8
https://doi.org/10.1007/978-981-15-5873-3_20
https://doi.org/10.1007/978-981-15-5873-3_20
https://doi.org/10.1007/978-981-15-5873-3_20
https://doi.org/10.1007/978-981-15-5873-3_20
https://doi.org/10.1007/978-981-15-5873-3_20#Sec1
https://doi.org/10.1007/978-981-15-5873-3_20#Sec1
https://doi.org/10.1007/978-981-15-5873-3_20#Sec1
https://doi.org/10.1007/978-981-15-5873-3_20#Sec1
https://doi.org/10.1007/978-981-15-5873-3_20#Sec2
https://doi.org/10.1007/978-981-15-5873-3_20#Sec2
https://doi.org/10.1007/978-981-15-5873-3_20#Sec2
https://doi.org/10.1007/978-981-15-5873-3_20#Sec2
https://doi.org/10.1007/978-981-15-5873-3_20#Sec3
https://doi.org/10.1007/978-981-15-5873-3_20#Sec3
https://doi.org/10.1007/978-981-15-5873-3_20#Sec3
https://doi.org/10.1007/978-981-15-5873-3_20#Sec3
https://doi.org/10.1007/978-981-15-5873-3_20#Sec4
https://doi.org/10.1007/978-981-15-5873-3_20#Sec4
https://doi.org/10.1007/978-981-15-5873-3_20#Sec4
https://doi.org/10.1007/978-981-15-5873-3_20#Sec4
https://doi.org/10.1007/978-981-15-5873-3_20#Sec5
https://doi.org/10.1007/978-981-15-5873-3_20#Sec5
https://doi.org/10.1007/978-981-15-5873-3_20#Sec5
https://doi.org/10.1007/978-981-15-5873-3_20#Sec5
https://doi.org/10.1007/978-981-15-5873-3_20#Sec6
https://doi.org/10.1007/978-981-15-5873-3_20#Sec6
https://doi.org/10.1007/978-981-15-5873-3_20#Sec6
https://doi.org/10.1007/978-981-15-5873-3_20#Sec6
https://doi.org/10.1007/978-981-15-5873-3_20#Sec7
https://doi.org/10.1007/978-981-15-5873-3_20#Sec7
https://doi.org/10.1007/978-981-15-5873-3_20#Sec7
https://doi.org/10.1007/978-981-15-5873-3_20#Sec7
https://doi.org/10.1007/978-981-15-5873-3_20#Sec8
https://doi.org/10.1007/978-981-15-5873-3_20#Sec8
https://doi.org/10.1007/978-981-15-5873-3_20#Sec8
https://doi.org/10.1007/978-981-15-5873-3_20#Sec8
https://doi.org/10.1007/978-981-15-5873-3_20#Sec9
https://doi.org/10.1007/978-981-15-5873-3_20#Sec9
https://doi.org/10.1007/978-981-15-5873-3_20#Sec9
https://doi.org/10.1007/978-981-15-5873-3_20#Sec9
https://doi.org/10.1007/978-981-15-5873-3_20#Sec10
https://doi.org/10.1007/978-981-15-5873-3_20#Sec10
https://doi.org/10.1007/978-981-15-5873-3_20#Sec10
https://doi.org/10.1007/978-981-15-5873-3_20#Sec10
https://doi.org/10.1007/978-981-15-5873-3_20#Sec11
https://doi.org/10.1007/978-981-15-5873-3_20#Sec11
https://doi.org/10.1007/978-981-15-5873-3_20#Sec11
https://doi.org/10.1007/978-981-15-5873-3_20#Sec11
https://doi.org/10.1007/978-981-15-5873-3_20#Sec12
https://doi.org/10.1007/978-981-15-5873-3_20#Sec12
https://doi.org/10.1007/978-981-15-5873-3_20#Sec12
https://doi.org/10.1007/978-981-15-5873-3_20#Sec12
https://doi.org/10.1007/978-981-15-5873-3_20#Sec13
https://doi.org/10.1007/978-981-15-5873-3_20#Sec13
https://doi.org/10.1007/978-981-15-5873-3_20#Sec13
https://doi.org/10.1007/978-981-15-5873-3_20#Sec13
https://doi.org/10.1007/978-981-15-5873-3_20#Sec14
https://doi.org/10.1007/978-981-15-5873-3_20#Sec14
https://doi.org/10.1007/978-981-15-5873-3_20#Sec14
https://doi.org/10.1007/978-981-15-5873-3_20#Sec14
https://doi.org/10.1007/978-981-15-5873-3_20#Sec15
https://doi.org/10.1007/978-981-15-5873-3_20#Sec15
https://doi.org/10.1007/978-981-15-5873-3_20#Sec15
https://doi.org/10.1007/978-981-15-5873-3_20#Sec15
https://doi.org/10.1007/978-981-15-5873-3_20#Sec16
https://doi.org/10.1007/978-981-15-5873-3_20#Sec16
https://doi.org/10.1007/978-981-15-5873-3_20#Sec16
https://doi.org/10.1007/978-981-15-5873-3_20#Sec16
https://doi.org/10.1007/978-981-15-5873-3_20#Sec17
https://doi.org/10.1007/978-981-15-5873-3_20#Sec17
https://doi.org/10.1007/978-981-15-5873-3_20#Sec17
https://doi.org/10.1007/978-981-15-5873-3_20#Sec17
https://doi.org/10.1007/978-981-15-5873-3_20#Sec18
https://doi.org/10.1007/978-981-15-5873-3_20#Sec18
https://doi.org/10.1007/978-981-15-5873-3_20#Sec18
https://doi.org/10.1007/978-981-15-5873-3_20#Sec18
https://doi.org/10.1007/978-981-15-5873-3_20#Sec19
https://doi.org/10.1007/978-981-15-5873-3_20#Sec19
https://doi.org/10.1007/978-981-15-5873-3_20#Sec19
https://doi.org/10.1007/978-981-15-5873-3_20#Sec19
https://doi.org/10.1007/978-981-15-5873-3_20#Sec20
https://doi.org/10.1007/978-981-15-5873-3_20#Sec20
https://doi.org/10.1007/978-981-15-5873-3_20#Sec20
https://doi.org/10.1007/978-981-15-5873-3_20#Sec20
https://doi.org/10.1007/978-981-15-5873-3_20#Sec21
https://doi.org/10.1007/978-981-15-5873-3_20#Sec21
https://doi.org/10.1007/978-981-15-5873-3_20#Sec21
https://doi.org/10.1007/978-981-15-5873-3_20#Sec21
https://doi.org/10.1007/978-981-15-5873-3_20#Sec22
https://doi.org/10.1007/978-981-15-5873-3_20#Sec22
https://doi.org/10.1007/978-981-15-5873-3_20#Sec22
https://doi.org/10.1007/978-981-15-5873-3_20#Sec22
https://doi.org/10.1007/978-981-15-5873-3_20#Sec23
https://doi.org/10.1007/978-981-15-5873-3_20#Sec23
https://doi.org/10.1007/978-981-15-5873-3_20#Sec23
https://doi.org/10.1007/978-981-15-5873-3_20#Sec23
https://doi.org/10.1007/978-981-15-5873-3_21
https://doi.org/10.1007/978-981-15-5873-3_21
https://doi.org/10.1007/978-981-15-5873-3_21
https://doi.org/10.1007/978-981-15-5873-3_21
https://doi.org/10.1007/978-981-15-5873-3_21#Sec1
https://doi.org/10.1007/978-981-15-5873-3_21#Sec1
https://doi.org/10.1007/978-981-15-5873-3_21#Sec1
https://doi.org/10.1007/978-981-15-5873-3_21#Sec1
https://doi.org/10.1007/978-981-15-5873-3_21#Sec2
https://doi.org/10.1007/978-981-15-5873-3_21#Sec2
https://doi.org/10.1007/978-981-15-5873-3_21#Sec2
https://doi.org/10.1007/978-981-15-5873-3_21#Sec2
https://doi.org/10.1007/978-981-15-5873-3_21#Sec3
https://doi.org/10.1007/978-981-15-5873-3_21#Sec3
https://doi.org/10.1007/978-981-15-5873-3_21#Sec3
https://doi.org/10.1007/978-981-15-5873-3_21#Sec3
https://doi.org/10.1007/978-981-15-5873-3_21#Sec4
https://doi.org/10.1007/978-981-15-5873-3_21#Sec4
https://doi.org/10.1007/978-981-15-5873-3_21#Sec4
https://doi.org/10.1007/978-981-15-5873-3_21#Sec4
https://doi.org/10.1007/978-981-15-5873-3_21#Sec5
https://doi.org/10.1007/978-981-15-5873-3_21#Sec5
https://doi.org/10.1007/978-981-15-5873-3_21#Sec5
https://doi.org/10.1007/978-981-15-5873-3_21#Sec5
https://doi.org/10.1007/978-981-15-5873-3_21#Sec6
https://doi.org/10.1007/978-981-15-5873-3_21#Sec6
https://doi.org/10.1007/978-981-15-5873-3_21#Sec6
https://doi.org/10.1007/978-981-15-5873-3_21#Sec6
https://doi.org/10.1007/978-981-15-5873-3_21#Sec7
https://doi.org/10.1007/978-981-15-5873-3_21#Sec7
https://doi.org/10.1007/978-981-15-5873-3_21#Sec7
https://doi.org/10.1007/978-981-15-5873-3_21#Sec7
https://doi.org/10.1007/978-981-15-5873-3_21#Sec8
https://doi.org/10.1007/978-981-15-5873-3_21#Sec8
https://doi.org/10.1007/978-981-15-5873-3_21#Sec8
https://doi.org/10.1007/978-981-15-5873-3_21#Sec8
https://doi.org/10.1007/978-981-15-5873-3_21#Sec9
https://doi.org/10.1007/978-981-15-5873-3_21#Sec9
https://doi.org/10.1007/978-981-15-5873-3_21#Sec9
https://doi.org/10.1007/978-981-15-5873-3_21#Sec9


21.3 Video Enhancement {31} . . . . . . . . . . . . . . . . . . . . . . . . . . . 790
21.3.1 Video Enhancement {12} . . . . . . . . . . . . . . . . . . . 790
21.3.2 Motion-Based Filtering {11} . . . . . . . . . . . . . . . . . 792
21.3.3 Block Matching {8} . . . . . . . . . . . . . . . . . . . . . . . 793

21.4 Video Coding {40} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 796
21.4.1 Video Codec {16} . . . . . . . . . . . . . . . . . . . . . . . . . 796
21.4.2 Intra-frame Coding {7} . . . . . . . . . . . . . . . . . . . . . 798
21.4.3 Inter-frame Coding {17} . . . . . . . . . . . . . . . . . . . . 799

21.5 Video Computation {15} . . . . . . . . . . . . . . . . . . . . . . . . . . . 803
21.5.1 Image Sequence {6} . . . . . . . . . . . . . . . . . . . . . . . . . . 803

21.5.2 Video Analysis {9} . . . . . . . . . . . . . . . . . . . . . . . . 804

22 Multi-resolution Image {75} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 807
22.1 Multi-resolution and Super-Resolution {24} . . . . . . . . . . . . . 807

22.1.1 Multi-resolution {16} . . . . . . . . . . . . . . . . . . . . . . 807
22.1.2 Super-Resolution {8} . . . . . . . . . . . . . . . . . . . . . . 809

22.2 Multi-scale Images {26} . . . . . . . . . . . . . . . . . . . . . . . . . . . 811
22.2.1 Multi-scales {13} . . . . . . . . . . . . . . . . . . . . . . . . . 811
22.2.2 Multi-scale Space {7} . . . . . . . . . . . . . . . . . . . . . . 814
22.2.3 Multi-scale Transform {6} . . . . . . . . . . . . . . . . . . . 815

22.3 Image Pyramid {25} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 817
22.3.1 Pyramid Structure {18} . . . . . . . . . . . . . . . . . . . . . 817
22.3.2 Gaussian and Laplacian Pyramids {7} . . . . . . . . . . 820

Part III Image Analysis

23 Segmentation Introduction {195} . . . . . . . . . . . . . . . . . . . . . . . . . . 825
23.1 Segmentation Overview {61} . . . . . . . . . . . . . . . . . . . . . . . . 825

23.1.1 Segmentation Definition {16} . . . . . . . . . . . . . . . . 825
23.1.2 Object and Background {12} . . . . . . . . . . . . . . . . . 829
23.1.3 Method Classification {14} . . . . . . . . . . . . . . . . . . 831
23.1.4 Various Strategies {19} . . . . . . . . . . . . . . . . . . . . . 834

23.2 Primitive Unit Detection {60} . . . . . . . . . . . . . . . . . . . . . . . 836
23.2.1 Point Detection {20} . . . . . . . . . . . . . . . . . . . . . . . 837
23.2.2 Corner Detection {20} . . . . . . . . . . . . . . . . . . . . . . 840
23.2.3 Line Detection {13} . . . . . . . . . . . . . . . . . . . . . . . 843
23.2.4 Curve Detection {7} . . . . . . . . . . . . . . . . . . . . . . . 846

23.3 Geometric Unit Detection {50} . . . . . . . . . . . . . . . . . . . . . . . 846
23.3.1 Bar Detection {8} . . . . . . . . . . . . . . . . . . . . . . . . . 847
23.3.2 Circle and Ellipse Detection {10} . . . . . . . . . . . . . . 847
23.3.3 Object Contour {13} . . . . . . . . . . . . . . . . . . . . . . . 849
23.3.4 Hough Transform {19} . . . . . . . . . . . . . . . . . . . . . 850

23.4 Image Matting {24} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 854
23.4.1 Matting Basics {9} . . . . . . . . . . . . . . . . . . . . . . . . 854
23.4.2 Matting Techniques {15} . . . . . . . . . . . . . . . . . . . . 855

xviii Contents

https://doi.org/10.1007/978-981-15-5873-3_21#Sec10
https://doi.org/10.1007/978-981-15-5873-3_21#Sec10
https://doi.org/10.1007/978-981-15-5873-3_21#Sec10
https://doi.org/10.1007/978-981-15-5873-3_21#Sec10
https://doi.org/10.1007/978-981-15-5873-3_21#Sec11
https://doi.org/10.1007/978-981-15-5873-3_21#Sec11
https://doi.org/10.1007/978-981-15-5873-3_21#Sec11
https://doi.org/10.1007/978-981-15-5873-3_21#Sec11
https://doi.org/10.1007/978-981-15-5873-3_21#Sec12
https://doi.org/10.1007/978-981-15-5873-3_21#Sec12
https://doi.org/10.1007/978-981-15-5873-3_21#Sec12
https://doi.org/10.1007/978-981-15-5873-3_21#Sec12
https://doi.org/10.1007/978-981-15-5873-3_21#Sec13
https://doi.org/10.1007/978-981-15-5873-3_21#Sec13
https://doi.org/10.1007/978-981-15-5873-3_21#Sec13
https://doi.org/10.1007/978-981-15-5873-3_21#Sec13
https://doi.org/10.1007/978-981-15-5873-3_21#Sec14
https://doi.org/10.1007/978-981-15-5873-3_21#Sec14
https://doi.org/10.1007/978-981-15-5873-3_21#Sec14
https://doi.org/10.1007/978-981-15-5873-3_21#Sec14
https://doi.org/10.1007/978-981-15-5873-3_21#Sec15
https://doi.org/10.1007/978-981-15-5873-3_21#Sec15
https://doi.org/10.1007/978-981-15-5873-3_21#Sec15
https://doi.org/10.1007/978-981-15-5873-3_21#Sec15
https://doi.org/10.1007/978-981-15-5873-3_21#Sec16
https://doi.org/10.1007/978-981-15-5873-3_21#Sec16
https://doi.org/10.1007/978-981-15-5873-3_21#Sec16
https://doi.org/10.1007/978-981-15-5873-3_21#Sec16
https://doi.org/10.1007/978-981-15-5873-3_21#Sec17
https://doi.org/10.1007/978-981-15-5873-3_21#Sec17
https://doi.org/10.1007/978-981-15-5873-3_21#Sec17
https://doi.org/10.1007/978-981-15-5873-3_21#Sec17
https://doi.org/10.1007/978-981-15-5873-3_21#Sec18
https://doi.org/10.1007/978-981-15-5873-3_21#Sec18
https://doi.org/10.1007/978-981-15-5873-3_21#Sec18
https://doi.org/10.1007/978-981-15-5873-3_21#Sec18
https://doi.org/10.1007/978-981-15-5873-3_21#Sec19
https://doi.org/10.1007/978-981-15-5873-3_21#Sec19
https://doi.org/10.1007/978-981-15-5873-3_21#Sec19
https://doi.org/10.1007/978-981-15-5873-3_21#Sec19
https://doi.org/10.1007/978-981-15-5873-3_21#Sec20
https://doi.org/10.1007/978-981-15-5873-3_21#Sec20
https://doi.org/10.1007/978-981-15-5873-3_21#Sec20
https://doi.org/10.1007/978-981-15-5873-3_21#Sec20
https://doi.org/10.1007/978-981-15-5873-3_22
https://doi.org/10.1007/978-981-15-5873-3_22
https://doi.org/10.1007/978-981-15-5873-3_22
https://doi.org/10.1007/978-981-15-5873-3_22
https://doi.org/10.1007/978-981-15-5873-3_22#Sec1
https://doi.org/10.1007/978-981-15-5873-3_22#Sec1
https://doi.org/10.1007/978-981-15-5873-3_22#Sec1
https://doi.org/10.1007/978-981-15-5873-3_22#Sec1
https://doi.org/10.1007/978-981-15-5873-3_22#Sec2
https://doi.org/10.1007/978-981-15-5873-3_22#Sec2
https://doi.org/10.1007/978-981-15-5873-3_22#Sec2
https://doi.org/10.1007/978-981-15-5873-3_22#Sec2
https://doi.org/10.1007/978-981-15-5873-3_22#Sec3
https://doi.org/10.1007/978-981-15-5873-3_22#Sec3
https://doi.org/10.1007/978-981-15-5873-3_22#Sec3
https://doi.org/10.1007/978-981-15-5873-3_22#Sec3
https://doi.org/10.1007/978-981-15-5873-3_22#Sec4
https://doi.org/10.1007/978-981-15-5873-3_22#Sec4
https://doi.org/10.1007/978-981-15-5873-3_22#Sec4
https://doi.org/10.1007/978-981-15-5873-3_22#Sec4
https://doi.org/10.1007/978-981-15-5873-3_22#Sec5
https://doi.org/10.1007/978-981-15-5873-3_22#Sec5
https://doi.org/10.1007/978-981-15-5873-3_22#Sec5
https://doi.org/10.1007/978-981-15-5873-3_22#Sec5
https://doi.org/10.1007/978-981-15-5873-3_22#Sec6
https://doi.org/10.1007/978-981-15-5873-3_22#Sec6
https://doi.org/10.1007/978-981-15-5873-3_22#Sec6
https://doi.org/10.1007/978-981-15-5873-3_22#Sec6
https://doi.org/10.1007/978-981-15-5873-3_22#Sec7
https://doi.org/10.1007/978-981-15-5873-3_22#Sec7
https://doi.org/10.1007/978-981-15-5873-3_22#Sec7
https://doi.org/10.1007/978-981-15-5873-3_22#Sec7
https://doi.org/10.1007/978-981-15-5873-3_22#Sec8
https://doi.org/10.1007/978-981-15-5873-3_22#Sec8
https://doi.org/10.1007/978-981-15-5873-3_22#Sec8
https://doi.org/10.1007/978-981-15-5873-3_22#Sec8
https://doi.org/10.1007/978-981-15-5873-3_22#Sec9
https://doi.org/10.1007/978-981-15-5873-3_22#Sec9
https://doi.org/10.1007/978-981-15-5873-3_22#Sec9
https://doi.org/10.1007/978-981-15-5873-3_22#Sec9
https://doi.org/10.1007/978-981-15-5873-3_22#Sec10
https://doi.org/10.1007/978-981-15-5873-3_22#Sec10
https://doi.org/10.1007/978-981-15-5873-3_22#Sec10
https://doi.org/10.1007/978-981-15-5873-3_22#Sec10
https://doi.org/10.1007/978-981-15-5873-3_23
https://doi.org/10.1007/978-981-15-5873-3_23
https://doi.org/10.1007/978-981-15-5873-3_23
https://doi.org/10.1007/978-981-15-5873-3_23
https://doi.org/10.1007/978-981-15-5873-3_23#Sec1
https://doi.org/10.1007/978-981-15-5873-3_23#Sec1
https://doi.org/10.1007/978-981-15-5873-3_23#Sec1
https://doi.org/10.1007/978-981-15-5873-3_23#Sec1
https://doi.org/10.1007/978-981-15-5873-3_23#Sec2
https://doi.org/10.1007/978-981-15-5873-3_23#Sec2
https://doi.org/10.1007/978-981-15-5873-3_23#Sec2
https://doi.org/10.1007/978-981-15-5873-3_23#Sec2
https://doi.org/10.1007/978-981-15-5873-3_23#Sec3
https://doi.org/10.1007/978-981-15-5873-3_23#Sec3
https://doi.org/10.1007/978-981-15-5873-3_23#Sec3
https://doi.org/10.1007/978-981-15-5873-3_23#Sec3
https://doi.org/10.1007/978-981-15-5873-3_23#Sec4
https://doi.org/10.1007/978-981-15-5873-3_23#Sec4
https://doi.org/10.1007/978-981-15-5873-3_23#Sec4
https://doi.org/10.1007/978-981-15-5873-3_23#Sec4
https://doi.org/10.1007/978-981-15-5873-3_23#Sec5
https://doi.org/10.1007/978-981-15-5873-3_23#Sec5
https://doi.org/10.1007/978-981-15-5873-3_23#Sec5
https://doi.org/10.1007/978-981-15-5873-3_23#Sec5
https://doi.org/10.1007/978-981-15-5873-3_23#Sec6
https://doi.org/10.1007/978-981-15-5873-3_23#Sec6
https://doi.org/10.1007/978-981-15-5873-3_23#Sec6
https://doi.org/10.1007/978-981-15-5873-3_23#Sec6
https://doi.org/10.1007/978-981-15-5873-3_23#Sec7
https://doi.org/10.1007/978-981-15-5873-3_23#Sec7
https://doi.org/10.1007/978-981-15-5873-3_23#Sec7
https://doi.org/10.1007/978-981-15-5873-3_23#Sec7
https://doi.org/10.1007/978-981-15-5873-3_23#Sec8
https://doi.org/10.1007/978-981-15-5873-3_23#Sec8
https://doi.org/10.1007/978-981-15-5873-3_23#Sec8
https://doi.org/10.1007/978-981-15-5873-3_23#Sec8
https://doi.org/10.1007/978-981-15-5873-3_23#Sec9
https://doi.org/10.1007/978-981-15-5873-3_23#Sec9
https://doi.org/10.1007/978-981-15-5873-3_23#Sec9
https://doi.org/10.1007/978-981-15-5873-3_23#Sec9
https://doi.org/10.1007/978-981-15-5873-3_23#Sec10
https://doi.org/10.1007/978-981-15-5873-3_23#Sec10
https://doi.org/10.1007/978-981-15-5873-3_23#Sec10
https://doi.org/10.1007/978-981-15-5873-3_23#Sec10
https://doi.org/10.1007/978-981-15-5873-3_23#Sec11
https://doi.org/10.1007/978-981-15-5873-3_23#Sec11
https://doi.org/10.1007/978-981-15-5873-3_23#Sec11
https://doi.org/10.1007/978-981-15-5873-3_23#Sec11
https://doi.org/10.1007/978-981-15-5873-3_23#Sec12
https://doi.org/10.1007/978-981-15-5873-3_23#Sec12
https://doi.org/10.1007/978-981-15-5873-3_23#Sec12
https://doi.org/10.1007/978-981-15-5873-3_23#Sec12
https://doi.org/10.1007/978-981-15-5873-3_23#Sec13
https://doi.org/10.1007/978-981-15-5873-3_23#Sec13
https://doi.org/10.1007/978-981-15-5873-3_23#Sec13
https://doi.org/10.1007/978-981-15-5873-3_23#Sec13
https://doi.org/10.1007/978-981-15-5873-3_23#Sec14
https://doi.org/10.1007/978-981-15-5873-3_23#Sec14
https://doi.org/10.1007/978-981-15-5873-3_23#Sec14
https://doi.org/10.1007/978-981-15-5873-3_23#Sec14
https://doi.org/10.1007/978-981-15-5873-3_23#Sec15
https://doi.org/10.1007/978-981-15-5873-3_23#Sec15
https://doi.org/10.1007/978-981-15-5873-3_23#Sec15
https://doi.org/10.1007/978-981-15-5873-3_23#Sec15
https://doi.org/10.1007/978-981-15-5873-3_23#Sec16
https://doi.org/10.1007/978-981-15-5873-3_23#Sec16
https://doi.org/10.1007/978-981-15-5873-3_23#Sec16
https://doi.org/10.1007/978-981-15-5873-3_23#Sec16
https://doi.org/10.1007/978-981-15-5873-3_23#Sec17
https://doi.org/10.1007/978-981-15-5873-3_23#Sec17
https://doi.org/10.1007/978-981-15-5873-3_23#Sec17
https://doi.org/10.1007/978-981-15-5873-3_23#Sec17
https://doi.org/10.1007/978-981-15-5873-3_23#Sec18
https://doi.org/10.1007/978-981-15-5873-3_23#Sec18
https://doi.org/10.1007/978-981-15-5873-3_23#Sec18
https://doi.org/10.1007/978-981-15-5873-3_23#Sec18


24 Edge Detection {157} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 859
24.1 Principle {25} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 859

24.1.1 Edge Detection {17} . . . . . . . . . . . . . . . . . . . . . . . 859
24.1.2 Sub-pixel Edge {8} . . . . . . . . . . . . . . . . . . . . . . . . 863

24.2 Various Edges {28} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 868
24.2.1 Type of Edge {13} . . . . . . . . . . . . . . . . . . . . . . . . 868
24.2.2 Edge Description {15} . . . . . . . . . . . . . . . . . . . . . 871

24.3 Gradients and Gradient Operators {57} . . . . . . . . . . . . . . . . . 874
24.3.1 Gradient Computation {9} . . . . . . . . . . . . . . . . . . . 875
24.3.2 Differential Edge Detector {13} . . . . . . . . . . . . . . . 876
24.3.3 Gradient Operators {12} . . . . . . . . . . . . . . . . . . . . 881
24.3.4 Particle Gradient Operators {12} . . . . . . . . . . . . . . 883
24.3.5 Orientation Detection {11} . . . . . . . . . . . . . . . . . . 885

24.4 High-Order Detectors {47} . . . . . . . . . . . . . . . . . . . . . . . . . . 888
24.4.1 Second-Derivative Detectors {20} . . . . . . . . . . . . . 888
24.4.2 Gaussian-Laplacian Detectors {11} . . . . . . . . . . . . 893
24.4.3 Other Detectors {16} . . . . . . . . . . . . . . . . . . . . . . . 897

25 Object Segmentation Methods {245} . . . . . . . . . . . . . . . . . . . . . . . 901
25.1 Parallel-Boundary Techniques {40} . . . . . . . . . . . . . . . . . . . 901

25.1.1 Boundary Segmentation {15} . . . . . . . . . . . . . . . . . 901
25.1.2 Boundary Points {13} . . . . . . . . . . . . . . . . . . . . . . 903
25.1.3 Boundary Thinning Techniques {12} . . . . . . . . . . . 905

25.2 Sequential-Boundary Techniques {90} . . . . . . . . . . . . . . . . . 909
25.2.1 Basic Techniques {7} . . . . . . . . . . . . . . . . . . . . . . 909
25.2.2 Graph Search {19} . . . . . . . . . . . . . . . . . . . . . . . . 910
25.2.3 Active Contour {13} . . . . . . . . . . . . . . . . . . . . . . . 913
25.2.4 Snake {18} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 914
25.2.5 General Active Contour {13} . . . . . . . . . . . . . . . . . 918
25.2.6 Graph Cut {20} . . . . . . . . . . . . . . . . . . . . . . . . . . 920

25.3 Parallel-Region Techniques {58} . . . . . . . . . . . . . . . . . . . . . 923
25.3.1 Thresholding {17} . . . . . . . . . . . . . . . . . . . . . . . . 923
25.3.2 Global Thresholding Techniques {12} . . . . . . . . . . 927
25.3.3 Local Thresholding Techniques {13} . . . . . . . . . . . 930
25.3.4 Clustering and Mean Shift {16} . . . . . . . . . . . . . . . 933

25.4 Sequential-Region Techniques {40} . . . . . . . . . . . . . . . . . . . 937
25.4.1 Region Growing {18} . . . . . . . . . . . . . . . . . . . . . . 937
25.4.2 Watershed {12} . . . . . . . . . . . . . . . . . . . . . . . . . . 942
25.4.3 Level Set {10} . . . . . . . . . . . . . . . . . . . . . . . . . . . 945

25.5 More Segmentation Techniques {17} . . . . . . . . . . . . . . . . . . 947

26 Segmentation Evaluation {64} . . . . . . . . . . . . . . . . . . . . . . . . . . . . 953
26.1 Evaluation Scheme and Framework {13} . . . . . . . . . . . . . . . 953
26.2 Evaluation Methods and Criteria {46} . . . . . . . . . . . . . . . . . . 957

26.2.1 Analytical Methods and Criteria {11} . . . . . . . . . . . 957

Contents xix

https://doi.org/10.1007/978-981-15-5873-3_24
https://doi.org/10.1007/978-981-15-5873-3_24
https://doi.org/10.1007/978-981-15-5873-3_24
https://doi.org/10.1007/978-981-15-5873-3_24
https://doi.org/10.1007/978-981-15-5873-3_24#Sec1
https://doi.org/10.1007/978-981-15-5873-3_24#Sec1
https://doi.org/10.1007/978-981-15-5873-3_24#Sec1
https://doi.org/10.1007/978-981-15-5873-3_24#Sec1
https://doi.org/10.1007/978-981-15-5873-3_24#Sec2
https://doi.org/10.1007/978-981-15-5873-3_24#Sec2
https://doi.org/10.1007/978-981-15-5873-3_24#Sec2
https://doi.org/10.1007/978-981-15-5873-3_24#Sec2
https://doi.org/10.1007/978-981-15-5873-3_24#Sec3
https://doi.org/10.1007/978-981-15-5873-3_24#Sec3
https://doi.org/10.1007/978-981-15-5873-3_24#Sec3
https://doi.org/10.1007/978-981-15-5873-3_24#Sec3
https://doi.org/10.1007/978-981-15-5873-3_24#Sec4
https://doi.org/10.1007/978-981-15-5873-3_24#Sec4
https://doi.org/10.1007/978-981-15-5873-3_24#Sec4
https://doi.org/10.1007/978-981-15-5873-3_24#Sec4
https://doi.org/10.1007/978-981-15-5873-3_24#Sec5
https://doi.org/10.1007/978-981-15-5873-3_24#Sec5
https://doi.org/10.1007/978-981-15-5873-3_24#Sec5
https://doi.org/10.1007/978-981-15-5873-3_24#Sec5
https://doi.org/10.1007/978-981-15-5873-3_24#Sec6
https://doi.org/10.1007/978-981-15-5873-3_24#Sec6
https://doi.org/10.1007/978-981-15-5873-3_24#Sec6
https://doi.org/10.1007/978-981-15-5873-3_24#Sec6
https://doi.org/10.1007/978-981-15-5873-3_24#Sec7
https://doi.org/10.1007/978-981-15-5873-3_24#Sec7
https://doi.org/10.1007/978-981-15-5873-3_24#Sec7
https://doi.org/10.1007/978-981-15-5873-3_24#Sec7
https://doi.org/10.1007/978-981-15-5873-3_24#Sec8
https://doi.org/10.1007/978-981-15-5873-3_24#Sec8
https://doi.org/10.1007/978-981-15-5873-3_24#Sec8
https://doi.org/10.1007/978-981-15-5873-3_24#Sec8
https://doi.org/10.1007/978-981-15-5873-3_24#Sec9
https://doi.org/10.1007/978-981-15-5873-3_24#Sec9
https://doi.org/10.1007/978-981-15-5873-3_24#Sec9
https://doi.org/10.1007/978-981-15-5873-3_24#Sec9
https://doi.org/10.1007/978-981-15-5873-3_24#Sec10
https://doi.org/10.1007/978-981-15-5873-3_24#Sec10
https://doi.org/10.1007/978-981-15-5873-3_24#Sec10
https://doi.org/10.1007/978-981-15-5873-3_24#Sec10
https://doi.org/10.1007/978-981-15-5873-3_24#Sec11
https://doi.org/10.1007/978-981-15-5873-3_24#Sec11
https://doi.org/10.1007/978-981-15-5873-3_24#Sec11
https://doi.org/10.1007/978-981-15-5873-3_24#Sec11
https://doi.org/10.1007/978-981-15-5873-3_24#Sec12
https://doi.org/10.1007/978-981-15-5873-3_24#Sec12
https://doi.org/10.1007/978-981-15-5873-3_24#Sec12
https://doi.org/10.1007/978-981-15-5873-3_24#Sec12
https://doi.org/10.1007/978-981-15-5873-3_24#Sec13
https://doi.org/10.1007/978-981-15-5873-3_24#Sec13
https://doi.org/10.1007/978-981-15-5873-3_24#Sec13
https://doi.org/10.1007/978-981-15-5873-3_24#Sec13
https://doi.org/10.1007/978-981-15-5873-3_24#Sec14
https://doi.org/10.1007/978-981-15-5873-3_24#Sec14
https://doi.org/10.1007/978-981-15-5873-3_24#Sec14
https://doi.org/10.1007/978-981-15-5873-3_24#Sec14
https://doi.org/10.1007/978-981-15-5873-3_24#Sec15
https://doi.org/10.1007/978-981-15-5873-3_24#Sec15
https://doi.org/10.1007/978-981-15-5873-3_24#Sec15
https://doi.org/10.1007/978-981-15-5873-3_24#Sec15
https://doi.org/10.1007/978-981-15-5873-3_24#Sec16
https://doi.org/10.1007/978-981-15-5873-3_24#Sec16
https://doi.org/10.1007/978-981-15-5873-3_24#Sec16
https://doi.org/10.1007/978-981-15-5873-3_24#Sec16
https://doi.org/10.1007/978-981-15-5873-3_25
https://doi.org/10.1007/978-981-15-5873-3_25
https://doi.org/10.1007/978-981-15-5873-3_25
https://doi.org/10.1007/978-981-15-5873-3_25
https://doi.org/10.1007/978-981-15-5873-3_25#Sec1
https://doi.org/10.1007/978-981-15-5873-3_25#Sec1
https://doi.org/10.1007/978-981-15-5873-3_25#Sec1
https://doi.org/10.1007/978-981-15-5873-3_25#Sec1
https://doi.org/10.1007/978-981-15-5873-3_25#Sec2
https://doi.org/10.1007/978-981-15-5873-3_25#Sec2
https://doi.org/10.1007/978-981-15-5873-3_25#Sec2
https://doi.org/10.1007/978-981-15-5873-3_25#Sec2
https://doi.org/10.1007/978-981-15-5873-3_25#Sec3
https://doi.org/10.1007/978-981-15-5873-3_25#Sec3
https://doi.org/10.1007/978-981-15-5873-3_25#Sec3
https://doi.org/10.1007/978-981-15-5873-3_25#Sec3
https://doi.org/10.1007/978-981-15-5873-3_25#Sec4
https://doi.org/10.1007/978-981-15-5873-3_25#Sec4
https://doi.org/10.1007/978-981-15-5873-3_25#Sec4
https://doi.org/10.1007/978-981-15-5873-3_25#Sec4
https://doi.org/10.1007/978-981-15-5873-3_25#Sec5
https://doi.org/10.1007/978-981-15-5873-3_25#Sec5
https://doi.org/10.1007/978-981-15-5873-3_25#Sec5
https://doi.org/10.1007/978-981-15-5873-3_25#Sec5
https://doi.org/10.1007/978-981-15-5873-3_25#Sec6
https://doi.org/10.1007/978-981-15-5873-3_25#Sec6
https://doi.org/10.1007/978-981-15-5873-3_25#Sec6
https://doi.org/10.1007/978-981-15-5873-3_25#Sec6
https://doi.org/10.1007/978-981-15-5873-3_25#Sec7
https://doi.org/10.1007/978-981-15-5873-3_25#Sec7
https://doi.org/10.1007/978-981-15-5873-3_25#Sec7
https://doi.org/10.1007/978-981-15-5873-3_25#Sec7
https://doi.org/10.1007/978-981-15-5873-3_25#Sec8
https://doi.org/10.1007/978-981-15-5873-3_25#Sec8
https://doi.org/10.1007/978-981-15-5873-3_25#Sec8
https://doi.org/10.1007/978-981-15-5873-3_25#Sec8
https://doi.org/10.1007/978-981-15-5873-3_25#Sec9
https://doi.org/10.1007/978-981-15-5873-3_25#Sec9
https://doi.org/10.1007/978-981-15-5873-3_25#Sec9
https://doi.org/10.1007/978-981-15-5873-3_25#Sec9
https://doi.org/10.1007/978-981-15-5873-3_25#Sec10
https://doi.org/10.1007/978-981-15-5873-3_25#Sec10
https://doi.org/10.1007/978-981-15-5873-3_25#Sec10
https://doi.org/10.1007/978-981-15-5873-3_25#Sec10
https://doi.org/10.1007/978-981-15-5873-3_25#Sec11
https://doi.org/10.1007/978-981-15-5873-3_25#Sec11
https://doi.org/10.1007/978-981-15-5873-3_25#Sec11
https://doi.org/10.1007/978-981-15-5873-3_25#Sec11
https://doi.org/10.1007/978-981-15-5873-3_25#Sec12
https://doi.org/10.1007/978-981-15-5873-3_25#Sec12
https://doi.org/10.1007/978-981-15-5873-3_25#Sec12
https://doi.org/10.1007/978-981-15-5873-3_25#Sec12
https://doi.org/10.1007/978-981-15-5873-3_25#Sec13
https://doi.org/10.1007/978-981-15-5873-3_25#Sec13
https://doi.org/10.1007/978-981-15-5873-3_25#Sec13
https://doi.org/10.1007/978-981-15-5873-3_25#Sec13
https://doi.org/10.1007/978-981-15-5873-3_25#Sec14
https://doi.org/10.1007/978-981-15-5873-3_25#Sec14
https://doi.org/10.1007/978-981-15-5873-3_25#Sec14
https://doi.org/10.1007/978-981-15-5873-3_25#Sec14
https://doi.org/10.1007/978-981-15-5873-3_25#Sec15
https://doi.org/10.1007/978-981-15-5873-3_25#Sec15
https://doi.org/10.1007/978-981-15-5873-3_25#Sec15
https://doi.org/10.1007/978-981-15-5873-3_25#Sec15
https://doi.org/10.1007/978-981-15-5873-3_25#Sec16
https://doi.org/10.1007/978-981-15-5873-3_25#Sec16
https://doi.org/10.1007/978-981-15-5873-3_25#Sec16
https://doi.org/10.1007/978-981-15-5873-3_25#Sec16
https://doi.org/10.1007/978-981-15-5873-3_25#Sec17
https://doi.org/10.1007/978-981-15-5873-3_25#Sec17
https://doi.org/10.1007/978-981-15-5873-3_25#Sec17
https://doi.org/10.1007/978-981-15-5873-3_25#Sec17
https://doi.org/10.1007/978-981-15-5873-3_25#Sec18
https://doi.org/10.1007/978-981-15-5873-3_25#Sec18
https://doi.org/10.1007/978-981-15-5873-3_25#Sec18
https://doi.org/10.1007/978-981-15-5873-3_25#Sec18
https://doi.org/10.1007/978-981-15-5873-3_25#Sec19
https://doi.org/10.1007/978-981-15-5873-3_25#Sec19
https://doi.org/10.1007/978-981-15-5873-3_25#Sec19
https://doi.org/10.1007/978-981-15-5873-3_25#Sec19
https://doi.org/10.1007/978-981-15-5873-3_25#Sec20
https://doi.org/10.1007/978-981-15-5873-3_25#Sec20
https://doi.org/10.1007/978-981-15-5873-3_25#Sec20
https://doi.org/10.1007/978-981-15-5873-3_25#Sec20
https://doi.org/10.1007/978-981-15-5873-3_25#Sec21
https://doi.org/10.1007/978-981-15-5873-3_25#Sec21
https://doi.org/10.1007/978-981-15-5873-3_25#Sec21
https://doi.org/10.1007/978-981-15-5873-3_25#Sec21
https://doi.org/10.1007/978-981-15-5873-3_26
https://doi.org/10.1007/978-981-15-5873-3_26
https://doi.org/10.1007/978-981-15-5873-3_26
https://doi.org/10.1007/978-981-15-5873-3_26
https://doi.org/10.1007/978-981-15-5873-3_26#Sec1
https://doi.org/10.1007/978-981-15-5873-3_26#Sec1
https://doi.org/10.1007/978-981-15-5873-3_26#Sec1
https://doi.org/10.1007/978-981-15-5873-3_26#Sec1
https://doi.org/10.1007/978-981-15-5873-3_26#Sec2
https://doi.org/10.1007/978-981-15-5873-3_26#Sec2
https://doi.org/10.1007/978-981-15-5873-3_26#Sec2
https://doi.org/10.1007/978-981-15-5873-3_26#Sec2
https://doi.org/10.1007/978-981-15-5873-3_26#Sec3
https://doi.org/10.1007/978-981-15-5873-3_26#Sec3
https://doi.org/10.1007/978-981-15-5873-3_26#Sec3
https://doi.org/10.1007/978-981-15-5873-3_26#Sec3


26.2.2 Empirical Goodness Methods and Criteria {12} . . . 959
26.2.3 Empirical Discrepancy Methods and Criteria {14} . . 961
26.2.4 Empirical Discrepancy of Pixel Numbers {9} . . . . . 965

26.3 Systematic Comparison and Characterization {5} . . . . . . . . . . 967

27 Object Representation {188} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 969
27.1 Object Representation Methods {28} . . . . . . . . . . . . . . . . . . 969

27.1.1 Object Representation {20} . . . . . . . . . . . . . . . . . . 969
27.1.2 Spline {8} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 972

27.2 Boundary-Based Representation {85} . . . . . . . . . . . . . . . . . . 973
27.2.1 Boundary Representation {16} . . . . . . . . . . . . . . . . 973
27.2.2 Boundary Signature {11} . . . . . . . . . . . . . . . . . . . . 975
27.2.3 Curve Representation {13} . . . . . . . . . . . . . . . . . . 979
27.2.4 Parametric Curve {16} . . . . . . . . . . . . . . . . . . . . . 982
27.2.5 Curve Fitting {14} . . . . . . . . . . . . . . . . . . . . . . . . 984
27.2.6 Chain Codes {15} . . . . . . . . . . . . . . . . . . . . . . . . . 988

27.3 Region-Based Representation {75} . . . . . . . . . . . . . . . . . . . . 992
27.3.1 Polygon {14} . . . . . . . . . . . . . . . . . . . . . . . . . . . . 992
27.3.2 Surrounding Region {20} . . . . . . . . . . . . . . . . . . . 996
27.3.3 Medial Axis Transform {18} . . . . . . . . . . . . . . . . . 1000
27.3.4 Skeleton {9} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1004
27.3.5 Region Decomposition {14} . . . . . . . . . . . . . . . . . 1006

28 Object Description {159} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1011
28.1 Object Description Methods {32} . . . . . . . . . . . . . . . . . . . . . 1011

28.1.1 Object Description {16} . . . . . . . . . . . . . . . . . . . . 1011
28.1.2 Feature Description {16} . . . . . . . . . . . . . . . . . . . . 1013

28.2 Boundary-Based Description {32} . . . . . . . . . . . . . . . . . . . . 1015
28.2.1 Boundary {17} . . . . . . . . . . . . . . . . . . . . . . . . . . . 1015
28.2.2 Curvature {15} . . . . . . . . . . . . . . . . . . . . . . . . . . . 1018

28.3 Region-Based Description {40} . . . . . . . . . . . . . . . . . . . . . . 1020
28.3.1 Region Description {20} . . . . . . . . . . . . . . . . . . . . 1020
28.3.2 Moment Description {20} . . . . . . . . . . . . . . . . . . . 1024

28.4 Descriptions of Object Relationship {22} . . . . . . . . . . . . . . . 1027
28.4.1 Object Relationship {16} . . . . . . . . . . . . . . . . . . . . 1027
28.4.2 Image Topology {16} . . . . . . . . . . . . . . . . . . . . . . 1028

28.5 Attributes {16} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1031
28.6 Object Saliency {17} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1036

29 Feature Measurement and Error Analysis {110} . . . . . . . . . . . . . . 1041
29.1 Feature Measurement {59} . . . . . . . . . . . . . . . . . . . . . . . . . . 1041

29.1.1 Metric {10} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1041
29.1.2 Object Measurement {19} . . . . . . . . . . . . . . . . . . . 1043
29.1.3 Local Invariance {15} . . . . . . . . . . . . . . . . . . . . . . 1046
29.1.4 More Invariance {15} . . . . . . . . . . . . . . . . . . . . . . 1048

29.2 Accuracy and Precision {18} . . . . . . . . . . . . . . . . . . . . . . . . 1050

xx Contents

https://doi.org/10.1007/978-981-15-5873-3_26#Sec4
https://doi.org/10.1007/978-981-15-5873-3_26#Sec4
https://doi.org/10.1007/978-981-15-5873-3_26#Sec4
https://doi.org/10.1007/978-981-15-5873-3_26#Sec4
https://doi.org/10.1007/978-981-15-5873-3_26#Sec5
https://doi.org/10.1007/978-981-15-5873-3_26#Sec5
https://doi.org/10.1007/978-981-15-5873-3_26#Sec5
https://doi.org/10.1007/978-981-15-5873-3_26#Sec5
https://doi.org/10.1007/978-981-15-5873-3_26#Sec6
https://doi.org/10.1007/978-981-15-5873-3_26#Sec6
https://doi.org/10.1007/978-981-15-5873-3_26#Sec6
https://doi.org/10.1007/978-981-15-5873-3_26#Sec6
https://doi.org/10.1007/978-981-15-5873-3_26#Sec7
https://doi.org/10.1007/978-981-15-5873-3_26#Sec7
https://doi.org/10.1007/978-981-15-5873-3_26#Sec7
https://doi.org/10.1007/978-981-15-5873-3_26#Sec7
https://doi.org/10.1007/978-981-15-5873-3_27
https://doi.org/10.1007/978-981-15-5873-3_27
https://doi.org/10.1007/978-981-15-5873-3_27
https://doi.org/10.1007/978-981-15-5873-3_27
https://doi.org/10.1007/978-981-15-5873-3_27#Sec1
https://doi.org/10.1007/978-981-15-5873-3_27#Sec1
https://doi.org/10.1007/978-981-15-5873-3_27#Sec1
https://doi.org/10.1007/978-981-15-5873-3_27#Sec1
https://doi.org/10.1007/978-981-15-5873-3_27#Sec2
https://doi.org/10.1007/978-981-15-5873-3_27#Sec2
https://doi.org/10.1007/978-981-15-5873-3_27#Sec2
https://doi.org/10.1007/978-981-15-5873-3_27#Sec2
https://doi.org/10.1007/978-981-15-5873-3_27#Sec3
https://doi.org/10.1007/978-981-15-5873-3_27#Sec3
https://doi.org/10.1007/978-981-15-5873-3_27#Sec3
https://doi.org/10.1007/978-981-15-5873-3_27#Sec3
https://doi.org/10.1007/978-981-15-5873-3_27#Sec4
https://doi.org/10.1007/978-981-15-5873-3_27#Sec4
https://doi.org/10.1007/978-981-15-5873-3_27#Sec4
https://doi.org/10.1007/978-981-15-5873-3_27#Sec4
https://doi.org/10.1007/978-981-15-5873-3_27#Sec5
https://doi.org/10.1007/978-981-15-5873-3_27#Sec5
https://doi.org/10.1007/978-981-15-5873-3_27#Sec5
https://doi.org/10.1007/978-981-15-5873-3_27#Sec5
https://doi.org/10.1007/978-981-15-5873-3_27#Sec6
https://doi.org/10.1007/978-981-15-5873-3_27#Sec6
https://doi.org/10.1007/978-981-15-5873-3_27#Sec6
https://doi.org/10.1007/978-981-15-5873-3_27#Sec6
https://doi.org/10.1007/978-981-15-5873-3_27#Sec7
https://doi.org/10.1007/978-981-15-5873-3_27#Sec7
https://doi.org/10.1007/978-981-15-5873-3_27#Sec7
https://doi.org/10.1007/978-981-15-5873-3_27#Sec7
https://doi.org/10.1007/978-981-15-5873-3_27#Sec8
https://doi.org/10.1007/978-981-15-5873-3_27#Sec8
https://doi.org/10.1007/978-981-15-5873-3_27#Sec8
https://doi.org/10.1007/978-981-15-5873-3_27#Sec8
https://doi.org/10.1007/978-981-15-5873-3_27#Sec9
https://doi.org/10.1007/978-981-15-5873-3_27#Sec9
https://doi.org/10.1007/978-981-15-5873-3_27#Sec9
https://doi.org/10.1007/978-981-15-5873-3_27#Sec9
https://doi.org/10.1007/978-981-15-5873-3_27#Sec10
https://doi.org/10.1007/978-981-15-5873-3_27#Sec10
https://doi.org/10.1007/978-981-15-5873-3_27#Sec10
https://doi.org/10.1007/978-981-15-5873-3_27#Sec10
https://doi.org/10.1007/978-981-15-5873-3_27#Sec11
https://doi.org/10.1007/978-981-15-5873-3_27#Sec11
https://doi.org/10.1007/978-981-15-5873-3_27#Sec11
https://doi.org/10.1007/978-981-15-5873-3_27#Sec11
https://doi.org/10.1007/978-981-15-5873-3_27#Sec12
https://doi.org/10.1007/978-981-15-5873-3_27#Sec12
https://doi.org/10.1007/978-981-15-5873-3_27#Sec12
https://doi.org/10.1007/978-981-15-5873-3_27#Sec12
https://doi.org/10.1007/978-981-15-5873-3_27#Sec13
https://doi.org/10.1007/978-981-15-5873-3_27#Sec13
https://doi.org/10.1007/978-981-15-5873-3_27#Sec13
https://doi.org/10.1007/978-981-15-5873-3_27#Sec13
https://doi.org/10.1007/978-981-15-5873-3_27#Sec14
https://doi.org/10.1007/978-981-15-5873-3_27#Sec14
https://doi.org/10.1007/978-981-15-5873-3_27#Sec14
https://doi.org/10.1007/978-981-15-5873-3_27#Sec14
https://doi.org/10.1007/978-981-15-5873-3_27#Sec15
https://doi.org/10.1007/978-981-15-5873-3_27#Sec15
https://doi.org/10.1007/978-981-15-5873-3_27#Sec15
https://doi.org/10.1007/978-981-15-5873-3_27#Sec15
https://doi.org/10.1007/978-981-15-5873-3_27#Sec16
https://doi.org/10.1007/978-981-15-5873-3_27#Sec16
https://doi.org/10.1007/978-981-15-5873-3_27#Sec16
https://doi.org/10.1007/978-981-15-5873-3_27#Sec16
https://doi.org/10.1007/978-981-15-5873-3_28
https://doi.org/10.1007/978-981-15-5873-3_28
https://doi.org/10.1007/978-981-15-5873-3_28
https://doi.org/10.1007/978-981-15-5873-3_28
https://doi.org/10.1007/978-981-15-5873-3_28#Sec1
https://doi.org/10.1007/978-981-15-5873-3_28#Sec1
https://doi.org/10.1007/978-981-15-5873-3_28#Sec1
https://doi.org/10.1007/978-981-15-5873-3_28#Sec1
https://doi.org/10.1007/978-981-15-5873-3_28#Sec2
https://doi.org/10.1007/978-981-15-5873-3_28#Sec2
https://doi.org/10.1007/978-981-15-5873-3_28#Sec2
https://doi.org/10.1007/978-981-15-5873-3_28#Sec2
https://doi.org/10.1007/978-981-15-5873-3_28#Sec3
https://doi.org/10.1007/978-981-15-5873-3_28#Sec3
https://doi.org/10.1007/978-981-15-5873-3_28#Sec3
https://doi.org/10.1007/978-981-15-5873-3_28#Sec3
https://doi.org/10.1007/978-981-15-5873-3_28#Sec4
https://doi.org/10.1007/978-981-15-5873-3_28#Sec4
https://doi.org/10.1007/978-981-15-5873-3_28#Sec4
https://doi.org/10.1007/978-981-15-5873-3_28#Sec4
https://doi.org/10.1007/978-981-15-5873-3_28#Sec5
https://doi.org/10.1007/978-981-15-5873-3_28#Sec5
https://doi.org/10.1007/978-981-15-5873-3_28#Sec5
https://doi.org/10.1007/978-981-15-5873-3_28#Sec5
https://doi.org/10.1007/978-981-15-5873-3_28#Sec6
https://doi.org/10.1007/978-981-15-5873-3_28#Sec6
https://doi.org/10.1007/978-981-15-5873-3_28#Sec6
https://doi.org/10.1007/978-981-15-5873-3_28#Sec6
https://doi.org/10.1007/978-981-15-5873-3_28#Sec7
https://doi.org/10.1007/978-981-15-5873-3_28#Sec7
https://doi.org/10.1007/978-981-15-5873-3_28#Sec7
https://doi.org/10.1007/978-981-15-5873-3_28#Sec7
https://doi.org/10.1007/978-981-15-5873-3_28#Sec8
https://doi.org/10.1007/978-981-15-5873-3_28#Sec8
https://doi.org/10.1007/978-981-15-5873-3_28#Sec8
https://doi.org/10.1007/978-981-15-5873-3_28#Sec8
https://doi.org/10.1007/978-981-15-5873-3_28#Sec9
https://doi.org/10.1007/978-981-15-5873-3_28#Sec9
https://doi.org/10.1007/978-981-15-5873-3_28#Sec9
https://doi.org/10.1007/978-981-15-5873-3_28#Sec9
https://doi.org/10.1007/978-981-15-5873-3_28#Sec10
https://doi.org/10.1007/978-981-15-5873-3_28#Sec10
https://doi.org/10.1007/978-981-15-5873-3_28#Sec10
https://doi.org/10.1007/978-981-15-5873-3_28#Sec10
https://doi.org/10.1007/978-981-15-5873-3_28#Sec11
https://doi.org/10.1007/978-981-15-5873-3_28#Sec11
https://doi.org/10.1007/978-981-15-5873-3_28#Sec11
https://doi.org/10.1007/978-981-15-5873-3_28#Sec11
https://doi.org/10.1007/978-981-15-5873-3_28#Sec12
https://doi.org/10.1007/978-981-15-5873-3_28#Sec12
https://doi.org/10.1007/978-981-15-5873-3_28#Sec12
https://doi.org/10.1007/978-981-15-5873-3_28#Sec12
https://doi.org/10.1007/978-981-15-5873-3_28#Sec13
https://doi.org/10.1007/978-981-15-5873-3_28#Sec13
https://doi.org/10.1007/978-981-15-5873-3_28#Sec13
https://doi.org/10.1007/978-981-15-5873-3_28#Sec13
https://doi.org/10.1007/978-981-15-5873-3_28#Sec14
https://doi.org/10.1007/978-981-15-5873-3_28#Sec14
https://doi.org/10.1007/978-981-15-5873-3_28#Sec14
https://doi.org/10.1007/978-981-15-5873-3_28#Sec14
https://doi.org/10.1007/978-981-15-5873-3_29
https://doi.org/10.1007/978-981-15-5873-3_29
https://doi.org/10.1007/978-981-15-5873-3_29
https://doi.org/10.1007/978-981-15-5873-3_29
https://doi.org/10.1007/978-981-15-5873-3_29#Sec1
https://doi.org/10.1007/978-981-15-5873-3_29#Sec1
https://doi.org/10.1007/978-981-15-5873-3_29#Sec1
https://doi.org/10.1007/978-981-15-5873-3_29#Sec1
https://doi.org/10.1007/978-981-15-5873-3_29#Sec2
https://doi.org/10.1007/978-981-15-5873-3_29#Sec2
https://doi.org/10.1007/978-981-15-5873-3_29#Sec2
https://doi.org/10.1007/978-981-15-5873-3_29#Sec2
https://doi.org/10.1007/978-981-15-5873-3_29#Sec3
https://doi.org/10.1007/978-981-15-5873-3_29#Sec3
https://doi.org/10.1007/978-981-15-5873-3_29#Sec3
https://doi.org/10.1007/978-981-15-5873-3_29#Sec3
https://doi.org/10.1007/978-981-15-5873-3_29#Sec4
https://doi.org/10.1007/978-981-15-5873-3_29#Sec4
https://doi.org/10.1007/978-981-15-5873-3_29#Sec4
https://doi.org/10.1007/978-981-15-5873-3_29#Sec4
https://doi.org/10.1007/978-981-15-5873-3_29#Sec5
https://doi.org/10.1007/978-981-15-5873-3_29#Sec5
https://doi.org/10.1007/978-981-15-5873-3_29#Sec5
https://doi.org/10.1007/978-981-15-5873-3_29#Sec5
https://doi.org/10.1007/978-981-15-5873-3_29#Sec6
https://doi.org/10.1007/978-981-15-5873-3_29#Sec6
https://doi.org/10.1007/978-981-15-5873-3_29#Sec6
https://doi.org/10.1007/978-981-15-5873-3_29#Sec6


29.3 Error Analysis {33} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1054
29.3.1 Measurement Error {17} . . . . . . . . . . . . . . . . . . . . 1054
29.3.2 Residual and Error {16} . . . . . . . . . . . . . . . . . . . . 1056

30 Texture Analysis {174} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1061
30.1 Texture Overview {42} . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1061

30.1.1 Texture {10} . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1061
30.1.2 Texture Elements {9} . . . . . . . . . . . . . . . . . . . . . . 1062
30.1.3 Texture Analysis {14} . . . . . . . . . . . . . . . . . . . . . . 1064
30.1.4 Texture Models {9} . . . . . . . . . . . . . . . . . . . . . . . 1065

30.2 Texture Feature and Description {29} . . . . . . . . . . . . . . . . . . 1066
30.2.1 Texture Features {14} . . . . . . . . . . . . . . . . . . . . . . 1066
30.2.2 Texture Description {15} . . . . . . . . . . . . . . . . . . . . 1069

30.3 Statistical Approach {28} . . . . . . . . . . . . . . . . . . . . . . . . . . . 1071
30.3.1 Texture Statistics {15} . . . . . . . . . . . . . . . . . . . . . . 1071
30.3.2 Co-occurrence Matrix {13} . . . . . . . . . . . . . . . . . . 1076

30.4 Structural Approach {19} . . . . . . . . . . . . . . . . . . . . . . . . . . . 1079
30.4.1 Structural Texture {13} . . . . . . . . . . . . . . . . . . . . . 1079
30.4.2 Local Binary Pattern {6} . . . . . . . . . . . . . . . . . . . . 1081

30.5 Spectrum Approach {12} . . . . . . . . . . . . . . . . . . . . . . . . . . . 1084
30.6 Texture Segmentation {12} . . . . . . . . . . . . . . . . . . . . . . . . . 1086
30.7 Texture Composition {32} . . . . . . . . . . . . . . . . . . . . . . . . . . 1089

30.7.1 Texture Categorization {15} . . . . . . . . . . . . . . . . . 1089
30.7.2 Texture Generation {17} . . . . . . . . . . . . . . . . . . . . 1091

31 Shape Analysis {175} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1095
31.1 Shape Overview {26} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1095

31.1.1 Shape {6} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1095
31.1.2 Shape Analysis {20} . . . . . . . . . . . . . . . . . . . . . . . 1096

31.2 Shape Representation and Description {43} . . . . . . . . . . . . . . 1099
31.2.1 Shape Representation {13} . . . . . . . . . . . . . . . . . . 1099
31.2.2 Shape Model {10} . . . . . . . . . . . . . . . . . . . . . . . . 1102
31.2.3 Shape Description {8} . . . . . . . . . . . . . . . . . . . . . . 1103
31.2.4 Shape Descriptors {12} . . . . . . . . . . . . . . . . . . . . . 1105

31.3 Shape Classification {17} . . . . . . . . . . . . . . . . . . . . . . . . . . . 1108
31.4 Shape Compactness {21} . . . . . . . . . . . . . . . . . . . . . . . . . . . 1110

31.4.1 Compactness and Elongation {6} . . . . . . . . . . . . . . 1111
31.4.2 Specific Descriptors {15} . . . . . . . . . . . . . . . . . . . 1111

31.5 Shape Complexity {11} . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1116
31.6 Delaunay and Voronoï Meshes {57} . . . . . . . . . . . . . . . . . . . 1117

31.6.1 Mesh Model {15} . . . . . . . . . . . . . . . . . . . . . . . . . 1118
31.6.2 Delaunay Meshes {8} . . . . . . . . . . . . . . . . . . . . . . 1119
31.6.3 Voronoï Meshes {17} . . . . . . . . . . . . . . . . . . . . . . 1120
31.6.4 Maximal Nucleus Cluster {17} . . . . . . . . . . . . . . . 1123

Contents xxi

https://doi.org/10.1007/978-981-15-5873-3_29#Sec7
https://doi.org/10.1007/978-981-15-5873-3_29#Sec7
https://doi.org/10.1007/978-981-15-5873-3_29#Sec7
https://doi.org/10.1007/978-981-15-5873-3_29#Sec7
https://doi.org/10.1007/978-981-15-5873-3_29#Sec8
https://doi.org/10.1007/978-981-15-5873-3_29#Sec8
https://doi.org/10.1007/978-981-15-5873-3_29#Sec8
https://doi.org/10.1007/978-981-15-5873-3_29#Sec8
https://doi.org/10.1007/978-981-15-5873-3_29#Sec9
https://doi.org/10.1007/978-981-15-5873-3_29#Sec9
https://doi.org/10.1007/978-981-15-5873-3_29#Sec9
https://doi.org/10.1007/978-981-15-5873-3_29#Sec9
https://doi.org/10.1007/978-981-15-5873-3_30
https://doi.org/10.1007/978-981-15-5873-3_30
https://doi.org/10.1007/978-981-15-5873-3_30
https://doi.org/10.1007/978-981-15-5873-3_30
https://doi.org/10.1007/978-981-15-5873-3_30#Sec1
https://doi.org/10.1007/978-981-15-5873-3_30#Sec1
https://doi.org/10.1007/978-981-15-5873-3_30#Sec1
https://doi.org/10.1007/978-981-15-5873-3_30#Sec1
https://doi.org/10.1007/978-981-15-5873-3_30#Sec2
https://doi.org/10.1007/978-981-15-5873-3_30#Sec2
https://doi.org/10.1007/978-981-15-5873-3_30#Sec2
https://doi.org/10.1007/978-981-15-5873-3_30#Sec2
https://doi.org/10.1007/978-981-15-5873-3_30#Sec3
https://doi.org/10.1007/978-981-15-5873-3_30#Sec3
https://doi.org/10.1007/978-981-15-5873-3_30#Sec3
https://doi.org/10.1007/978-981-15-5873-3_30#Sec3
https://doi.org/10.1007/978-981-15-5873-3_30#Sec4
https://doi.org/10.1007/978-981-15-5873-3_30#Sec4
https://doi.org/10.1007/978-981-15-5873-3_30#Sec4
https://doi.org/10.1007/978-981-15-5873-3_30#Sec4
https://doi.org/10.1007/978-981-15-5873-3_30#Sec5
https://doi.org/10.1007/978-981-15-5873-3_30#Sec5
https://doi.org/10.1007/978-981-15-5873-3_30#Sec5
https://doi.org/10.1007/978-981-15-5873-3_30#Sec5
https://doi.org/10.1007/978-981-15-5873-3_30#Sec6
https://doi.org/10.1007/978-981-15-5873-3_30#Sec6
https://doi.org/10.1007/978-981-15-5873-3_30#Sec6
https://doi.org/10.1007/978-981-15-5873-3_30#Sec6
https://doi.org/10.1007/978-981-15-5873-3_30#Sec7
https://doi.org/10.1007/978-981-15-5873-3_30#Sec7
https://doi.org/10.1007/978-981-15-5873-3_30#Sec7
https://doi.org/10.1007/978-981-15-5873-3_30#Sec7
https://doi.org/10.1007/978-981-15-5873-3_30#Sec8
https://doi.org/10.1007/978-981-15-5873-3_30#Sec8
https://doi.org/10.1007/978-981-15-5873-3_30#Sec8
https://doi.org/10.1007/978-981-15-5873-3_30#Sec8
https://doi.org/10.1007/978-981-15-5873-3_30#Sec9
https://doi.org/10.1007/978-981-15-5873-3_30#Sec9
https://doi.org/10.1007/978-981-15-5873-3_30#Sec9
https://doi.org/10.1007/978-981-15-5873-3_30#Sec9
https://doi.org/10.1007/978-981-15-5873-3_30#Sec10
https://doi.org/10.1007/978-981-15-5873-3_30#Sec10
https://doi.org/10.1007/978-981-15-5873-3_30#Sec10
https://doi.org/10.1007/978-981-15-5873-3_30#Sec10
https://doi.org/10.1007/978-981-15-5873-3_30#Sec11
https://doi.org/10.1007/978-981-15-5873-3_30#Sec11
https://doi.org/10.1007/978-981-15-5873-3_30#Sec11
https://doi.org/10.1007/978-981-15-5873-3_30#Sec11
https://doi.org/10.1007/978-981-15-5873-3_30#Sec12
https://doi.org/10.1007/978-981-15-5873-3_30#Sec12
https://doi.org/10.1007/978-981-15-5873-3_30#Sec12
https://doi.org/10.1007/978-981-15-5873-3_30#Sec12
https://doi.org/10.1007/978-981-15-5873-3_30#Sec13
https://doi.org/10.1007/978-981-15-5873-3_30#Sec13
https://doi.org/10.1007/978-981-15-5873-3_30#Sec13
https://doi.org/10.1007/978-981-15-5873-3_30#Sec13
https://doi.org/10.1007/978-981-15-5873-3_30#Sec14
https://doi.org/10.1007/978-981-15-5873-3_30#Sec14
https://doi.org/10.1007/978-981-15-5873-3_30#Sec14
https://doi.org/10.1007/978-981-15-5873-3_30#Sec14
https://doi.org/10.1007/978-981-15-5873-3_30#Sec15
https://doi.org/10.1007/978-981-15-5873-3_30#Sec15
https://doi.org/10.1007/978-981-15-5873-3_30#Sec15
https://doi.org/10.1007/978-981-15-5873-3_30#Sec15
https://doi.org/10.1007/978-981-15-5873-3_30#Sec16
https://doi.org/10.1007/978-981-15-5873-3_30#Sec16
https://doi.org/10.1007/978-981-15-5873-3_30#Sec16
https://doi.org/10.1007/978-981-15-5873-3_30#Sec16
https://doi.org/10.1007/978-981-15-5873-3_30#Sec17
https://doi.org/10.1007/978-981-15-5873-3_30#Sec17
https://doi.org/10.1007/978-981-15-5873-3_30#Sec17
https://doi.org/10.1007/978-981-15-5873-3_30#Sec17
https://doi.org/10.1007/978-981-15-5873-3_30#Sec18
https://doi.org/10.1007/978-981-15-5873-3_30#Sec18
https://doi.org/10.1007/978-981-15-5873-3_30#Sec18
https://doi.org/10.1007/978-981-15-5873-3_30#Sec18
https://doi.org/10.1007/978-981-15-5873-3_30#Sec19
https://doi.org/10.1007/978-981-15-5873-3_30#Sec19
https://doi.org/10.1007/978-981-15-5873-3_30#Sec19
https://doi.org/10.1007/978-981-15-5873-3_30#Sec19
https://doi.org/10.1007/978-981-15-5873-3_31
https://doi.org/10.1007/978-981-15-5873-3_31
https://doi.org/10.1007/978-981-15-5873-3_31
https://doi.org/10.1007/978-981-15-5873-3_31
https://doi.org/10.1007/978-981-15-5873-3_31#Sec1
https://doi.org/10.1007/978-981-15-5873-3_31#Sec1
https://doi.org/10.1007/978-981-15-5873-3_31#Sec1
https://doi.org/10.1007/978-981-15-5873-3_31#Sec1
https://doi.org/10.1007/978-981-15-5873-3_31#Sec2
https://doi.org/10.1007/978-981-15-5873-3_31#Sec2
https://doi.org/10.1007/978-981-15-5873-3_31#Sec2
https://doi.org/10.1007/978-981-15-5873-3_31#Sec2
https://doi.org/10.1007/978-981-15-5873-3_31#Sec3
https://doi.org/10.1007/978-981-15-5873-3_31#Sec3
https://doi.org/10.1007/978-981-15-5873-3_31#Sec3
https://doi.org/10.1007/978-981-15-5873-3_31#Sec3
https://doi.org/10.1007/978-981-15-5873-3_31#Sec4
https://doi.org/10.1007/978-981-15-5873-3_31#Sec4
https://doi.org/10.1007/978-981-15-5873-3_31#Sec4
https://doi.org/10.1007/978-981-15-5873-3_31#Sec4
https://doi.org/10.1007/978-981-15-5873-3_31#Sec5
https://doi.org/10.1007/978-981-15-5873-3_31#Sec5
https://doi.org/10.1007/978-981-15-5873-3_31#Sec5
https://doi.org/10.1007/978-981-15-5873-3_31#Sec5
https://doi.org/10.1007/978-981-15-5873-3_31#Sec6
https://doi.org/10.1007/978-981-15-5873-3_31#Sec6
https://doi.org/10.1007/978-981-15-5873-3_31#Sec6
https://doi.org/10.1007/978-981-15-5873-3_31#Sec6
https://doi.org/10.1007/978-981-15-5873-3_31#Sec7
https://doi.org/10.1007/978-981-15-5873-3_31#Sec7
https://doi.org/10.1007/978-981-15-5873-3_31#Sec7
https://doi.org/10.1007/978-981-15-5873-3_31#Sec7
https://doi.org/10.1007/978-981-15-5873-3_31#Sec8
https://doi.org/10.1007/978-981-15-5873-3_31#Sec8
https://doi.org/10.1007/978-981-15-5873-3_31#Sec8
https://doi.org/10.1007/978-981-15-5873-3_31#Sec8
https://doi.org/10.1007/978-981-15-5873-3_31#Sec9
https://doi.org/10.1007/978-981-15-5873-3_31#Sec9
https://doi.org/10.1007/978-981-15-5873-3_31#Sec9
https://doi.org/10.1007/978-981-15-5873-3_31#Sec9
https://doi.org/10.1007/978-981-15-5873-3_31#Sec10
https://doi.org/10.1007/978-981-15-5873-3_31#Sec10
https://doi.org/10.1007/978-981-15-5873-3_31#Sec10
https://doi.org/10.1007/978-981-15-5873-3_31#Sec10
https://doi.org/10.1007/978-981-15-5873-3_31#Sec11
https://doi.org/10.1007/978-981-15-5873-3_31#Sec11
https://doi.org/10.1007/978-981-15-5873-3_31#Sec11
https://doi.org/10.1007/978-981-15-5873-3_31#Sec11
https://doi.org/10.1007/978-981-15-5873-3_31#Sec12
https://doi.org/10.1007/978-981-15-5873-3_31#Sec12
https://doi.org/10.1007/978-981-15-5873-3_31#Sec12
https://doi.org/10.1007/978-981-15-5873-3_31#Sec12
https://doi.org/10.1007/978-981-15-5873-3_31#Sec13
https://doi.org/10.1007/978-981-15-5873-3_31#Sec13
https://doi.org/10.1007/978-981-15-5873-3_31#Sec13
https://doi.org/10.1007/978-981-15-5873-3_31#Sec13
https://doi.org/10.1007/978-981-15-5873-3_31#Sec14
https://doi.org/10.1007/978-981-15-5873-3_31#Sec14
https://doi.org/10.1007/978-981-15-5873-3_31#Sec14
https://doi.org/10.1007/978-981-15-5873-3_31#Sec14
https://doi.org/10.1007/978-981-15-5873-3_31#Sec15
https://doi.org/10.1007/978-981-15-5873-3_31#Sec15
https://doi.org/10.1007/978-981-15-5873-3_31#Sec15
https://doi.org/10.1007/978-981-15-5873-3_31#Sec15
https://doi.org/10.1007/978-981-15-5873-3_31#Sec16
https://doi.org/10.1007/978-981-15-5873-3_31#Sec16
https://doi.org/10.1007/978-981-15-5873-3_31#Sec16
https://doi.org/10.1007/978-981-15-5873-3_31#Sec16
https://doi.org/10.1007/978-981-15-5873-3_31#Sec17
https://doi.org/10.1007/978-981-15-5873-3_31#Sec17
https://doi.org/10.1007/978-981-15-5873-3_31#Sec17
https://doi.org/10.1007/978-981-15-5873-3_31#Sec17
https://doi.org/10.1007/978-981-15-5873-3_31#Sec18
https://doi.org/10.1007/978-981-15-5873-3_31#Sec18
https://doi.org/10.1007/978-981-15-5873-3_31#Sec18
https://doi.org/10.1007/978-981-15-5873-3_31#Sec18


32 Motion Analysis {229} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1127
32.1 Motion and Analysis {63} . . . . . . . . . . . . . . . . . . . . . . . . . . 1127

32.1.1 Motion {11} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1127
32.1.2 Motion Classification {12} . . . . . . . . . . . . . . . . . . 1129
32.1.3 Motion Estimation {12} . . . . . . . . . . . . . . . . . . . . 1130
32.1.4 Various Motion Estimations {14} . . . . . . . . . . . . . . 1132
32.1.5 Motion Analysis and Understanding {14} . . . . . . . . 1134

32.2 Motion Detection and Representation {27} . . . . . . . . . . . . . . 1135
32.2.1 Motion Detection {13} . . . . . . . . . . . . . . . . . . . . . 1136
32.2.2 Motion Representation {14} . . . . . . . . . . . . . . . . . 1137

32.3 Moving Object Detection {21} . . . . . . . . . . . . . . . . . . . . . . . 1141
32.3.1 Object Detection {11} . . . . . . . . . . . . . . . . . . . . . . 1141
32.3.2 Object Trajectory {10} . . . . . . . . . . . . . . . . . . . . . 1143

32.4 Moving Object Tracking {74} . . . . . . . . . . . . . . . . . . . . . . . 1145
32.4.1 Feature Tracking {13} . . . . . . . . . . . . . . . . . . . . . . 1145
32.4.2 Object Tracking {14} . . . . . . . . . . . . . . . . . . . . . . 1147
32.4.3 Object Tracking Techniques {14} . . . . . . . . . . . . . 1148
32.4.4 Kalman Filter {20} . . . . . . . . . . . . . . . . . . . . . . . . 1150
32.4.5 Particle Filtering {13} . . . . . . . . . . . . . . . . . . . . . . 1154

32.5 Motion and Optical Flows {44} . . . . . . . . . . . . . . . . . . . . . . 1156
32.5.1 Motion Field {12} . . . . . . . . . . . . . . . . . . . . . . . . . 1156
32.5.2 Optical Flow {9} . . . . . . . . . . . . . . . . . . . . . . . . . 1158
32.5.3 Optical Flow Field {10} . . . . . . . . . . . . . . . . . . . . 1160
32.5.4 Optical Flow Equation {13} . . . . . . . . . . . . . . . . . . 1162

33 Image Pattern Recognition {346} . . . . . . . . . . . . . . . . . . . . . . . . . . 1165
33.1 Pattern {18} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1165
33.2 Pattern Recognition {55} . . . . . . . . . . . . . . . . . . . . . . . . . . . 1168

33.2.1 Recognition {12} . . . . . . . . . . . . . . . . . . . . . . . . . 1168
33.2.2 Recognition Categories {11} . . . . . . . . . . . . . . . . . 1169
33.2.3 Image Recognition {13} . . . . . . . . . . . . . . . . . . . . 1171
33.2.4 Various Recognition Methods {19} . . . . . . . . . . . . 1173

33.3 Pattern Classification {45} . . . . . . . . . . . . . . . . . . . . . . . . . . 1176
33.3.1 Category {11} . . . . . . . . . . . . . . . . . . . . . . . . . . . 1176
33.3.2 Classification {21} . . . . . . . . . . . . . . . . . . . . . . . . 1177
33.3.3 Test and Verification {13} . . . . . . . . . . . . . . . . . . . 1182

33.4 Feature and Detection {30} . . . . . . . . . . . . . . . . . . . . . . . . . 1184
33.4.1 Feature {15} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1184
33.4.2 Feature Analysis {15} . . . . . . . . . . . . . . . . . . . . . . 1187

33.5 Feature Dimension Reduction {30} . . . . . . . . . . . . . . . . . . . . 1189
33.5.1 Dimension Reduction {14} . . . . . . . . . . . . . . . . . . 1189
33.5.2 Manifold and Independent Component {16} . . . . . . 1193

33.6 Classifier and Perceptron {56} . . . . . . . . . . . . . . . . . . . . . . . 1195
33.6.1 Classifier {16} . . . . . . . . . . . . . . . . . . . . . . . . . . . 1196
33.6.2 Optimal Classifier {11} . . . . . . . . . . . . . . . . . . . . . 1202

xxii Contents

https://doi.org/10.1007/978-981-15-5873-3_32
https://doi.org/10.1007/978-981-15-5873-3_32
https://doi.org/10.1007/978-981-15-5873-3_32
https://doi.org/10.1007/978-981-15-5873-3_32
https://doi.org/10.1007/978-981-15-5873-3_32#Sec1
https://doi.org/10.1007/978-981-15-5873-3_32#Sec1
https://doi.org/10.1007/978-981-15-5873-3_32#Sec1
https://doi.org/10.1007/978-981-15-5873-3_32#Sec1
https://doi.org/10.1007/978-981-15-5873-3_32#Sec2
https://doi.org/10.1007/978-981-15-5873-3_32#Sec2
https://doi.org/10.1007/978-981-15-5873-3_32#Sec2
https://doi.org/10.1007/978-981-15-5873-3_32#Sec2
https://doi.org/10.1007/978-981-15-5873-3_32#Sec3
https://doi.org/10.1007/978-981-15-5873-3_32#Sec3
https://doi.org/10.1007/978-981-15-5873-3_32#Sec3
https://doi.org/10.1007/978-981-15-5873-3_32#Sec3
https://doi.org/10.1007/978-981-15-5873-3_32#Sec4
https://doi.org/10.1007/978-981-15-5873-3_32#Sec4
https://doi.org/10.1007/978-981-15-5873-3_32#Sec4
https://doi.org/10.1007/978-981-15-5873-3_32#Sec4
https://doi.org/10.1007/978-981-15-5873-3_32#Sec5
https://doi.org/10.1007/978-981-15-5873-3_32#Sec5
https://doi.org/10.1007/978-981-15-5873-3_32#Sec5
https://doi.org/10.1007/978-981-15-5873-3_32#Sec5
https://doi.org/10.1007/978-981-15-5873-3_32#Sec6
https://doi.org/10.1007/978-981-15-5873-3_32#Sec6
https://doi.org/10.1007/978-981-15-5873-3_32#Sec6
https://doi.org/10.1007/978-981-15-5873-3_32#Sec6
https://doi.org/10.1007/978-981-15-5873-3_32#Sec7
https://doi.org/10.1007/978-981-15-5873-3_32#Sec7
https://doi.org/10.1007/978-981-15-5873-3_32#Sec7
https://doi.org/10.1007/978-981-15-5873-3_32#Sec7
https://doi.org/10.1007/978-981-15-5873-3_32#Sec8
https://doi.org/10.1007/978-981-15-5873-3_32#Sec8
https://doi.org/10.1007/978-981-15-5873-3_32#Sec8
https://doi.org/10.1007/978-981-15-5873-3_32#Sec8
https://doi.org/10.1007/978-981-15-5873-3_32#Sec9
https://doi.org/10.1007/978-981-15-5873-3_32#Sec9
https://doi.org/10.1007/978-981-15-5873-3_32#Sec9
https://doi.org/10.1007/978-981-15-5873-3_32#Sec9
https://doi.org/10.1007/978-981-15-5873-3_32#Sec10
https://doi.org/10.1007/978-981-15-5873-3_32#Sec10
https://doi.org/10.1007/978-981-15-5873-3_32#Sec10
https://doi.org/10.1007/978-981-15-5873-3_32#Sec10
https://doi.org/10.1007/978-981-15-5873-3_32#Sec11
https://doi.org/10.1007/978-981-15-5873-3_32#Sec11
https://doi.org/10.1007/978-981-15-5873-3_32#Sec11
https://doi.org/10.1007/978-981-15-5873-3_32#Sec11
https://doi.org/10.1007/978-981-15-5873-3_32#Sec12
https://doi.org/10.1007/978-981-15-5873-3_32#Sec12
https://doi.org/10.1007/978-981-15-5873-3_32#Sec12
https://doi.org/10.1007/978-981-15-5873-3_32#Sec12
https://doi.org/10.1007/978-981-15-5873-3_32#Sec13
https://doi.org/10.1007/978-981-15-5873-3_32#Sec13
https://doi.org/10.1007/978-981-15-5873-3_32#Sec13
https://doi.org/10.1007/978-981-15-5873-3_32#Sec13
https://doi.org/10.1007/978-981-15-5873-3_32#Sec14
https://doi.org/10.1007/978-981-15-5873-3_32#Sec14
https://doi.org/10.1007/978-981-15-5873-3_32#Sec14
https://doi.org/10.1007/978-981-15-5873-3_32#Sec14
https://doi.org/10.1007/978-981-15-5873-3_32#Sec15
https://doi.org/10.1007/978-981-15-5873-3_32#Sec15
https://doi.org/10.1007/978-981-15-5873-3_32#Sec15
https://doi.org/10.1007/978-981-15-5873-3_32#Sec15
https://doi.org/10.1007/978-981-15-5873-3_32#Sec16
https://doi.org/10.1007/978-981-15-5873-3_32#Sec16
https://doi.org/10.1007/978-981-15-5873-3_32#Sec16
https://doi.org/10.1007/978-981-15-5873-3_32#Sec16
https://doi.org/10.1007/978-981-15-5873-3_32#Sec17
https://doi.org/10.1007/978-981-15-5873-3_32#Sec17
https://doi.org/10.1007/978-981-15-5873-3_32#Sec17
https://doi.org/10.1007/978-981-15-5873-3_32#Sec17
https://doi.org/10.1007/978-981-15-5873-3_32#Sec18
https://doi.org/10.1007/978-981-15-5873-3_32#Sec18
https://doi.org/10.1007/978-981-15-5873-3_32#Sec18
https://doi.org/10.1007/978-981-15-5873-3_32#Sec18
https://doi.org/10.1007/978-981-15-5873-3_32#Sec19
https://doi.org/10.1007/978-981-15-5873-3_32#Sec19
https://doi.org/10.1007/978-981-15-5873-3_32#Sec19
https://doi.org/10.1007/978-981-15-5873-3_32#Sec19
https://doi.org/10.1007/978-981-15-5873-3_32#Sec20
https://doi.org/10.1007/978-981-15-5873-3_32#Sec20
https://doi.org/10.1007/978-981-15-5873-3_32#Sec20
https://doi.org/10.1007/978-981-15-5873-3_32#Sec20
https://doi.org/10.1007/978-981-15-5873-3_32#Sec21
https://doi.org/10.1007/978-981-15-5873-3_32#Sec21
https://doi.org/10.1007/978-981-15-5873-3_32#Sec21
https://doi.org/10.1007/978-981-15-5873-3_32#Sec21
https://doi.org/10.1007/978-981-15-5873-3_32#Sec22
https://doi.org/10.1007/978-981-15-5873-3_32#Sec22
https://doi.org/10.1007/978-981-15-5873-3_32#Sec22
https://doi.org/10.1007/978-981-15-5873-3_32#Sec22
https://doi.org/10.1007/978-981-15-5873-3_32#Sec23
https://doi.org/10.1007/978-981-15-5873-3_32#Sec23
https://doi.org/10.1007/978-981-15-5873-3_32#Sec23
https://doi.org/10.1007/978-981-15-5873-3_32#Sec23
https://doi.org/10.1007/978-981-15-5873-3_33
https://doi.org/10.1007/978-981-15-5873-3_33
https://doi.org/10.1007/978-981-15-5873-3_33
https://doi.org/10.1007/978-981-15-5873-3_33
https://doi.org/10.1007/978-981-15-5873-3_33#Sec1
https://doi.org/10.1007/978-981-15-5873-3_33#Sec1
https://doi.org/10.1007/978-981-15-5873-3_33#Sec1
https://doi.org/10.1007/978-981-15-5873-3_33#Sec1
https://doi.org/10.1007/978-981-15-5873-3_33#Sec2
https://doi.org/10.1007/978-981-15-5873-3_33#Sec2
https://doi.org/10.1007/978-981-15-5873-3_33#Sec2
https://doi.org/10.1007/978-981-15-5873-3_33#Sec2
https://doi.org/10.1007/978-981-15-5873-3_33#Sec3
https://doi.org/10.1007/978-981-15-5873-3_33#Sec3
https://doi.org/10.1007/978-981-15-5873-3_33#Sec3
https://doi.org/10.1007/978-981-15-5873-3_33#Sec3
https://doi.org/10.1007/978-981-15-5873-3_33#Sec4
https://doi.org/10.1007/978-981-15-5873-3_33#Sec4
https://doi.org/10.1007/978-981-15-5873-3_33#Sec4
https://doi.org/10.1007/978-981-15-5873-3_33#Sec4
https://doi.org/10.1007/978-981-15-5873-3_33#Sec5
https://doi.org/10.1007/978-981-15-5873-3_33#Sec5
https://doi.org/10.1007/978-981-15-5873-3_33#Sec5
https://doi.org/10.1007/978-981-15-5873-3_33#Sec5
https://doi.org/10.1007/978-981-15-5873-3_33#Sec6
https://doi.org/10.1007/978-981-15-5873-3_33#Sec6
https://doi.org/10.1007/978-981-15-5873-3_33#Sec6
https://doi.org/10.1007/978-981-15-5873-3_33#Sec6
https://doi.org/10.1007/978-981-15-5873-3_33#Sec7
https://doi.org/10.1007/978-981-15-5873-3_33#Sec7
https://doi.org/10.1007/978-981-15-5873-3_33#Sec7
https://doi.org/10.1007/978-981-15-5873-3_33#Sec7
https://doi.org/10.1007/978-981-15-5873-3_33#Sec8
https://doi.org/10.1007/978-981-15-5873-3_33#Sec8
https://doi.org/10.1007/978-981-15-5873-3_33#Sec8
https://doi.org/10.1007/978-981-15-5873-3_33#Sec8
https://doi.org/10.1007/978-981-15-5873-3_33#Sec9
https://doi.org/10.1007/978-981-15-5873-3_33#Sec9
https://doi.org/10.1007/978-981-15-5873-3_33#Sec9
https://doi.org/10.1007/978-981-15-5873-3_33#Sec9
https://doi.org/10.1007/978-981-15-5873-3_33#Sec10
https://doi.org/10.1007/978-981-15-5873-3_33#Sec10
https://doi.org/10.1007/978-981-15-5873-3_33#Sec10
https://doi.org/10.1007/978-981-15-5873-3_33#Sec10
https://doi.org/10.1007/978-981-15-5873-3_33#Sec11
https://doi.org/10.1007/978-981-15-5873-3_33#Sec11
https://doi.org/10.1007/978-981-15-5873-3_33#Sec11
https://doi.org/10.1007/978-981-15-5873-3_33#Sec11
https://doi.org/10.1007/978-981-15-5873-3_33#Sec12
https://doi.org/10.1007/978-981-15-5873-3_33#Sec12
https://doi.org/10.1007/978-981-15-5873-3_33#Sec12
https://doi.org/10.1007/978-981-15-5873-3_33#Sec12
https://doi.org/10.1007/978-981-15-5873-3_33#Sec13
https://doi.org/10.1007/978-981-15-5873-3_33#Sec13
https://doi.org/10.1007/978-981-15-5873-3_33#Sec13
https://doi.org/10.1007/978-981-15-5873-3_33#Sec13
https://doi.org/10.1007/978-981-15-5873-3_33#Sec14
https://doi.org/10.1007/978-981-15-5873-3_33#Sec14
https://doi.org/10.1007/978-981-15-5873-3_33#Sec14
https://doi.org/10.1007/978-981-15-5873-3_33#Sec14
https://doi.org/10.1007/978-981-15-5873-3_33#Sec15
https://doi.org/10.1007/978-981-15-5873-3_33#Sec15
https://doi.org/10.1007/978-981-15-5873-3_33#Sec15
https://doi.org/10.1007/978-981-15-5873-3_33#Sec15
https://doi.org/10.1007/978-981-15-5873-3_33#Sec16
https://doi.org/10.1007/978-981-15-5873-3_33#Sec16
https://doi.org/10.1007/978-981-15-5873-3_33#Sec16
https://doi.org/10.1007/978-981-15-5873-3_33#Sec16
https://doi.org/10.1007/978-981-15-5873-3_33#Sec17
https://doi.org/10.1007/978-981-15-5873-3_33#Sec17
https://doi.org/10.1007/978-981-15-5873-3_33#Sec17
https://doi.org/10.1007/978-981-15-5873-3_33#Sec17
https://doi.org/10.1007/978-981-15-5873-3_33#Sec18
https://doi.org/10.1007/978-981-15-5873-3_33#Sec18
https://doi.org/10.1007/978-981-15-5873-3_33#Sec18
https://doi.org/10.1007/978-981-15-5873-3_33#Sec18
https://doi.org/10.1007/978-981-15-5873-3_33#Sec19
https://doi.org/10.1007/978-981-15-5873-3_33#Sec19
https://doi.org/10.1007/978-981-15-5873-3_33#Sec19
https://doi.org/10.1007/978-981-15-5873-3_33#Sec19


33.6.3 Support Vector Machine {18} . . . . . . . . . . . . . . . . . . 1203
33.6.4 Perceptron {11} . . . . . . . . . . . . . . . . . . . . . . . . . . 1208

33.7 Clustering {19} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1210
33.7.1 Cluster {9} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1211
33.7.2 Cluster Analysis {10} . . . . . . . . . . . . . . . . . . . . . . 1213

33.8 Discriminant and Decision Function {46} . . . . . . . . . . . . . . . 1214
33.8.1 Discriminant Function {16} . . . . . . . . . . . . . . . . . . 1214
33.8.2 Kernel Discriminant {11} . . . . . . . . . . . . . . . . . . . 1217
33.8.3 Decision Function {19} . . . . . . . . . . . . . . . . . . . . . 1220

33.9 Syntactic Recognition {20} . . . . . . . . . . . . . . . . . . . . . . . . . 1223
33.9.1 Grammar and Syntactic {13} . . . . . . . . . . . . . . . . . 1223
33.9.2 Automaton {7} . . . . . . . . . . . . . . . . . . . . . . . . . . . 1226

33.10 Test and Error {27} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1226
33.10.1 Test {7} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1227
33.10.2 True {7} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1228
33.10.3 Error {13} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1229

34 Biometric Recognition {152} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1231
34.1 Human Biometrics {14} . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1231
34.2 Subspace Techniques {13} . . . . . . . . . . . . . . . . . . . . . . . . . . 1233
34.3 Face Recognition and Analysis {58} . . . . . . . . . . . . . . . . . . . 1236

34.3.1 Face Detection {14} . . . . . . . . . . . . . . . . . . . . . . . 1236
34.3.2 Face Tracking {12} . . . . . . . . . . . . . . . . . . . . . . . . 1239
34.3.3 Face Recognition {17} . . . . . . . . . . . . . . . . . . . . . 1241
34.3.4 Face Image Analysis {15} . . . . . . . . . . . . . . . . . . . 1244

34.4 Expression Analysis {25} . . . . . . . . . . . . . . . . . . . . . . . . . . . 1245
34.4.1 Facial Expression {11} . . . . . . . . . . . . . . . . . . . . . 1246
34.4.2 Facial Expression Analysis {14} . . . . . . . . . . . . . . 1247

34.5 Human Body Recognition {17} . . . . . . . . . . . . . . . . . . . . . . 1250
34.5.1 Human Motion {12} . . . . . . . . . . . . . . . . . . . . . . . 1250
34.5.2 Other Analysis {5} . . . . . . . . . . . . . . . . . . . . . . . . 1252

34.6 Other Biometrics {25} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1253
34.6.1 Fingerprint and Gesture {14} . . . . . . . . . . . . . . . . . 1253
34.6.2 More Biometrics {11} . . . . . . . . . . . . . . . . . . . . . . 1255

Part IV Image Understanding

35 Theory of Image Understanding {57} . . . . . . . . . . . . . . . . . . . . . . . 1259
35.1 Understanding Models {32} . . . . . . . . . . . . . . . . . . . . . . . . . 1259

35.1.1 Computational Structures {17} . . . . . . . . . . . . . . . . 1259
35.1.2 Active, Qualitative, and Purposive Vision {15} . . . . 1262

35.2 Marr’s Visual Computational Theory {25} . . . . . . . . . . . . . . 1265
35.2.1 Theory Framework {11} . . . . . . . . . . . . . . . . . . . . 1266

Contents xxiii

https://doi.org/10.1007/978-981-15-5873-3_33#Sec20
https://doi.org/10.1007/978-981-15-5873-3_33#Sec20
https://doi.org/10.1007/978-981-15-5873-3_33#Sec20
https://doi.org/10.1007/978-981-15-5873-3_33#Sec20
https://doi.org/10.1007/978-981-15-5873-3_33#Sec21
https://doi.org/10.1007/978-981-15-5873-3_33#Sec21
https://doi.org/10.1007/978-981-15-5873-3_33#Sec21
https://doi.org/10.1007/978-981-15-5873-3_33#Sec21
https://doi.org/10.1007/978-981-15-5873-3_33#Sec22
https://doi.org/10.1007/978-981-15-5873-3_33#Sec22
https://doi.org/10.1007/978-981-15-5873-3_33#Sec22
https://doi.org/10.1007/978-981-15-5873-3_33#Sec22
https://doi.org/10.1007/978-981-15-5873-3_33#Sec23
https://doi.org/10.1007/978-981-15-5873-3_33#Sec23
https://doi.org/10.1007/978-981-15-5873-3_33#Sec23
https://doi.org/10.1007/978-981-15-5873-3_33#Sec23
https://doi.org/10.1007/978-981-15-5873-3_33#Sec24
https://doi.org/10.1007/978-981-15-5873-3_33#Sec24
https://doi.org/10.1007/978-981-15-5873-3_33#Sec24
https://doi.org/10.1007/978-981-15-5873-3_33#Sec24
https://doi.org/10.1007/978-981-15-5873-3_33#Sec25
https://doi.org/10.1007/978-981-15-5873-3_33#Sec25
https://doi.org/10.1007/978-981-15-5873-3_33#Sec25
https://doi.org/10.1007/978-981-15-5873-3_33#Sec25
https://doi.org/10.1007/978-981-15-5873-3_33#Sec26
https://doi.org/10.1007/978-981-15-5873-3_33#Sec26
https://doi.org/10.1007/978-981-15-5873-3_33#Sec26
https://doi.org/10.1007/978-981-15-5873-3_33#Sec26
https://doi.org/10.1007/978-981-15-5873-3_33#Sec27
https://doi.org/10.1007/978-981-15-5873-3_33#Sec27
https://doi.org/10.1007/978-981-15-5873-3_33#Sec27
https://doi.org/10.1007/978-981-15-5873-3_33#Sec27
https://doi.org/10.1007/978-981-15-5873-3_33#Sec28
https://doi.org/10.1007/978-981-15-5873-3_33#Sec28
https://doi.org/10.1007/978-981-15-5873-3_33#Sec28
https://doi.org/10.1007/978-981-15-5873-3_33#Sec28
https://doi.org/10.1007/978-981-15-5873-3_33#Sec29
https://doi.org/10.1007/978-981-15-5873-3_33#Sec29
https://doi.org/10.1007/978-981-15-5873-3_33#Sec29
https://doi.org/10.1007/978-981-15-5873-3_33#Sec29
https://doi.org/10.1007/978-981-15-5873-3_33#Sec30
https://doi.org/10.1007/978-981-15-5873-3_33#Sec30
https://doi.org/10.1007/978-981-15-5873-3_33#Sec30
https://doi.org/10.1007/978-981-15-5873-3_33#Sec30
https://doi.org/10.1007/978-981-15-5873-3_33#Sec31
https://doi.org/10.1007/978-981-15-5873-3_33#Sec31
https://doi.org/10.1007/978-981-15-5873-3_33#Sec31
https://doi.org/10.1007/978-981-15-5873-3_33#Sec31
https://doi.org/10.1007/978-981-15-5873-3_33#Sec32
https://doi.org/10.1007/978-981-15-5873-3_33#Sec32
https://doi.org/10.1007/978-981-15-5873-3_33#Sec32
https://doi.org/10.1007/978-981-15-5873-3_33#Sec32
https://doi.org/10.1007/978-981-15-5873-3_33#Sec33
https://doi.org/10.1007/978-981-15-5873-3_33#Sec33
https://doi.org/10.1007/978-981-15-5873-3_33#Sec33
https://doi.org/10.1007/978-981-15-5873-3_33#Sec33
https://doi.org/10.1007/978-981-15-5873-3_33#Sec34
https://doi.org/10.1007/978-981-15-5873-3_33#Sec34
https://doi.org/10.1007/978-981-15-5873-3_33#Sec34
https://doi.org/10.1007/978-981-15-5873-3_33#Sec34
https://doi.org/10.1007/978-981-15-5873-3_33#Sec35
https://doi.org/10.1007/978-981-15-5873-3_33#Sec35
https://doi.org/10.1007/978-981-15-5873-3_33#Sec35
https://doi.org/10.1007/978-981-15-5873-3_33#Sec35
https://doi.org/10.1007/978-981-15-5873-3_34
https://doi.org/10.1007/978-981-15-5873-3_34
https://doi.org/10.1007/978-981-15-5873-3_34
https://doi.org/10.1007/978-981-15-5873-3_34
https://doi.org/10.1007/978-981-15-5873-3_34#Sec1
https://doi.org/10.1007/978-981-15-5873-3_34#Sec1
https://doi.org/10.1007/978-981-15-5873-3_34#Sec1
https://doi.org/10.1007/978-981-15-5873-3_34#Sec1
https://doi.org/10.1007/978-981-15-5873-3_34#Sec2
https://doi.org/10.1007/978-981-15-5873-3_34#Sec2
https://doi.org/10.1007/978-981-15-5873-3_34#Sec2
https://doi.org/10.1007/978-981-15-5873-3_34#Sec2
https://doi.org/10.1007/978-981-15-5873-3_34#Sec3
https://doi.org/10.1007/978-981-15-5873-3_34#Sec3
https://doi.org/10.1007/978-981-15-5873-3_34#Sec3
https://doi.org/10.1007/978-981-15-5873-3_34#Sec3
https://doi.org/10.1007/978-981-15-5873-3_34#Sec4
https://doi.org/10.1007/978-981-15-5873-3_34#Sec4
https://doi.org/10.1007/978-981-15-5873-3_34#Sec4
https://doi.org/10.1007/978-981-15-5873-3_34#Sec4
https://doi.org/10.1007/978-981-15-5873-3_34#Sec5
https://doi.org/10.1007/978-981-15-5873-3_34#Sec5
https://doi.org/10.1007/978-981-15-5873-3_34#Sec5
https://doi.org/10.1007/978-981-15-5873-3_34#Sec5
https://doi.org/10.1007/978-981-15-5873-3_34#Sec6
https://doi.org/10.1007/978-981-15-5873-3_34#Sec6
https://doi.org/10.1007/978-981-15-5873-3_34#Sec6
https://doi.org/10.1007/978-981-15-5873-3_34#Sec6
https://doi.org/10.1007/978-981-15-5873-3_34#Sec7
https://doi.org/10.1007/978-981-15-5873-3_34#Sec7
https://doi.org/10.1007/978-981-15-5873-3_34#Sec7
https://doi.org/10.1007/978-981-15-5873-3_34#Sec7
https://doi.org/10.1007/978-981-15-5873-3_34#Sec8
https://doi.org/10.1007/978-981-15-5873-3_34#Sec8
https://doi.org/10.1007/978-981-15-5873-3_34#Sec8
https://doi.org/10.1007/978-981-15-5873-3_34#Sec8
https://doi.org/10.1007/978-981-15-5873-3_34#Sec9
https://doi.org/10.1007/978-981-15-5873-3_34#Sec9
https://doi.org/10.1007/978-981-15-5873-3_34#Sec9
https://doi.org/10.1007/978-981-15-5873-3_34#Sec9
https://doi.org/10.1007/978-981-15-5873-3_34#Sec10
https://doi.org/10.1007/978-981-15-5873-3_34#Sec10
https://doi.org/10.1007/978-981-15-5873-3_34#Sec10
https://doi.org/10.1007/978-981-15-5873-3_34#Sec10
https://doi.org/10.1007/978-981-15-5873-3_34#Sec11
https://doi.org/10.1007/978-981-15-5873-3_34#Sec11
https://doi.org/10.1007/978-981-15-5873-3_34#Sec11
https://doi.org/10.1007/978-981-15-5873-3_34#Sec11
https://doi.org/10.1007/978-981-15-5873-3_34#Sec12
https://doi.org/10.1007/978-981-15-5873-3_34#Sec12
https://doi.org/10.1007/978-981-15-5873-3_34#Sec12
https://doi.org/10.1007/978-981-15-5873-3_34#Sec12
https://doi.org/10.1007/978-981-15-5873-3_34#Sec13
https://doi.org/10.1007/978-981-15-5873-3_34#Sec13
https://doi.org/10.1007/978-981-15-5873-3_34#Sec13
https://doi.org/10.1007/978-981-15-5873-3_34#Sec13
https://doi.org/10.1007/978-981-15-5873-3_34#Sec14
https://doi.org/10.1007/978-981-15-5873-3_34#Sec14
https://doi.org/10.1007/978-981-15-5873-3_34#Sec14
https://doi.org/10.1007/978-981-15-5873-3_34#Sec14
https://doi.org/10.1007/978-981-15-5873-3_34#Sec15
https://doi.org/10.1007/978-981-15-5873-3_34#Sec15
https://doi.org/10.1007/978-981-15-5873-3_34#Sec15
https://doi.org/10.1007/978-981-15-5873-3_34#Sec15
https://doi.org/10.1007/978-981-15-5873-3_34#Sec16
https://doi.org/10.1007/978-981-15-5873-3_34#Sec16
https://doi.org/10.1007/978-981-15-5873-3_34#Sec16
https://doi.org/10.1007/978-981-15-5873-3_34#Sec16
https://doi.org/10.1007/978-981-15-5873-3_35
https://doi.org/10.1007/978-981-15-5873-3_35
https://doi.org/10.1007/978-981-15-5873-3_35
https://doi.org/10.1007/978-981-15-5873-3_35
https://doi.org/10.1007/978-981-15-5873-3_35#Sec1
https://doi.org/10.1007/978-981-15-5873-3_35#Sec1
https://doi.org/10.1007/978-981-15-5873-3_35#Sec1
https://doi.org/10.1007/978-981-15-5873-3_35#Sec1
https://doi.org/10.1007/978-981-15-5873-3_35#Sec2
https://doi.org/10.1007/978-981-15-5873-3_35#Sec2
https://doi.org/10.1007/978-981-15-5873-3_35#Sec2
https://doi.org/10.1007/978-981-15-5873-3_35#Sec2
https://doi.org/10.1007/978-981-15-5873-3_35#Sec3
https://doi.org/10.1007/978-981-15-5873-3_35#Sec3
https://doi.org/10.1007/978-981-15-5873-3_35#Sec3
https://doi.org/10.1007/978-981-15-5873-3_35#Sec3
https://doi.org/10.1007/978-981-15-5873-3_35#Sec4
https://doi.org/10.1007/978-981-15-5873-3_35#Sec4
https://doi.org/10.1007/978-981-15-5873-3_35#Sec4
https://doi.org/10.1007/978-981-15-5873-3_35#Sec4
https://doi.org/10.1007/978-981-15-5873-3_35#Sec5
https://doi.org/10.1007/978-981-15-5873-3_35#Sec5
https://doi.org/10.1007/978-981-15-5873-3_35#Sec5
https://doi.org/10.1007/978-981-15-5873-3_35#Sec5


35.2.2 Three-Layer Representations {14} . . . . . . . . . . . . . 1268

36 3-D Representation and Description {224} . . . . . . . . . . . . . . . . . . . 1273
36.1 3-D Point and Curve {42} . . . . . . . . . . . . . . . . . . . . . . . . . . 1273

36.1.1 3-D Point {12} . . . . . . . . . . . . . . . . . . . . . . . . . . . 1273
36.1.2 Curve and Conic {17} . . . . . . . . . . . . . . . . . . . . . . 1275
36.1.3 3-D Curve {13} . . . . . . . . . . . . . . . . . . . . . . . . . . 1278

36.2 3-D Surface Representation {105} . . . . . . . . . . . . . . . . . . . . 1280
36.2.1 Surface {14} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1280
36.2.2 Surface Model {10} . . . . . . . . . . . . . . . . . . . . . . . 1282
36.2.3 Surface Representation {18} . . . . . . . . . . . . . . . . . 1284
36.2.4 Surface Description {14} . . . . . . . . . . . . . . . . . . . . 1289
36.2.5 Surface Classification {19} . . . . . . . . . . . . . . . . . . 1291
36.2.6 Curvature and Classification {10} . . . . . . . . . . . . . 1297
36.2.7 Various Surfaces {20} . . . . . . . . . . . . . . . . . . . . . . 1299

36.3 3-D Surface Construction {26} . . . . . . . . . . . . . . . . . . . . . . . 1304
36.3.1 Surface Construction {11} . . . . . . . . . . . . . . . . . . . 1304
36.3.2 Construction Techniques {15} . . . . . . . . . . . . . . . . 1306

36.4 Volumetric Representation {51} . . . . . . . . . . . . . . . . . . . . . . 1311
36.4.1 Volumetric Models {21} . . . . . . . . . . . . . . . . . . . . 1311
36.4.2 Volumetric Representation Methods {17} . . . . . . . . 1315
36.4.3 Generalized Cylinder Representation {13} . . . . . . . 1317

37 Stereo Vision {164} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1321
37.1 Stereo Vision Overview {78} . . . . . . . . . . . . . . . . . . . . . . . . 1321

37.1.1 Stereo {10} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1321
37.1.2 Stereo Vision {20} . . . . . . . . . . . . . . . . . . . . . . . . 1324
37.1.3 Disparity {12} . . . . . . . . . . . . . . . . . . . . . . . . . . . 1327

37.1.4 Constraint {10} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1330
37.1.5 Epipolar {13} . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1331
37.1.6 Rectification {13} . . . . . . . . . . . . . . . . . . . . . . . . . 1333

37.2 Binocular Stereo Vision {44} . . . . . . . . . . . . . . . . . . . . . . . . 1337
37.2.1 Binocular Vision {18} . . . . . . . . . . . . . . . . . . . . . . 1338
37.2.2 Correspondence {18} . . . . . . . . . . . . . . . . . . . . . . 1341
37.2.3 SIFT and SURF {8} . . . . . . . . . . . . . . . . . . . . . . . 1343

37.3 Multiple-Ocular Stereo Vision {42} . . . . . . . . . . . . . . . . . . . 1345
37.3.1 Multibaselines {12} . . . . . . . . . . . . . . . . . . . . . . . 1345
37.3.2 Trinocular {11} . . . . . . . . . . . . . . . . . . . . . . . . . . 1347
37.3.3 Multiple-Nocular {11} . . . . . . . . . . . . . . . . . . . . . 1349
37.3.4 Post-processing {8} . . . . . . . . . . . . . . . . . . . . . . . . 1351

38 Multi-image 3-D Scene Reconstruction {94} . . . . . . . . . . . . . . . . . . 1355
38.1 Scene Recovery {35} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1355

38.1.1 3-D Reconstruction {12} . . . . . . . . . . . . . . . . . . . . 1355
38.1.2 Depth Estimation {14} . . . . . . . . . . . . . . . . . . . . . 1357
38.1.3 Occlusion {9} . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1359

38.2 Photometric Stereo Analysis {19} . . . . . . . . . . . . . . . . . . . . . 1360
38.2.1 Photometric Stereo {7} . . . . . . . . . . . . . . . . . . . . . 1360

xxiv Contents

https://doi.org/10.1007/978-981-15-5873-3_35#Sec6
https://doi.org/10.1007/978-981-15-5873-3_35#Sec6
https://doi.org/10.1007/978-981-15-5873-3_35#Sec6
https://doi.org/10.1007/978-981-15-5873-3_35#Sec6
https://doi.org/10.1007/978-981-15-5873-3_36
https://doi.org/10.1007/978-981-15-5873-3_36
https://doi.org/10.1007/978-981-15-5873-3_36
https://doi.org/10.1007/978-981-15-5873-3_36
https://doi.org/10.1007/978-981-15-5873-3_36#Sec1
https://doi.org/10.1007/978-981-15-5873-3_36#Sec1
https://doi.org/10.1007/978-981-15-5873-3_36#Sec1
https://doi.org/10.1007/978-981-15-5873-3_36#Sec1
https://doi.org/10.1007/978-981-15-5873-3_36#Sec2
https://doi.org/10.1007/978-981-15-5873-3_36#Sec2
https://doi.org/10.1007/978-981-15-5873-3_36#Sec2
https://doi.org/10.1007/978-981-15-5873-3_36#Sec2
https://doi.org/10.1007/978-981-15-5873-3_36#Sec3
https://doi.org/10.1007/978-981-15-5873-3_36#Sec3
https://doi.org/10.1007/978-981-15-5873-3_36#Sec3
https://doi.org/10.1007/978-981-15-5873-3_36#Sec3
https://doi.org/10.1007/978-981-15-5873-3_36#Sec4
https://doi.org/10.1007/978-981-15-5873-3_36#Sec4
https://doi.org/10.1007/978-981-15-5873-3_36#Sec4
https://doi.org/10.1007/978-981-15-5873-3_36#Sec4
https://doi.org/10.1007/978-981-15-5873-3_36#Sec5
https://doi.org/10.1007/978-981-15-5873-3_36#Sec5
https://doi.org/10.1007/978-981-15-5873-3_36#Sec5
https://doi.org/10.1007/978-981-15-5873-3_36#Sec5
https://doi.org/10.1007/978-981-15-5873-3_36#Sec6
https://doi.org/10.1007/978-981-15-5873-3_36#Sec6
https://doi.org/10.1007/978-981-15-5873-3_36#Sec6
https://doi.org/10.1007/978-981-15-5873-3_36#Sec6
https://doi.org/10.1007/978-981-15-5873-3_36#Sec7
https://doi.org/10.1007/978-981-15-5873-3_36#Sec7
https://doi.org/10.1007/978-981-15-5873-3_36#Sec7
https://doi.org/10.1007/978-981-15-5873-3_36#Sec7
https://doi.org/10.1007/978-981-15-5873-3_36#Sec8
https://doi.org/10.1007/978-981-15-5873-3_36#Sec8
https://doi.org/10.1007/978-981-15-5873-3_36#Sec8
https://doi.org/10.1007/978-981-15-5873-3_36#Sec8
https://doi.org/10.1007/978-981-15-5873-3_36#Sec9
https://doi.org/10.1007/978-981-15-5873-3_36#Sec9
https://doi.org/10.1007/978-981-15-5873-3_36#Sec9
https://doi.org/10.1007/978-981-15-5873-3_36#Sec9
https://doi.org/10.1007/978-981-15-5873-3_36#Sec10
https://doi.org/10.1007/978-981-15-5873-3_36#Sec10
https://doi.org/10.1007/978-981-15-5873-3_36#Sec10
https://doi.org/10.1007/978-981-15-5873-3_36#Sec10
https://doi.org/10.1007/978-981-15-5873-3_36#Sec11
https://doi.org/10.1007/978-981-15-5873-3_36#Sec11
https://doi.org/10.1007/978-981-15-5873-3_36#Sec11
https://doi.org/10.1007/978-981-15-5873-3_36#Sec11
https://doi.org/10.1007/978-981-15-5873-3_36#Sec12
https://doi.org/10.1007/978-981-15-5873-3_36#Sec12
https://doi.org/10.1007/978-981-15-5873-3_36#Sec12
https://doi.org/10.1007/978-981-15-5873-3_36#Sec12
https://doi.org/10.1007/978-981-15-5873-3_36#Sec13
https://doi.org/10.1007/978-981-15-5873-3_36#Sec13
https://doi.org/10.1007/978-981-15-5873-3_36#Sec13
https://doi.org/10.1007/978-981-15-5873-3_36#Sec13
https://doi.org/10.1007/978-981-15-5873-3_36#Sec14
https://doi.org/10.1007/978-981-15-5873-3_36#Sec14
https://doi.org/10.1007/978-981-15-5873-3_36#Sec14
https://doi.org/10.1007/978-981-15-5873-3_36#Sec14
https://doi.org/10.1007/978-981-15-5873-3_36#Sec15
https://doi.org/10.1007/978-981-15-5873-3_36#Sec15
https://doi.org/10.1007/978-981-15-5873-3_36#Sec15
https://doi.org/10.1007/978-981-15-5873-3_36#Sec15
https://doi.org/10.1007/978-981-15-5873-3_36#Sec16
https://doi.org/10.1007/978-981-15-5873-3_36#Sec16
https://doi.org/10.1007/978-981-15-5873-3_36#Sec16
https://doi.org/10.1007/978-981-15-5873-3_36#Sec16
https://doi.org/10.1007/978-981-15-5873-3_36#Sec17
https://doi.org/10.1007/978-981-15-5873-3_36#Sec17
https://doi.org/10.1007/978-981-15-5873-3_36#Sec17
https://doi.org/10.1007/978-981-15-5873-3_36#Sec17
https://doi.org/10.1007/978-981-15-5873-3_36#Sec18
https://doi.org/10.1007/978-981-15-5873-3_36#Sec18
https://doi.org/10.1007/978-981-15-5873-3_36#Sec18
https://doi.org/10.1007/978-981-15-5873-3_36#Sec18
https://doi.org/10.1007/978-981-15-5873-3_36#Sec19
https://doi.org/10.1007/978-981-15-5873-3_36#Sec19
https://doi.org/10.1007/978-981-15-5873-3_36#Sec19
https://doi.org/10.1007/978-981-15-5873-3_36#Sec19
https://doi.org/10.1007/978-981-15-5873-3_37
https://doi.org/10.1007/978-981-15-5873-3_37
https://doi.org/10.1007/978-981-15-5873-3_37
https://doi.org/10.1007/978-981-15-5873-3_37
https://doi.org/10.1007/978-981-15-5873-3_37#Sec1
https://doi.org/10.1007/978-981-15-5873-3_37#Sec1
https://doi.org/10.1007/978-981-15-5873-3_37#Sec1
https://doi.org/10.1007/978-981-15-5873-3_37#Sec1
https://doi.org/10.1007/978-981-15-5873-3_37#Sec2
https://doi.org/10.1007/978-981-15-5873-3_37#Sec2
https://doi.org/10.1007/978-981-15-5873-3_37#Sec2
https://doi.org/10.1007/978-981-15-5873-3_37#Sec2
https://doi.org/10.1007/978-981-15-5873-3_37#Sec3
https://doi.org/10.1007/978-981-15-5873-3_37#Sec3
https://doi.org/10.1007/978-981-15-5873-3_37#Sec3
https://doi.org/10.1007/978-981-15-5873-3_37#Sec3
https://doi.org/10.1007/978-981-15-5873-3_37#Sec4
https://doi.org/10.1007/978-981-15-5873-3_37#Sec4
https://doi.org/10.1007/978-981-15-5873-3_37#Sec4
https://doi.org/10.1007/978-981-15-5873-3_37#Sec4
https://doi.org/10.1007/978-981-15-5873-3_37#Sec5
https://doi.org/10.1007/978-981-15-5873-3_37#Sec5
https://doi.org/10.1007/978-981-15-5873-3_37#Sec5
https://doi.org/10.1007/978-981-15-5873-3_37#Sec5
https://doi.org/10.1007/978-981-15-5873-3_37#Sec6
https://doi.org/10.1007/978-981-15-5873-3_37#Sec6
https://doi.org/10.1007/978-981-15-5873-3_37#Sec6
https://doi.org/10.1007/978-981-15-5873-3_37#Sec6
https://doi.org/10.1007/978-981-15-5873-3_37#Sec7
https://doi.org/10.1007/978-981-15-5873-3_37#Sec7
https://doi.org/10.1007/978-981-15-5873-3_37#Sec7
https://doi.org/10.1007/978-981-15-5873-3_37#Sec7
https://doi.org/10.1007/978-981-15-5873-3_37#Sec8
https://doi.org/10.1007/978-981-15-5873-3_37#Sec8
https://doi.org/10.1007/978-981-15-5873-3_37#Sec8
https://doi.org/10.1007/978-981-15-5873-3_37#Sec8
https://doi.org/10.1007/978-981-15-5873-3_37#Sec9
https://doi.org/10.1007/978-981-15-5873-3_37#Sec9
https://doi.org/10.1007/978-981-15-5873-3_37#Sec9
https://doi.org/10.1007/978-981-15-5873-3_37#Sec9
https://doi.org/10.1007/978-981-15-5873-3_37#Sec10
https://doi.org/10.1007/978-981-15-5873-3_37#Sec10
https://doi.org/10.1007/978-981-15-5873-3_37#Sec10
https://doi.org/10.1007/978-981-15-5873-3_37#Sec10
https://doi.org/10.1007/978-981-15-5873-3_37#Sec11
https://doi.org/10.1007/978-981-15-5873-3_37#Sec11
https://doi.org/10.1007/978-981-15-5873-3_37#Sec11
https://doi.org/10.1007/978-981-15-5873-3_37#Sec11
https://doi.org/10.1007/978-981-15-5873-3_37#Sec12
https://doi.org/10.1007/978-981-15-5873-3_37#Sec12
https://doi.org/10.1007/978-981-15-5873-3_37#Sec12
https://doi.org/10.1007/978-981-15-5873-3_37#Sec12
https://doi.org/10.1007/978-981-15-5873-3_37#Sec13
https://doi.org/10.1007/978-981-15-5873-3_37#Sec13
https://doi.org/10.1007/978-981-15-5873-3_37#Sec13
https://doi.org/10.1007/978-981-15-5873-3_37#Sec13
https://doi.org/10.1007/978-981-15-5873-3_37#Sec14
https://doi.org/10.1007/978-981-15-5873-3_37#Sec14
https://doi.org/10.1007/978-981-15-5873-3_37#Sec14
https://doi.org/10.1007/978-981-15-5873-3_37#Sec14
https://doi.org/10.1007/978-981-15-5873-3_37#Sec15
https://doi.org/10.1007/978-981-15-5873-3_37#Sec15
https://doi.org/10.1007/978-981-15-5873-3_37#Sec15
https://doi.org/10.1007/978-981-15-5873-3_37#Sec15
https://doi.org/10.1007/978-981-15-5873-3_37#Sec16
https://doi.org/10.1007/978-981-15-5873-3_37#Sec16
https://doi.org/10.1007/978-981-15-5873-3_37#Sec16
https://doi.org/10.1007/978-981-15-5873-3_37#Sec16
https://doi.org/10.1007/978-981-15-5873-3_38
https://doi.org/10.1007/978-981-15-5873-3_38
https://doi.org/10.1007/978-981-15-5873-3_38
https://doi.org/10.1007/978-981-15-5873-3_38
https://doi.org/10.1007/978-981-15-5873-3_38#Sec1
https://doi.org/10.1007/978-981-15-5873-3_38#Sec1
https://doi.org/10.1007/978-981-15-5873-3_38#Sec1
https://doi.org/10.1007/978-981-15-5873-3_38#Sec1
https://doi.org/10.1007/978-981-15-5873-3_38#Sec2
https://doi.org/10.1007/978-981-15-5873-3_38#Sec2
https://doi.org/10.1007/978-981-15-5873-3_38#Sec2
https://doi.org/10.1007/978-981-15-5873-3_38#Sec2
https://doi.org/10.1007/978-981-15-5873-3_38#Sec3
https://doi.org/10.1007/978-981-15-5873-3_38#Sec3
https://doi.org/10.1007/978-981-15-5873-3_38#Sec3
https://doi.org/10.1007/978-981-15-5873-3_38#Sec3
https://doi.org/10.1007/978-981-15-5873-3_38#Sec4
https://doi.org/10.1007/978-981-15-5873-3_38#Sec4
https://doi.org/10.1007/978-981-15-5873-3_38#Sec4
https://doi.org/10.1007/978-981-15-5873-3_38#Sec4
https://doi.org/10.1007/978-981-15-5873-3_38#Sec5
https://doi.org/10.1007/978-981-15-5873-3_38#Sec5
https://doi.org/10.1007/978-981-15-5873-3_38#Sec5
https://doi.org/10.1007/978-981-15-5873-3_38#Sec5
https://doi.org/10.1007/978-981-15-5873-3_38#Sec6
https://doi.org/10.1007/978-981-15-5873-3_38#Sec6
https://doi.org/10.1007/978-981-15-5873-3_38#Sec6
https://doi.org/10.1007/978-981-15-5873-3_38#Sec6


38.2.2 Illumination Models {12} . . . . . . . . . . . . . . . . . . . 1362
38.3 Shape from X {40} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1364

38.3.1 Various reconstructions {14} . . . . . . . . . . . . . . . . . 1364
38.3.2 Structure from Motion {15} . . . . . . . . . . . . . . . . . . 1366
38.3.3 Shape from Optical Flow {11} . . . . . . . . . . . . . . . . 1370

39 Single-Image 3-D Scene Reconstruction {66} . . . . . . . . . . . . . . . . . 1373
39.1 Single-Image Reconstruction {13} . . . . . . . . . . . . . . . . . . . . 1373
39.2 Various Reconstruction Cues {53} . . . . . . . . . . . . . . . . . . . . 1376

39.2.1 Focus {8} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1376
39.2.2 Texture {15} . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1378
39.2.3 Shading {11} . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1382
39.2.4 Shadow {13} . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1384
39.2.5 Other Cues {6} . . . . . . . . . . . . . . . . . . . . . . . . . . . 1387

40 Knowledge and Learning {198} . . . . . . . . . . . . . . . . . . . . . . . . . . . 1389
40.1 Knowledge and Model {68} . . . . . . . . . . . . . . . . . . . . . . . . . 1389

40.1.1 Knowledge Classification {16} . . . . . . . . . . . . . . . 1389
40.1.2 Procedure Knowledge {19} . . . . . . . . . . . . . . . . . . 1392
40.1.3 Models {13} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1396
40.1.4 Model Functions {20} . . . . . . . . . . . . . . . . . . . . . . 1398

40.2 Knowledge Representation Schemes {41} . . . . . . . . . . . . . . . 1401
40.2.1 Knowledge Representation Models {14} . . . . . . . . 1401
40.2.2 Knowledge Base {11} . . . . . . . . . . . . . . . . . . . . . . 1404
40.2.3 Logic System {16} . . . . . . . . . . . . . . . . . . . . . . . . 1405

40.3 Learning {61} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1408
40.3.1 Statistical Learning {17} . . . . . . . . . . . . . . . . . . . . 1408
40.3.2 Machine Learning {17} . . . . . . . . . . . . . . . . . . . . . 1411
40.3.3 Zero-Shot and Ensemble Learning {12} . . . . . . . . . 1414
40.3.4 Various Learning Methods {15} . . . . . . . . . . . . . . . 1416

40.4 Inference {28} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1418
40.4.1 Inference Classification {15} . . . . . . . . . . . . . . . . . 1419
40.4.2 Propagation {13} . . . . . . . . . . . . . . . . . . . . . . . . . 1421

41 General Image Matching {196} . . . . . . . . . . . . . . . . . . . . . . . . . . . 1429
41.1 General Matching {45} . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1429

41.1.1 Matching {17} . . . . . . . . . . . . . . . . . . . . . . . . . . . 1429
41.1.2 Matching Function {13} . . . . . . . . . . . . . . . . . . . . 1433
41.1.3 Matching Techniques {15} . . . . . . . . . . . . . . . . . . 1436

41.2 Image Matching {68} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1441
41.2.1 Image Matching Techniques {9} . . . . . . . . . . . . . . 1441
41.2.2 Feature Matching Techniques {12} . . . . . . . . . . . . 1442
41.2.3 Correlation and Cross-Correlation {15} . . . . . . . . . 1444
41.2.4 Mask Matching Techniques {13} . . . . . . . . . . . . . . 1447
41.2.5 Diverse Matching Techniques {19} . . . . . . . . . . . . 1450

41.3 Image Registration {48} . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1454

Contents xxv

https://doi.org/10.1007/978-981-15-5873-3_38#Sec7
https://doi.org/10.1007/978-981-15-5873-3_38#Sec7
https://doi.org/10.1007/978-981-15-5873-3_38#Sec7
https://doi.org/10.1007/978-981-15-5873-3_38#Sec7
https://doi.org/10.1007/978-981-15-5873-3_38#Sec8
https://doi.org/10.1007/978-981-15-5873-3_38#Sec8
https://doi.org/10.1007/978-981-15-5873-3_38#Sec8
https://doi.org/10.1007/978-981-15-5873-3_38#Sec8
https://doi.org/10.1007/978-981-15-5873-3_38#Sec9
https://doi.org/10.1007/978-981-15-5873-3_38#Sec9
https://doi.org/10.1007/978-981-15-5873-3_38#Sec9
https://doi.org/10.1007/978-981-15-5873-3_38#Sec9
https://doi.org/10.1007/978-981-15-5873-3_38#Sec10
https://doi.org/10.1007/978-981-15-5873-3_38#Sec10
https://doi.org/10.1007/978-981-15-5873-3_38#Sec10
https://doi.org/10.1007/978-981-15-5873-3_38#Sec10
https://doi.org/10.1007/978-981-15-5873-3_38#Sec11
https://doi.org/10.1007/978-981-15-5873-3_38#Sec11
https://doi.org/10.1007/978-981-15-5873-3_38#Sec11
https://doi.org/10.1007/978-981-15-5873-3_38#Sec11
https://doi.org/10.1007/978-981-15-5873-3_39
https://doi.org/10.1007/978-981-15-5873-3_39
https://doi.org/10.1007/978-981-15-5873-3_39
https://doi.org/10.1007/978-981-15-5873-3_39
https://doi.org/10.1007/978-981-15-5873-3_39#Sec1
https://doi.org/10.1007/978-981-15-5873-3_39#Sec1
https://doi.org/10.1007/978-981-15-5873-3_39#Sec1
https://doi.org/10.1007/978-981-15-5873-3_39#Sec1
https://doi.org/10.1007/978-981-15-5873-3_39#Sec2
https://doi.org/10.1007/978-981-15-5873-3_39#Sec2
https://doi.org/10.1007/978-981-15-5873-3_39#Sec2
https://doi.org/10.1007/978-981-15-5873-3_39#Sec2
https://doi.org/10.1007/978-981-15-5873-3_39#Sec3
https://doi.org/10.1007/978-981-15-5873-3_39#Sec3
https://doi.org/10.1007/978-981-15-5873-3_39#Sec3
https://doi.org/10.1007/978-981-15-5873-3_39#Sec3
https://doi.org/10.1007/978-981-15-5873-3_39#Sec4
https://doi.org/10.1007/978-981-15-5873-3_39#Sec4
https://doi.org/10.1007/978-981-15-5873-3_39#Sec4
https://doi.org/10.1007/978-981-15-5873-3_39#Sec4
https://doi.org/10.1007/978-981-15-5873-3_39#Sec5
https://doi.org/10.1007/978-981-15-5873-3_39#Sec5
https://doi.org/10.1007/978-981-15-5873-3_39#Sec5
https://doi.org/10.1007/978-981-15-5873-3_39#Sec5
https://doi.org/10.1007/978-981-15-5873-3_39#Sec6
https://doi.org/10.1007/978-981-15-5873-3_39#Sec6
https://doi.org/10.1007/978-981-15-5873-3_39#Sec6
https://doi.org/10.1007/978-981-15-5873-3_39#Sec6
https://doi.org/10.1007/978-981-15-5873-3_39#Sec7
https://doi.org/10.1007/978-981-15-5873-3_39#Sec7
https://doi.org/10.1007/978-981-15-5873-3_39#Sec7
https://doi.org/10.1007/978-981-15-5873-3_39#Sec7
https://doi.org/10.1007/978-981-15-5873-3_40
https://doi.org/10.1007/978-981-15-5873-3_40
https://doi.org/10.1007/978-981-15-5873-3_40
https://doi.org/10.1007/978-981-15-5873-3_40
https://doi.org/10.1007/978-981-15-5873-3_40#Sec1
https://doi.org/10.1007/978-981-15-5873-3_40#Sec1
https://doi.org/10.1007/978-981-15-5873-3_40#Sec1
https://doi.org/10.1007/978-981-15-5873-3_40#Sec1
https://doi.org/10.1007/978-981-15-5873-3_40#Sec2
https://doi.org/10.1007/978-981-15-5873-3_40#Sec2
https://doi.org/10.1007/978-981-15-5873-3_40#Sec2
https://doi.org/10.1007/978-981-15-5873-3_40#Sec2
https://doi.org/10.1007/978-981-15-5873-3_40#Sec3
https://doi.org/10.1007/978-981-15-5873-3_40#Sec3
https://doi.org/10.1007/978-981-15-5873-3_40#Sec3
https://doi.org/10.1007/978-981-15-5873-3_40#Sec3
https://doi.org/10.1007/978-981-15-5873-3_40#Sec4
https://doi.org/10.1007/978-981-15-5873-3_40#Sec4
https://doi.org/10.1007/978-981-15-5873-3_40#Sec4
https://doi.org/10.1007/978-981-15-5873-3_40#Sec4
https://doi.org/10.1007/978-981-15-5873-3_40#Sec5
https://doi.org/10.1007/978-981-15-5873-3_40#Sec5
https://doi.org/10.1007/978-981-15-5873-3_40#Sec5
https://doi.org/10.1007/978-981-15-5873-3_40#Sec5
https://doi.org/10.1007/978-981-15-5873-3_40#Sec6
https://doi.org/10.1007/978-981-15-5873-3_40#Sec6
https://doi.org/10.1007/978-981-15-5873-3_40#Sec6
https://doi.org/10.1007/978-981-15-5873-3_40#Sec6
https://doi.org/10.1007/978-981-15-5873-3_40#Sec7
https://doi.org/10.1007/978-981-15-5873-3_40#Sec7
https://doi.org/10.1007/978-981-15-5873-3_40#Sec7
https://doi.org/10.1007/978-981-15-5873-3_40#Sec7
https://doi.org/10.1007/978-981-15-5873-3_40#Sec8
https://doi.org/10.1007/978-981-15-5873-3_40#Sec8
https://doi.org/10.1007/978-981-15-5873-3_40#Sec8
https://doi.org/10.1007/978-981-15-5873-3_40#Sec8
https://doi.org/10.1007/978-981-15-5873-3_40#Sec9
https://doi.org/10.1007/978-981-15-5873-3_40#Sec9
https://doi.org/10.1007/978-981-15-5873-3_40#Sec9
https://doi.org/10.1007/978-981-15-5873-3_40#Sec9
https://doi.org/10.1007/978-981-15-5873-3_40#Sec10
https://doi.org/10.1007/978-981-15-5873-3_40#Sec10
https://doi.org/10.1007/978-981-15-5873-3_40#Sec10
https://doi.org/10.1007/978-981-15-5873-3_40#Sec10
https://doi.org/10.1007/978-981-15-5873-3_40#Sec11
https://doi.org/10.1007/978-981-15-5873-3_40#Sec11
https://doi.org/10.1007/978-981-15-5873-3_40#Sec11
https://doi.org/10.1007/978-981-15-5873-3_40#Sec11
https://doi.org/10.1007/978-981-15-5873-3_40#Sec12
https://doi.org/10.1007/978-981-15-5873-3_40#Sec12
https://doi.org/10.1007/978-981-15-5873-3_40#Sec12
https://doi.org/10.1007/978-981-15-5873-3_40#Sec12
https://doi.org/10.1007/978-981-15-5873-3_40#Sec13
https://doi.org/10.1007/978-981-15-5873-3_40#Sec13
https://doi.org/10.1007/978-981-15-5873-3_40#Sec13
https://doi.org/10.1007/978-981-15-5873-3_40#Sec13
https://doi.org/10.1007/978-981-15-5873-3_40#Sec14
https://doi.org/10.1007/978-981-15-5873-3_40#Sec14
https://doi.org/10.1007/978-981-15-5873-3_40#Sec14
https://doi.org/10.1007/978-981-15-5873-3_40#Sec14
https://doi.org/10.1007/978-981-15-5873-3_40#Sec15
https://doi.org/10.1007/978-981-15-5873-3_40#Sec15
https://doi.org/10.1007/978-981-15-5873-3_40#Sec15
https://doi.org/10.1007/978-981-15-5873-3_40#Sec15
https://doi.org/10.1007/978-981-15-5873-3_40#Sec16
https://doi.org/10.1007/978-981-15-5873-3_40#Sec16
https://doi.org/10.1007/978-981-15-5873-3_40#Sec16
https://doi.org/10.1007/978-981-15-5873-3_40#Sec16
https://doi.org/10.1007/978-981-15-5873-3_40#Sec17
https://doi.org/10.1007/978-981-15-5873-3_40#Sec17
https://doi.org/10.1007/978-981-15-5873-3_40#Sec17
https://doi.org/10.1007/978-981-15-5873-3_40#Sec17
https://doi.org/10.1007/978-981-15-5873-3_41
https://doi.org/10.1007/978-981-15-5873-3_41
https://doi.org/10.1007/978-981-15-5873-3_41
https://doi.org/10.1007/978-981-15-5873-3_41
https://doi.org/10.1007/978-981-15-5873-3_41#Sec1
https://doi.org/10.1007/978-981-15-5873-3_41#Sec1
https://doi.org/10.1007/978-981-15-5873-3_41#Sec1
https://doi.org/10.1007/978-981-15-5873-3_41#Sec1
https://doi.org/10.1007/978-981-15-5873-3_41#Sec2
https://doi.org/10.1007/978-981-15-5873-3_41#Sec2
https://doi.org/10.1007/978-981-15-5873-3_41#Sec2
https://doi.org/10.1007/978-981-15-5873-3_41#Sec2
https://doi.org/10.1007/978-981-15-5873-3_41#Sec3
https://doi.org/10.1007/978-981-15-5873-3_41#Sec3
https://doi.org/10.1007/978-981-15-5873-3_41#Sec3
https://doi.org/10.1007/978-981-15-5873-3_41#Sec3
https://doi.org/10.1007/978-981-15-5873-3_41#Sec4
https://doi.org/10.1007/978-981-15-5873-3_41#Sec4
https://doi.org/10.1007/978-981-15-5873-3_41#Sec4
https://doi.org/10.1007/978-981-15-5873-3_41#Sec4
https://doi.org/10.1007/978-981-15-5873-3_41#Sec5
https://doi.org/10.1007/978-981-15-5873-3_41#Sec5
https://doi.org/10.1007/978-981-15-5873-3_41#Sec5
https://doi.org/10.1007/978-981-15-5873-3_41#Sec5
https://doi.org/10.1007/978-981-15-5873-3_41#Sec6
https://doi.org/10.1007/978-981-15-5873-3_41#Sec6
https://doi.org/10.1007/978-981-15-5873-3_41#Sec6
https://doi.org/10.1007/978-981-15-5873-3_41#Sec6
https://doi.org/10.1007/978-981-15-5873-3_41#Sec7
https://doi.org/10.1007/978-981-15-5873-3_41#Sec7
https://doi.org/10.1007/978-981-15-5873-3_41#Sec7
https://doi.org/10.1007/978-981-15-5873-3_41#Sec7
https://doi.org/10.1007/978-981-15-5873-3_41#Sec8
https://doi.org/10.1007/978-981-15-5873-3_41#Sec8
https://doi.org/10.1007/978-981-15-5873-3_41#Sec8
https://doi.org/10.1007/978-981-15-5873-3_41#Sec8
https://doi.org/10.1007/978-981-15-5873-3_41#Sec9
https://doi.org/10.1007/978-981-15-5873-3_41#Sec9
https://doi.org/10.1007/978-981-15-5873-3_41#Sec9
https://doi.org/10.1007/978-981-15-5873-3_41#Sec9
https://doi.org/10.1007/978-981-15-5873-3_41#Sec10
https://doi.org/10.1007/978-981-15-5873-3_41#Sec10
https://doi.org/10.1007/978-981-15-5873-3_41#Sec10
https://doi.org/10.1007/978-981-15-5873-3_41#Sec10
https://doi.org/10.1007/978-981-15-5873-3_41#Sec11
https://doi.org/10.1007/978-981-15-5873-3_41#Sec11
https://doi.org/10.1007/978-981-15-5873-3_41#Sec11
https://doi.org/10.1007/978-981-15-5873-3_41#Sec11


41.3.1 Registration {17} . . . . . . . . . . . . . . . . . . . . . . . . . 1454
41.3.2 Image Registration Methods {13} . . . . . . . . . . . . . 1457
41.3.3 Image Alignment {8} . . . . . . . . . . . . . . . . . . . . . . 1459
41.3.4 Image Warping {10} . . . . . . . . . . . . . . . . . . . . . . . 1460

41.4 Graph Isomorphism and Line Drawing {35} . . . . . . . . . . . . . 1462
41.4.1 Graph Matching {9} . . . . . . . . . . . . . . . . . . . . . . . 1462
41.4.2 Line Drawing {18} . . . . . . . . . . . . . . . . . . . . . . . . 1464
41.4.3 Contour Labeling {8} . . . . . . . . . . . . . . . . . . . . . . 1467

42 Scene Analysis and Interpretation {123} . . . . . . . . . . . . . . . . . . . . 1471
42.1 Scene Interpretation {56} . . . . . . . . . . . . . . . . . . . . . . . . . . . 1471

42.1.1 Image Scene {13} . . . . . . . . . . . . . . . . . . . . . . . . . 1471
42.1.2 Scene Analysis {14} . . . . . . . . . . . . . . . . . . . . . . . 1474
42.1.3 Scene Understanding {14} . . . . . . . . . . . . . . . . . . . 1475
42.1.4 Scene Knowledge {15} . . . . . . . . . . . . . . . . . . . . . 1477

42.2 Interpretation Techniques {67} . . . . . . . . . . . . . . . . . . . . . . . 1479
42.2.1 Soft Computing {13} . . . . . . . . . . . . . . . . . . . . . . 1480
42.2.2 Labeling {8} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1482
42.2.3 Fuzzy Set {10} . . . . . . . . . . . . . . . . . . . . . . . . . . . 1483
42.2.4 Fuzzy Calculation {16} . . . . . . . . . . . . . . . . . . . . . 1485
42.2.5 Classification Models {20} . . . . . . . . . . . . . . . . . . 1488

43 Image Information Fusion {88} . . . . . . . . . . . . . . . . . . . . . . . . . . . 1493
43.1 Information Fusion {33} . . . . . . . . . . . . . . . . . . . . . . . . . . . 1493

43.1.1 Multi-sensor Fusion {19} . . . . . . . . . . . . . . . . . . . 1493
43.1.2 Mosaic Fusion Techniques {14} . . . . . . . . . . . . . . 1496

43.2 Evaluation of Fusion Result {19} . . . . . . . . . . . . . . . . . . . . . 1499
43.3 Layered Fusion Techniques {36} . . . . . . . . . . . . . . . . . . . . . 1504

43.3.1 Three Layers {8} . . . . . . . . . . . . . . . . . . . . . . . . . 1505
43.3.2 Method for Pixel Layer Fusion {10} . . . . . . . . . . . . 1507
43.3.3 Method for Feature Layer Fusion {8} . . . . . . . . . . . 1509
43.3.4 Method for Decision Layer Fusion {10} . . . . . . . . . 1509

44 Content-Based Retrieval {194} . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1513
44.1 Visual Information Retrieval {66} . . . . . . . . . . . . . . . . . . . . 1513

44.1.1 Information Content Retrieval {11} . . . . . . . . . . . . 1513
44.1.2 Image Retrieval {14} . . . . . . . . . . . . . . . . . . . . . . 1515
44.1.3 Image Querying {12} . . . . . . . . . . . . . . . . . . . . . . 1518
44.1.4 Database Indexing {14} . . . . . . . . . . . . . . . . . . . . . 1520
44.1.5 Image Indexing {15} . . . . . . . . . . . . . . . . . . . . . . . 1522

44.2 Feature-Based Retrieval {28} . . . . . . . . . . . . . . . . . . . . . . . . 1525
44.2.1 Features and Retrieval {17} . . . . . . . . . . . . . . . . . . 1526
44.2.2 Color-Based Retrieval {11} . . . . . . . . . . . . . . . . . . 1529

44.3 Video Organization and Retrieval {51} . . . . . . . . . . . . . . . . . 1532
44.3.1 Video Organization {15} . . . . . . . . . . . . . . . . . . . . 1532
44.3.2 Abrupt and Gradual Changes {17} . . . . . . . . . . . . . 1535
44.3.3 Video Structuring {9} . . . . . . . . . . . . . . . . . . . . . . 1538

xxvi Contents

https://doi.org/10.1007/978-981-15-5873-3_41#Sec12
https://doi.org/10.1007/978-981-15-5873-3_41#Sec12
https://doi.org/10.1007/978-981-15-5873-3_41#Sec12
https://doi.org/10.1007/978-981-15-5873-3_41#Sec12
https://doi.org/10.1007/978-981-15-5873-3_41#Sec13
https://doi.org/10.1007/978-981-15-5873-3_41#Sec13
https://doi.org/10.1007/978-981-15-5873-3_41#Sec13
https://doi.org/10.1007/978-981-15-5873-3_41#Sec13
https://doi.org/10.1007/978-981-15-5873-3_41#Sec14
https://doi.org/10.1007/978-981-15-5873-3_41#Sec14
https://doi.org/10.1007/978-981-15-5873-3_41#Sec14
https://doi.org/10.1007/978-981-15-5873-3_41#Sec14
https://doi.org/10.1007/978-981-15-5873-3_41#Sec15
https://doi.org/10.1007/978-981-15-5873-3_41#Sec15
https://doi.org/10.1007/978-981-15-5873-3_41#Sec15
https://doi.org/10.1007/978-981-15-5873-3_41#Sec15
https://doi.org/10.1007/978-981-15-5873-3_41#Sec16
https://doi.org/10.1007/978-981-15-5873-3_41#Sec16
https://doi.org/10.1007/978-981-15-5873-3_41#Sec16
https://doi.org/10.1007/978-981-15-5873-3_41#Sec16
https://doi.org/10.1007/978-981-15-5873-3_41#Sec17
https://doi.org/10.1007/978-981-15-5873-3_41#Sec17
https://doi.org/10.1007/978-981-15-5873-3_41#Sec17
https://doi.org/10.1007/978-981-15-5873-3_41#Sec17
https://doi.org/10.1007/978-981-15-5873-3_41#Sec18
https://doi.org/10.1007/978-981-15-5873-3_41#Sec18
https://doi.org/10.1007/978-981-15-5873-3_41#Sec18
https://doi.org/10.1007/978-981-15-5873-3_41#Sec18
https://doi.org/10.1007/978-981-15-5873-3_41#Sec19
https://doi.org/10.1007/978-981-15-5873-3_41#Sec19
https://doi.org/10.1007/978-981-15-5873-3_41#Sec19
https://doi.org/10.1007/978-981-15-5873-3_41#Sec19
https://doi.org/10.1007/978-981-15-5873-3_42
https://doi.org/10.1007/978-981-15-5873-3_42
https://doi.org/10.1007/978-981-15-5873-3_42
https://doi.org/10.1007/978-981-15-5873-3_42
https://doi.org/10.1007/978-981-15-5873-3_42#Sec1
https://doi.org/10.1007/978-981-15-5873-3_42#Sec1
https://doi.org/10.1007/978-981-15-5873-3_42#Sec1
https://doi.org/10.1007/978-981-15-5873-3_42#Sec1
https://doi.org/10.1007/978-981-15-5873-3_42#Sec2
https://doi.org/10.1007/978-981-15-5873-3_42#Sec2
https://doi.org/10.1007/978-981-15-5873-3_42#Sec2
https://doi.org/10.1007/978-981-15-5873-3_42#Sec2
https://doi.org/10.1007/978-981-15-5873-3_42#Sec3
https://doi.org/10.1007/978-981-15-5873-3_42#Sec3
https://doi.org/10.1007/978-981-15-5873-3_42#Sec3
https://doi.org/10.1007/978-981-15-5873-3_42#Sec3
https://doi.org/10.1007/978-981-15-5873-3_42#Sec4
https://doi.org/10.1007/978-981-15-5873-3_42#Sec4
https://doi.org/10.1007/978-981-15-5873-3_42#Sec4
https://doi.org/10.1007/978-981-15-5873-3_42#Sec4
https://doi.org/10.1007/978-981-15-5873-3_42#Sec5
https://doi.org/10.1007/978-981-15-5873-3_42#Sec5
https://doi.org/10.1007/978-981-15-5873-3_42#Sec5
https://doi.org/10.1007/978-981-15-5873-3_42#Sec5
https://doi.org/10.1007/978-981-15-5873-3_42#Sec6
https://doi.org/10.1007/978-981-15-5873-3_42#Sec6
https://doi.org/10.1007/978-981-15-5873-3_42#Sec6
https://doi.org/10.1007/978-981-15-5873-3_42#Sec6
https://doi.org/10.1007/978-981-15-5873-3_42#Sec7
https://doi.org/10.1007/978-981-15-5873-3_42#Sec7
https://doi.org/10.1007/978-981-15-5873-3_42#Sec7
https://doi.org/10.1007/978-981-15-5873-3_42#Sec7
https://doi.org/10.1007/978-981-15-5873-3_42#Sec8
https://doi.org/10.1007/978-981-15-5873-3_42#Sec8
https://doi.org/10.1007/978-981-15-5873-3_42#Sec8
https://doi.org/10.1007/978-981-15-5873-3_42#Sec8
https://doi.org/10.1007/978-981-15-5873-3_42#Sec9
https://doi.org/10.1007/978-981-15-5873-3_42#Sec9
https://doi.org/10.1007/978-981-15-5873-3_42#Sec9
https://doi.org/10.1007/978-981-15-5873-3_42#Sec9
https://doi.org/10.1007/978-981-15-5873-3_42#Sec10
https://doi.org/10.1007/978-981-15-5873-3_42#Sec10
https://doi.org/10.1007/978-981-15-5873-3_42#Sec10
https://doi.org/10.1007/978-981-15-5873-3_42#Sec10
https://doi.org/10.1007/978-981-15-5873-3_42#Sec11
https://doi.org/10.1007/978-981-15-5873-3_42#Sec11
https://doi.org/10.1007/978-981-15-5873-3_42#Sec11
https://doi.org/10.1007/978-981-15-5873-3_42#Sec11
https://doi.org/10.1007/978-981-15-5873-3_43
https://doi.org/10.1007/978-981-15-5873-3_43
https://doi.org/10.1007/978-981-15-5873-3_43
https://doi.org/10.1007/978-981-15-5873-3_43
https://doi.org/10.1007/978-981-15-5873-3_43#Sec1
https://doi.org/10.1007/978-981-15-5873-3_43#Sec1
https://doi.org/10.1007/978-981-15-5873-3_43#Sec1
https://doi.org/10.1007/978-981-15-5873-3_43#Sec1
https://doi.org/10.1007/978-981-15-5873-3_43#Sec2
https://doi.org/10.1007/978-981-15-5873-3_43#Sec2
https://doi.org/10.1007/978-981-15-5873-3_43#Sec2
https://doi.org/10.1007/978-981-15-5873-3_43#Sec2
https://doi.org/10.1007/978-981-15-5873-3_43#Sec3
https://doi.org/10.1007/978-981-15-5873-3_43#Sec3
https://doi.org/10.1007/978-981-15-5873-3_43#Sec3
https://doi.org/10.1007/978-981-15-5873-3_43#Sec3
https://doi.org/10.1007/978-981-15-5873-3_43#Sec4
https://doi.org/10.1007/978-981-15-5873-3_43#Sec4
https://doi.org/10.1007/978-981-15-5873-3_43#Sec4
https://doi.org/10.1007/978-981-15-5873-3_43#Sec4
https://doi.org/10.1007/978-981-15-5873-3_43#Sec5
https://doi.org/10.1007/978-981-15-5873-3_43#Sec5
https://doi.org/10.1007/978-981-15-5873-3_43#Sec5
https://doi.org/10.1007/978-981-15-5873-3_43#Sec5
https://doi.org/10.1007/978-981-15-5873-3_43#Sec6
https://doi.org/10.1007/978-981-15-5873-3_43#Sec6
https://doi.org/10.1007/978-981-15-5873-3_43#Sec6
https://doi.org/10.1007/978-981-15-5873-3_43#Sec6
https://doi.org/10.1007/978-981-15-5873-3_43#Sec7
https://doi.org/10.1007/978-981-15-5873-3_43#Sec7
https://doi.org/10.1007/978-981-15-5873-3_43#Sec7
https://doi.org/10.1007/978-981-15-5873-3_43#Sec7
https://doi.org/10.1007/978-981-15-5873-3_43#Sec8
https://doi.org/10.1007/978-981-15-5873-3_43#Sec8
https://doi.org/10.1007/978-981-15-5873-3_43#Sec8
https://doi.org/10.1007/978-981-15-5873-3_43#Sec8
https://doi.org/10.1007/978-981-15-5873-3_43#Sec9
https://doi.org/10.1007/978-981-15-5873-3_43#Sec9
https://doi.org/10.1007/978-981-15-5873-3_43#Sec9
https://doi.org/10.1007/978-981-15-5873-3_43#Sec9
https://doi.org/10.1007/978-981-15-5873-3_44
https://doi.org/10.1007/978-981-15-5873-3_44
https://doi.org/10.1007/978-981-15-5873-3_44
https://doi.org/10.1007/978-981-15-5873-3_44
https://doi.org/10.1007/978-981-15-5873-3_44#Sec1
https://doi.org/10.1007/978-981-15-5873-3_44#Sec1
https://doi.org/10.1007/978-981-15-5873-3_44#Sec1
https://doi.org/10.1007/978-981-15-5873-3_44#Sec1
https://doi.org/10.1007/978-981-15-5873-3_44#Sec2
https://doi.org/10.1007/978-981-15-5873-3_44#Sec2
https://doi.org/10.1007/978-981-15-5873-3_44#Sec2
https://doi.org/10.1007/978-981-15-5873-3_44#Sec2
https://doi.org/10.1007/978-981-15-5873-3_44#Sec3
https://doi.org/10.1007/978-981-15-5873-3_44#Sec3
https://doi.org/10.1007/978-981-15-5873-3_44#Sec3
https://doi.org/10.1007/978-981-15-5873-3_44#Sec3
https://doi.org/10.1007/978-981-15-5873-3_44#Sec4
https://doi.org/10.1007/978-981-15-5873-3_44#Sec4
https://doi.org/10.1007/978-981-15-5873-3_44#Sec4
https://doi.org/10.1007/978-981-15-5873-3_44#Sec4
https://doi.org/10.1007/978-981-15-5873-3_44#Sec5
https://doi.org/10.1007/978-981-15-5873-3_44#Sec5
https://doi.org/10.1007/978-981-15-5873-3_44#Sec5
https://doi.org/10.1007/978-981-15-5873-3_44#Sec5
https://doi.org/10.1007/978-981-15-5873-3_44#Sec6
https://doi.org/10.1007/978-981-15-5873-3_44#Sec6
https://doi.org/10.1007/978-981-15-5873-3_44#Sec6
https://doi.org/10.1007/978-981-15-5873-3_44#Sec6
https://doi.org/10.1007/978-981-15-5873-3_44#Sec7
https://doi.org/10.1007/978-981-15-5873-3_44#Sec7
https://doi.org/10.1007/978-981-15-5873-3_44#Sec7
https://doi.org/10.1007/978-981-15-5873-3_44#Sec7
https://doi.org/10.1007/978-981-15-5873-3_44#Sec8
https://doi.org/10.1007/978-981-15-5873-3_44#Sec8
https://doi.org/10.1007/978-981-15-5873-3_44#Sec8
https://doi.org/10.1007/978-981-15-5873-3_44#Sec8
https://doi.org/10.1007/978-981-15-5873-3_44#Sec9
https://doi.org/10.1007/978-981-15-5873-3_44#Sec9
https://doi.org/10.1007/978-981-15-5873-3_44#Sec9
https://doi.org/10.1007/978-981-15-5873-3_44#Sec9
https://doi.org/10.1007/978-981-15-5873-3_44#Sec10
https://doi.org/10.1007/978-981-15-5873-3_44#Sec10
https://doi.org/10.1007/978-981-15-5873-3_44#Sec10
https://doi.org/10.1007/978-981-15-5873-3_44#Sec10
https://doi.org/10.1007/978-981-15-5873-3_44#Sec11
https://doi.org/10.1007/978-981-15-5873-3_44#Sec11
https://doi.org/10.1007/978-981-15-5873-3_44#Sec11
https://doi.org/10.1007/978-981-15-5873-3_44#Sec11
https://doi.org/10.1007/978-981-15-5873-3_44#Sec12
https://doi.org/10.1007/978-981-15-5873-3_44#Sec12
https://doi.org/10.1007/978-981-15-5873-3_44#Sec12
https://doi.org/10.1007/978-981-15-5873-3_44#Sec12
https://doi.org/10.1007/978-981-15-5873-3_44#Sec13
https://doi.org/10.1007/978-981-15-5873-3_44#Sec13
https://doi.org/10.1007/978-981-15-5873-3_44#Sec13
https://doi.org/10.1007/978-981-15-5873-3_44#Sec13


44.3.4 News Program Organization {10} . . . . . . . . . . . . . 1539
44.4 Semantic Retrieval {49} . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1541

44.4.1 Semantic-Based Retrieval {10} . . . . . . . . . . . . . . . 1541
44.4.2 Multilayer Image Description {12} . . . . . . . . . . . . . 1543
44.4.3 Higher Level Semantics {12} . . . . . . . . . . . . . . . . . 1545
44.4.4 Video Understanding {15} . . . . . . . . . . . . . . . . . . . 1546

45 Spatial-Temporal Behavior Understanding {177} . . . . . . . . . . . . . . 1549
45.1 Spatial-Temporal Techniques {32} . . . . . . . . . . . . . . . . . . . . 1549

45.1.1 Techniques and Layers {13} . . . . . . . . . . . . . . . . . 1549
45.1.2 Spatio-Temporal Analysis {12} . . . . . . . . . . . . . . . 1552
45.1.3 Action Behavior Understanding {7} . . . . . . . . . . . . 1554

45.2 Action and Pose {45} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1556
45.2.1 Action Models {14} . . . . . . . . . . . . . . . . . . . . . . . 1556
45.2.2 Action Recognition {5} . . . . . . . . . . . . . . . . . . . . . 1558
45.2.3 Pose Estimation {13} . . . . . . . . . . . . . . . . . . . . . . 1559
45.2.4 Posture Analysis {13} . . . . . . . . . . . . . . . . . . . . . . 1560

45.3 Activity and Analysis {28} . . . . . . . . . . . . . . . . . . . . . . . . . . 1562
45.3.1 Activity {15} . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1562
45.3.2 Activity Analysis {13} . . . . . . . . . . . . . . . . . . . . . 1564

45.4 Events {23} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1566
45.4.1 Event Detection {13} . . . . . . . . . . . . . . . . . . . . . . 1566
45.4.2 Event Understanding {10} . . . . . . . . . . . . . . . . . . . 1567

45.5 Behavior and Understanding {49} . . . . . . . . . . . . . . . . . . . . 1568
45.5.1 Behavior {10} . . . . . . . . . . . . . . . . . . . . . . . . . . . 1569
45.5.2 Behavior Analysis {14} . . . . . . . . . . . . . . . . . . . . . 1570
45.5.3 Behavior Interpretation {15} . . . . . . . . . . . . . . . . . 1572
45.5.4 Petri Net {10} . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1574

Part V Related References

46 Related Theories and Techniques {440} . . . . . . . . . . . . . . . . . . . . . 1579
46.1 Random Field {103} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1579

46.1.1 Random Variables {17} . . . . . . . . . . . . . . . . . . . . . 1579
46.1.2 Random Process {18} . . . . . . . . . . . . . . . . . . . . . . 1583
46.1.3 Random Fields {18} . . . . . . . . . . . . . . . . . . . . . . . 1585
46.1.4 Markov Random Field {10} . . . . . . . . . . . . . . . . . 1590
46.1.5 Markov Models {20} . . . . . . . . . . . . . . . . . . . . . . 1592
46.1.6 Markov Process {20} . . . . . . . . . . . . . . . . . . . . . . 1597

46.2 Bayesian Statistics {38} . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1601
46.2.1 Bayesian Model {13} . . . . . . . . . . . . . . . . . . . . . . 1601
46.2.2 Bayesian Laws and Rules {15} . . . . . . . . . . . . . . . 1605
46.2.3 Belief Networks {10} . . . . . . . . . . . . . . . . . . . . . . 1609

46.3 Graph Theory {109} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1611
46.3.1 Tree {19} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1611

Contents xxvii

https://doi.org/10.1007/978-981-15-5873-3_44#Sec14
https://doi.org/10.1007/978-981-15-5873-3_44#Sec14
https://doi.org/10.1007/978-981-15-5873-3_44#Sec14
https://doi.org/10.1007/978-981-15-5873-3_44#Sec14
https://doi.org/10.1007/978-981-15-5873-3_44#Sec15
https://doi.org/10.1007/978-981-15-5873-3_44#Sec15
https://doi.org/10.1007/978-981-15-5873-3_44#Sec15
https://doi.org/10.1007/978-981-15-5873-3_44#Sec15
https://doi.org/10.1007/978-981-15-5873-3_44#Sec16
https://doi.org/10.1007/978-981-15-5873-3_44#Sec16
https://doi.org/10.1007/978-981-15-5873-3_44#Sec16
https://doi.org/10.1007/978-981-15-5873-3_44#Sec16
https://doi.org/10.1007/978-981-15-5873-3_44#Sec17
https://doi.org/10.1007/978-981-15-5873-3_44#Sec17
https://doi.org/10.1007/978-981-15-5873-3_44#Sec17
https://doi.org/10.1007/978-981-15-5873-3_44#Sec17
https://doi.org/10.1007/978-981-15-5873-3_44#Sec18
https://doi.org/10.1007/978-981-15-5873-3_44#Sec18
https://doi.org/10.1007/978-981-15-5873-3_44#Sec18
https://doi.org/10.1007/978-981-15-5873-3_44#Sec18
https://doi.org/10.1007/978-981-15-5873-3_44#Sec19
https://doi.org/10.1007/978-981-15-5873-3_44#Sec19
https://doi.org/10.1007/978-981-15-5873-3_44#Sec19
https://doi.org/10.1007/978-981-15-5873-3_44#Sec19
https://doi.org/10.1007/978-981-15-5873-3_45
https://doi.org/10.1007/978-981-15-5873-3_45
https://doi.org/10.1007/978-981-15-5873-3_45
https://doi.org/10.1007/978-981-15-5873-3_45
https://doi.org/10.1007/978-981-15-5873-3_45#Sec1
https://doi.org/10.1007/978-981-15-5873-3_45#Sec1
https://doi.org/10.1007/978-981-15-5873-3_45#Sec1
https://doi.org/10.1007/978-981-15-5873-3_45#Sec1
https://doi.org/10.1007/978-981-15-5873-3_45#Sec2
https://doi.org/10.1007/978-981-15-5873-3_45#Sec2
https://doi.org/10.1007/978-981-15-5873-3_45#Sec2
https://doi.org/10.1007/978-981-15-5873-3_45#Sec2
https://doi.org/10.1007/978-981-15-5873-3_45#Sec3
https://doi.org/10.1007/978-981-15-5873-3_45#Sec3
https://doi.org/10.1007/978-981-15-5873-3_45#Sec3
https://doi.org/10.1007/978-981-15-5873-3_45#Sec3
https://doi.org/10.1007/978-981-15-5873-3_45#Sec4
https://doi.org/10.1007/978-981-15-5873-3_45#Sec4
https://doi.org/10.1007/978-981-15-5873-3_45#Sec4
https://doi.org/10.1007/978-981-15-5873-3_45#Sec4
https://doi.org/10.1007/978-981-15-5873-3_45#Sec5
https://doi.org/10.1007/978-981-15-5873-3_45#Sec5
https://doi.org/10.1007/978-981-15-5873-3_45#Sec5
https://doi.org/10.1007/978-981-15-5873-3_45#Sec5
https://doi.org/10.1007/978-981-15-5873-3_45#Sec6
https://doi.org/10.1007/978-981-15-5873-3_45#Sec6
https://doi.org/10.1007/978-981-15-5873-3_45#Sec6
https://doi.org/10.1007/978-981-15-5873-3_45#Sec6
https://doi.org/10.1007/978-981-15-5873-3_45#Sec7
https://doi.org/10.1007/978-981-15-5873-3_45#Sec7
https://doi.org/10.1007/978-981-15-5873-3_45#Sec7
https://doi.org/10.1007/978-981-15-5873-3_45#Sec7
https://doi.org/10.1007/978-981-15-5873-3_45#Sec8
https://doi.org/10.1007/978-981-15-5873-3_45#Sec8
https://doi.org/10.1007/978-981-15-5873-3_45#Sec8
https://doi.org/10.1007/978-981-15-5873-3_45#Sec8
https://doi.org/10.1007/978-981-15-5873-3_45#Sec9
https://doi.org/10.1007/978-981-15-5873-3_45#Sec9
https://doi.org/10.1007/978-981-15-5873-3_45#Sec9
https://doi.org/10.1007/978-981-15-5873-3_45#Sec9
https://doi.org/10.1007/978-981-15-5873-3_45#Sec10
https://doi.org/10.1007/978-981-15-5873-3_45#Sec10
https://doi.org/10.1007/978-981-15-5873-3_45#Sec10
https://doi.org/10.1007/978-981-15-5873-3_45#Sec10
https://doi.org/10.1007/978-981-15-5873-3_45#Sec11
https://doi.org/10.1007/978-981-15-5873-3_45#Sec11
https://doi.org/10.1007/978-981-15-5873-3_45#Sec11
https://doi.org/10.1007/978-981-15-5873-3_45#Sec11
https://doi.org/10.1007/978-981-15-5873-3_45#Sec12
https://doi.org/10.1007/978-981-15-5873-3_45#Sec12
https://doi.org/10.1007/978-981-15-5873-3_45#Sec12
https://doi.org/10.1007/978-981-15-5873-3_45#Sec12
https://doi.org/10.1007/978-981-15-5873-3_45#Sec13
https://doi.org/10.1007/978-981-15-5873-3_45#Sec13
https://doi.org/10.1007/978-981-15-5873-3_45#Sec13
https://doi.org/10.1007/978-981-15-5873-3_45#Sec13
https://doi.org/10.1007/978-981-15-5873-3_45#Sec14
https://doi.org/10.1007/978-981-15-5873-3_45#Sec14
https://doi.org/10.1007/978-981-15-5873-3_45#Sec14
https://doi.org/10.1007/978-981-15-5873-3_45#Sec14
https://doi.org/10.1007/978-981-15-5873-3_45#Sec15
https://doi.org/10.1007/978-981-15-5873-3_45#Sec15
https://doi.org/10.1007/978-981-15-5873-3_45#Sec15
https://doi.org/10.1007/978-981-15-5873-3_45#Sec15
https://doi.org/10.1007/978-981-15-5873-3_45#Sec16
https://doi.org/10.1007/978-981-15-5873-3_45#Sec16
https://doi.org/10.1007/978-981-15-5873-3_45#Sec16
https://doi.org/10.1007/978-981-15-5873-3_45#Sec16
https://doi.org/10.1007/978-981-15-5873-3_45#Sec17
https://doi.org/10.1007/978-981-15-5873-3_45#Sec17
https://doi.org/10.1007/978-981-15-5873-3_45#Sec17
https://doi.org/10.1007/978-981-15-5873-3_45#Sec17
https://doi.org/10.1007/978-981-15-5873-3_45#Sec18
https://doi.org/10.1007/978-981-15-5873-3_45#Sec18
https://doi.org/10.1007/978-981-15-5873-3_45#Sec18
https://doi.org/10.1007/978-981-15-5873-3_45#Sec18
https://doi.org/10.1007/978-981-15-5873-3_45#Sec19
https://doi.org/10.1007/978-981-15-5873-3_45#Sec19
https://doi.org/10.1007/978-981-15-5873-3_45#Sec19
https://doi.org/10.1007/978-981-15-5873-3_45#Sec19
https://doi.org/10.1007/978-981-15-5873-3_45#Sec20
https://doi.org/10.1007/978-981-15-5873-3_45#Sec20
https://doi.org/10.1007/978-981-15-5873-3_45#Sec20
https://doi.org/10.1007/978-981-15-5873-3_45#Sec20
https://doi.org/10.1007/978-981-15-5873-3_46
https://doi.org/10.1007/978-981-15-5873-3_46
https://doi.org/10.1007/978-981-15-5873-3_46
https://doi.org/10.1007/978-981-15-5873-3_46
https://doi.org/10.1007/978-981-15-5873-3_46#Sec1
https://doi.org/10.1007/978-981-15-5873-3_46#Sec1
https://doi.org/10.1007/978-981-15-5873-3_46#Sec1
https://doi.org/10.1007/978-981-15-5873-3_46#Sec1
https://doi.org/10.1007/978-981-15-5873-3_46#Sec2
https://doi.org/10.1007/978-981-15-5873-3_46#Sec2
https://doi.org/10.1007/978-981-15-5873-3_46#Sec2
https://doi.org/10.1007/978-981-15-5873-3_46#Sec2
https://doi.org/10.1007/978-981-15-5873-3_46#Sec3
https://doi.org/10.1007/978-981-15-5873-3_46#Sec3
https://doi.org/10.1007/978-981-15-5873-3_46#Sec3
https://doi.org/10.1007/978-981-15-5873-3_46#Sec3
https://doi.org/10.1007/978-981-15-5873-3_46#Sec4
https://doi.org/10.1007/978-981-15-5873-3_46#Sec4
https://doi.org/10.1007/978-981-15-5873-3_46#Sec4
https://doi.org/10.1007/978-981-15-5873-3_46#Sec4
https://doi.org/10.1007/978-981-15-5873-3_46#Sec5
https://doi.org/10.1007/978-981-15-5873-3_46#Sec5
https://doi.org/10.1007/978-981-15-5873-3_46#Sec5
https://doi.org/10.1007/978-981-15-5873-3_46#Sec5
https://doi.org/10.1007/978-981-15-5873-3_46#Sec6
https://doi.org/10.1007/978-981-15-5873-3_46#Sec6
https://doi.org/10.1007/978-981-15-5873-3_46#Sec6
https://doi.org/10.1007/978-981-15-5873-3_46#Sec6
https://doi.org/10.1007/978-981-15-5873-3_46#Sec7
https://doi.org/10.1007/978-981-15-5873-3_46#Sec7
https://doi.org/10.1007/978-981-15-5873-3_46#Sec7
https://doi.org/10.1007/978-981-15-5873-3_46#Sec7
https://doi.org/10.1007/978-981-15-5873-3_46#Sec8
https://doi.org/10.1007/978-981-15-5873-3_46#Sec8
https://doi.org/10.1007/978-981-15-5873-3_46#Sec8
https://doi.org/10.1007/978-981-15-5873-3_46#Sec8
https://doi.org/10.1007/978-981-15-5873-3_46#Sec9
https://doi.org/10.1007/978-981-15-5873-3_46#Sec9
https://doi.org/10.1007/978-981-15-5873-3_46#Sec9
https://doi.org/10.1007/978-981-15-5873-3_46#Sec9
https://doi.org/10.1007/978-981-15-5873-3_46#Sec10
https://doi.org/10.1007/978-981-15-5873-3_46#Sec10
https://doi.org/10.1007/978-981-15-5873-3_46#Sec10
https://doi.org/10.1007/978-981-15-5873-3_46#Sec10
https://doi.org/10.1007/978-981-15-5873-3_46#Sec11
https://doi.org/10.1007/978-981-15-5873-3_46#Sec11
https://doi.org/10.1007/978-981-15-5873-3_46#Sec11
https://doi.org/10.1007/978-981-15-5873-3_46#Sec11
https://doi.org/10.1007/978-981-15-5873-3_46#Sec12
https://doi.org/10.1007/978-981-15-5873-3_46#Sec12
https://doi.org/10.1007/978-981-15-5873-3_46#Sec12
https://doi.org/10.1007/978-981-15-5873-3_46#Sec12
https://doi.org/10.1007/978-981-15-5873-3_46#Sec13
https://doi.org/10.1007/978-981-15-5873-3_46#Sec13
https://doi.org/10.1007/978-981-15-5873-3_46#Sec13
https://doi.org/10.1007/978-981-15-5873-3_46#Sec13


46.3.2 Graph {20} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1614
46.3.3 Graph Representation {17} . . . . . . . . . . . . . . . . . . 1617
46.3.4 Graph Geometric Representation {10} . . . . . . . . . . 1620
46.3.5 Directed Graph {11} . . . . . . . . . . . . . . . . . . . . . . . 1622
46.3.6 Graph Model {14} . . . . . . . . . . . . . . . . . . . . . . . . 1625
46.3.7 Graph Classification {18} . . . . . . . . . . . . . . . . . . . 1631

46.4 Compressive Sensing {41} . . . . . . . . . . . . . . . . . . . . . . . . . . 1635
46.4.1 Introduction {7} . . . . . . . . . . . . . . . . . . . . . . . . . . 1635
46.4.2 Sparse Representation {16} . . . . . . . . . . . . . . . . . . 1636
46.4.3 Measurement Coding and Decoding

Reconstruction {18} . . . . . . . . . . . . . . . . . . . . . . . 1638
46.5 Neural Networks {64} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1642

46.5.1 Neural Networks {13} . . . . . . . . . . . . . . . . . . . . . . 1642
46.5.2 Special Neural Networks {16} . . . . . . . . . . . . . . . . 1644
46.5.3 Training and Fitting {12} . . . . . . . . . . . . . . . . . . . 1647
46.5.4 Network Operations {12} . . . . . . . . . . . . . . . . . . . 1649
46.5.5 Activation Functions {11} . . . . . . . . . . . . . . . . . . . 1651

46.6 Various Theories and Techniques {85} . . . . . . . . . . . . . . . . . 1654
46.6.1 Optimalization {15} . . . . . . . . . . . . . . . . . . . . . . . 1654
46.6.2 Kernels {19} . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1656
46.6.3 Stereology {9} . . . . . . . . . . . . . . . . . . . . . . . . . . . 1660
46.6.4 Relaxation and Expectation Maximization {14} . . . 1662
46.6.5 Context and RANSAC {16} . . . . . . . . . . . . . . . . . 1664
46.6.6 Miscellaneous {12} . . . . . . . . . . . . . . . . . . . . . . . . 1667

47 Optics {280} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1671
47.1 Optics and Instruments {33} . . . . . . . . . . . . . . . . . . . . . . . . . 1671

47.1.1 Classifications {15} . . . . . . . . . . . . . . . . . . . . . . . . 1671
47.1.2 Instruments {18} . . . . . . . . . . . . . . . . . . . . . . . . . . 1674

47.2 Photometry {41} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1677
47.2.1 Intensity {11} . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1677
47.2.2 Emission and Transmission {14} . . . . . . . . . . . . . . 1680
47.2.3 Optical Properties of the Surface {16} . . . . . . . . . . 1682

47.3 Ray Radiation {55} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1684
47.3.1 Radiation {12} . . . . . . . . . . . . . . . . . . . . . . . . . . . 1684
47.3.2 Radiometry {20} . . . . . . . . . . . . . . . . . . . . . . . . . . 1686
47.3.3 Radiometry Standards {12} . . . . . . . . . . . . . . . . . . 1689
47.3.4 Special Lights {11} . . . . . . . . . . . . . . . . . . . . . . . . 1693

47.4 Spectroscopy {63} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1694
47.4.1 Spectrum {14} . . . . . . . . . . . . . . . . . . . . . . . . . . . 1694
47.4.2 Spectroscopy {14} . . . . . . . . . . . . . . . . . . . . . . . . 1697
47.4.3 Spectral Analysis {16} . . . . . . . . . . . . . . . . . . . . . 1699
47.4.4 Interaction of Light and Matter {19} . . . . . . . . . . . 1701

47.5 Geometric Optics {58} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1705
47.5.1 Ray {16} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1705

xxviii Contents

https://doi.org/10.1007/978-981-15-5873-3_46#Sec14
https://doi.org/10.1007/978-981-15-5873-3_46#Sec14
https://doi.org/10.1007/978-981-15-5873-3_46#Sec14
https://doi.org/10.1007/978-981-15-5873-3_46#Sec14
https://doi.org/10.1007/978-981-15-5873-3_46#Sec15
https://doi.org/10.1007/978-981-15-5873-3_46#Sec15
https://doi.org/10.1007/978-981-15-5873-3_46#Sec15
https://doi.org/10.1007/978-981-15-5873-3_46#Sec15
https://doi.org/10.1007/978-981-15-5873-3_46#Sec16
https://doi.org/10.1007/978-981-15-5873-3_46#Sec16
https://doi.org/10.1007/978-981-15-5873-3_46#Sec16
https://doi.org/10.1007/978-981-15-5873-3_46#Sec16
https://doi.org/10.1007/978-981-15-5873-3_46#Sec17
https://doi.org/10.1007/978-981-15-5873-3_46#Sec17
https://doi.org/10.1007/978-981-15-5873-3_46#Sec17
https://doi.org/10.1007/978-981-15-5873-3_46#Sec17
https://doi.org/10.1007/978-981-15-5873-3_46#Sec18
https://doi.org/10.1007/978-981-15-5873-3_46#Sec18
https://doi.org/10.1007/978-981-15-5873-3_46#Sec18
https://doi.org/10.1007/978-981-15-5873-3_46#Sec18
https://doi.org/10.1007/978-981-15-5873-3_46#Sec19
https://doi.org/10.1007/978-981-15-5873-3_46#Sec19
https://doi.org/10.1007/978-981-15-5873-3_46#Sec19
https://doi.org/10.1007/978-981-15-5873-3_46#Sec19
https://doi.org/10.1007/978-981-15-5873-3_46#Sec20
https://doi.org/10.1007/978-981-15-5873-3_46#Sec20
https://doi.org/10.1007/978-981-15-5873-3_46#Sec20
https://doi.org/10.1007/978-981-15-5873-3_46#Sec20
https://doi.org/10.1007/978-981-15-5873-3_46#Sec21
https://doi.org/10.1007/978-981-15-5873-3_46#Sec21
https://doi.org/10.1007/978-981-15-5873-3_46#Sec21
https://doi.org/10.1007/978-981-15-5873-3_46#Sec21
https://doi.org/10.1007/978-981-15-5873-3_46#Sec22
https://doi.org/10.1007/978-981-15-5873-3_46#Sec22
https://doi.org/10.1007/978-981-15-5873-3_46#Sec22
https://doi.org/10.1007/978-981-15-5873-3_46#Sec22
https://doi.org/10.1007/978-981-15-5873-3_46#Sec23
https://doi.org/10.1007/978-981-15-5873-3_46#Sec23
https://doi.org/10.1007/978-981-15-5873-3_46#Sec23
https://doi.org/10.1007/978-981-15-5873-3_46#Sec23
https://doi.org/10.1007/978-981-15-5873-3_46#Sec23
https://doi.org/10.1007/978-981-15-5873-3_46#Sec24
https://doi.org/10.1007/978-981-15-5873-3_46#Sec24
https://doi.org/10.1007/978-981-15-5873-3_46#Sec24
https://doi.org/10.1007/978-981-15-5873-3_46#Sec24
https://doi.org/10.1007/978-981-15-5873-3_46#Sec25
https://doi.org/10.1007/978-981-15-5873-3_46#Sec25
https://doi.org/10.1007/978-981-15-5873-3_46#Sec25
https://doi.org/10.1007/978-981-15-5873-3_46#Sec25
https://doi.org/10.1007/978-981-15-5873-3_46#Sec26
https://doi.org/10.1007/978-981-15-5873-3_46#Sec26
https://doi.org/10.1007/978-981-15-5873-3_46#Sec26
https://doi.org/10.1007/978-981-15-5873-3_46#Sec26
https://doi.org/10.1007/978-981-15-5873-3_46#Sec27
https://doi.org/10.1007/978-981-15-5873-3_46#Sec27
https://doi.org/10.1007/978-981-15-5873-3_46#Sec27
https://doi.org/10.1007/978-981-15-5873-3_46#Sec27
https://doi.org/10.1007/978-981-15-5873-3_46#Sec28
https://doi.org/10.1007/978-981-15-5873-3_46#Sec28
https://doi.org/10.1007/978-981-15-5873-3_46#Sec28
https://doi.org/10.1007/978-981-15-5873-3_46#Sec28
https://doi.org/10.1007/978-981-15-5873-3_46#Sec29
https://doi.org/10.1007/978-981-15-5873-3_46#Sec29
https://doi.org/10.1007/978-981-15-5873-3_46#Sec29
https://doi.org/10.1007/978-981-15-5873-3_46#Sec29
https://doi.org/10.1007/978-981-15-5873-3_46#Sec30
https://doi.org/10.1007/978-981-15-5873-3_46#Sec30
https://doi.org/10.1007/978-981-15-5873-3_46#Sec30
https://doi.org/10.1007/978-981-15-5873-3_46#Sec30
https://doi.org/10.1007/978-981-15-5873-3_46#Sec31
https://doi.org/10.1007/978-981-15-5873-3_46#Sec31
https://doi.org/10.1007/978-981-15-5873-3_46#Sec31
https://doi.org/10.1007/978-981-15-5873-3_46#Sec31
https://doi.org/10.1007/978-981-15-5873-3_46#Sec32
https://doi.org/10.1007/978-981-15-5873-3_46#Sec32
https://doi.org/10.1007/978-981-15-5873-3_46#Sec32
https://doi.org/10.1007/978-981-15-5873-3_46#Sec32
https://doi.org/10.1007/978-981-15-5873-3_46#Sec33
https://doi.org/10.1007/978-981-15-5873-3_46#Sec33
https://doi.org/10.1007/978-981-15-5873-3_46#Sec33
https://doi.org/10.1007/978-981-15-5873-3_46#Sec33
https://doi.org/10.1007/978-981-15-5873-3_46#Sec34
https://doi.org/10.1007/978-981-15-5873-3_46#Sec34
https://doi.org/10.1007/978-981-15-5873-3_46#Sec34
https://doi.org/10.1007/978-981-15-5873-3_46#Sec34
https://doi.org/10.1007/978-981-15-5873-3_46#Sec35
https://doi.org/10.1007/978-981-15-5873-3_46#Sec35
https://doi.org/10.1007/978-981-15-5873-3_46#Sec35
https://doi.org/10.1007/978-981-15-5873-3_46#Sec35
https://doi.org/10.1007/978-981-15-5873-3_46#Sec36
https://doi.org/10.1007/978-981-15-5873-3_46#Sec36
https://doi.org/10.1007/978-981-15-5873-3_46#Sec36
https://doi.org/10.1007/978-981-15-5873-3_46#Sec36
https://doi.org/10.1007/978-981-15-5873-3_47
https://doi.org/10.1007/978-981-15-5873-3_47
https://doi.org/10.1007/978-981-15-5873-3_47
https://doi.org/10.1007/978-981-15-5873-3_47
https://doi.org/10.1007/978-981-15-5873-3_47#Sec1
https://doi.org/10.1007/978-981-15-5873-3_47#Sec1
https://doi.org/10.1007/978-981-15-5873-3_47#Sec1
https://doi.org/10.1007/978-981-15-5873-3_47#Sec1
https://doi.org/10.1007/978-981-15-5873-3_47#Sec2
https://doi.org/10.1007/978-981-15-5873-3_47#Sec2
https://doi.org/10.1007/978-981-15-5873-3_47#Sec2
https://doi.org/10.1007/978-981-15-5873-3_47#Sec2
https://doi.org/10.1007/978-981-15-5873-3_47#Sec3
https://doi.org/10.1007/978-981-15-5873-3_47#Sec3
https://doi.org/10.1007/978-981-15-5873-3_47#Sec3
https://doi.org/10.1007/978-981-15-5873-3_47#Sec3
https://doi.org/10.1007/978-981-15-5873-3_47#Sec4
https://doi.org/10.1007/978-981-15-5873-3_47#Sec4
https://doi.org/10.1007/978-981-15-5873-3_47#Sec4
https://doi.org/10.1007/978-981-15-5873-3_47#Sec4
https://doi.org/10.1007/978-981-15-5873-3_47#Sec5
https://doi.org/10.1007/978-981-15-5873-3_47#Sec5
https://doi.org/10.1007/978-981-15-5873-3_47#Sec5
https://doi.org/10.1007/978-981-15-5873-3_47#Sec5
https://doi.org/10.1007/978-981-15-5873-3_47#Sec6
https://doi.org/10.1007/978-981-15-5873-3_47#Sec6
https://doi.org/10.1007/978-981-15-5873-3_47#Sec6
https://doi.org/10.1007/978-981-15-5873-3_47#Sec6
https://doi.org/10.1007/978-981-15-5873-3_47#Sec7
https://doi.org/10.1007/978-981-15-5873-3_47#Sec7
https://doi.org/10.1007/978-981-15-5873-3_47#Sec7
https://doi.org/10.1007/978-981-15-5873-3_47#Sec7
https://doi.org/10.1007/978-981-15-5873-3_47#Sec8
https://doi.org/10.1007/978-981-15-5873-3_47#Sec8
https://doi.org/10.1007/978-981-15-5873-3_47#Sec8
https://doi.org/10.1007/978-981-15-5873-3_47#Sec8
https://doi.org/10.1007/978-981-15-5873-3_47#Sec9
https://doi.org/10.1007/978-981-15-5873-3_47#Sec9
https://doi.org/10.1007/978-981-15-5873-3_47#Sec9
https://doi.org/10.1007/978-981-15-5873-3_47#Sec9
https://doi.org/10.1007/978-981-15-5873-3_47#Sec10
https://doi.org/10.1007/978-981-15-5873-3_47#Sec10
https://doi.org/10.1007/978-981-15-5873-3_47#Sec10
https://doi.org/10.1007/978-981-15-5873-3_47#Sec10
https://doi.org/10.1007/978-981-15-5873-3_47#Sec11
https://doi.org/10.1007/978-981-15-5873-3_47#Sec11
https://doi.org/10.1007/978-981-15-5873-3_47#Sec11
https://doi.org/10.1007/978-981-15-5873-3_47#Sec11
https://doi.org/10.1007/978-981-15-5873-3_47#Sec12
https://doi.org/10.1007/978-981-15-5873-3_47#Sec12
https://doi.org/10.1007/978-981-15-5873-3_47#Sec12
https://doi.org/10.1007/978-981-15-5873-3_47#Sec12
https://doi.org/10.1007/978-981-15-5873-3_47#Sec13
https://doi.org/10.1007/978-981-15-5873-3_47#Sec13
https://doi.org/10.1007/978-981-15-5873-3_47#Sec13
https://doi.org/10.1007/978-981-15-5873-3_47#Sec13
https://doi.org/10.1007/978-981-15-5873-3_47#Sec14
https://doi.org/10.1007/978-981-15-5873-3_47#Sec14
https://doi.org/10.1007/978-981-15-5873-3_47#Sec14
https://doi.org/10.1007/978-981-15-5873-3_47#Sec14
https://doi.org/10.1007/978-981-15-5873-3_47#Sec15
https://doi.org/10.1007/978-981-15-5873-3_47#Sec15
https://doi.org/10.1007/978-981-15-5873-3_47#Sec15
https://doi.org/10.1007/978-981-15-5873-3_47#Sec15
https://doi.org/10.1007/978-981-15-5873-3_47#Sec16
https://doi.org/10.1007/978-981-15-5873-3_47#Sec16
https://doi.org/10.1007/978-981-15-5873-3_47#Sec16
https://doi.org/10.1007/978-981-15-5873-3_47#Sec16
https://doi.org/10.1007/978-981-15-5873-3_47#Sec17
https://doi.org/10.1007/978-981-15-5873-3_47#Sec17
https://doi.org/10.1007/978-981-15-5873-3_47#Sec17
https://doi.org/10.1007/978-981-15-5873-3_47#Sec17
https://doi.org/10.1007/978-981-15-5873-3_47#Sec18
https://doi.org/10.1007/978-981-15-5873-3_47#Sec18
https://doi.org/10.1007/978-981-15-5873-3_47#Sec18
https://doi.org/10.1007/978-981-15-5873-3_47#Sec18
https://doi.org/10.1007/978-981-15-5873-3_47#Sec19
https://doi.org/10.1007/978-981-15-5873-3_47#Sec19
https://doi.org/10.1007/978-981-15-5873-3_47#Sec19
https://doi.org/10.1007/978-981-15-5873-3_47#Sec19


47.5.2 Reflection {18} . . . . . . . . . . . . . . . . . . . . . . . . . . . 1709
47.5.3 Various Reflections {11} . . . . . . . . . . . . . . . . . . . . 1713
47.5.4 Refraction {13} . . . . . . . . . . . . . . . . . . . . . . . . . . 1714

47.6 Wave Optics {30} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1717
47.6.1 Light Wave {12} . . . . . . . . . . . . . . . . . . . . . . . . . 1717
47.6.2 Scattering and Diffraction {18} . . . . . . . . . . . . . . . 1719

48 Mathematical Morphology for Binary Images {81} . . . . . . . . . . . . 1723
48.1 Image Morphology {43} . . . . . . . . . . . . . . . . . . . . . . . . . . . 1723

48.1.1 Morphology Fundamentals {14} . . . . . . . . . . . . . . 1723
48.1.2 Morphological Operations {16} . . . . . . . . . . . . . . . 1726
48.1.3 Morphological Image Processing {13} . . . . . . . . . . 1729

48.2 Binary Morphology {38} . . . . . . . . . . . . . . . . . . . . . . . . . . . 1732
48.2.1 Basic Operations {19} . . . . . . . . . . . . . . . . . . . . . . 1732
48.2.2 Combined Operations and Practical

Algorithms {19} . . . . . . . . . . . . . . . . . . . . . . . . . . 1737

49 Mathematical Morphology for Gray-Level Images {53} . . . . . . . . . 1743
49.1 Gray-Level Morphology {43} . . . . . . . . . . . . . . . . . . . . . . . . 1743

49.1.1 Ordering Relations {13} . . . . . . . . . . . . . . . . . . . . 1743
49.1.2 Basic Operations {14} . . . . . . . . . . . . . . . . . . . . . . 1745
49.1.3 Combined Operations and Practical

Algorithms {16} . . . . . . . . . . . . . . . . . . . . . . . . . . 1749
49.2 Soft Morphology {10} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1753

50 Visual Sensation and Perception {308} . . . . . . . . . . . . . . . . . . . . . . 1755
50.1 Human Visual System {40} . . . . . . . . . . . . . . . . . . . . . . . . . 1755

50.1.1 Human Vision {11} . . . . . . . . . . . . . . . . . . . . . . . 1755
50.1.2 Organ of Vision {11} . . . . . . . . . . . . . . . . . . . . . . 1757
50.1.3 Visual Process {18} . . . . . . . . . . . . . . . . . . . . . . . 1759

50.2 Eye Structure and Function {37} . . . . . . . . . . . . . . . . . . . . . 1761
50.2.1 Eye Structure {9} . . . . . . . . . . . . . . . . . . . . . . . . . 1761
50.2.2 Retina {16} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1763
50.2.3 Photoreceptor {12} . . . . . . . . . . . . . . . . . . . . . . . . 1766

50.3 Visual Sensation {88} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1768
50.3.1 Sensation {18} . . . . . . . . . . . . . . . . . . . . . . . . . . . 1768
50.3.2 Brightness {14} . . . . . . . . . . . . . . . . . . . . . . . . . . 1771
50.3.3 Photopic and Scotopia Vision {11} . . . . . . . . . . . . 1774
50.3.4 Subjective Brightness {15} . . . . . . . . . . . . . . . . . . 1775
50.3.5 Vision Characteristics {20} . . . . . . . . . . . . . . . . . . 1780
50.3.6 Virtual Vision {10} . . . . . . . . . . . . . . . . . . . . . . . . 1787

50.4 Visual Perception {102} . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1789
50.4.1 Perceptions {20} . . . . . . . . . . . . . . . . . . . . . . . . . . 1789
50.4.2 Perceptual Constancy {12} . . . . . . . . . . . . . . . . . . 1794
50.4.3 Theory of Color Vision {14} . . . . . . . . . . . . . . . . . 1796
50.4.4 Color Vision Effect {17} . . . . . . . . . . . . . . . . . . . . 1798
50.4.5 Color Science {20} . . . . . . . . . . . . . . . . . . . . . . . . 1801

Contents xxix

https://doi.org/10.1007/978-981-15-5873-3_47#Sec20
https://doi.org/10.1007/978-981-15-5873-3_47#Sec20
https://doi.org/10.1007/978-981-15-5873-3_47#Sec20
https://doi.org/10.1007/978-981-15-5873-3_47#Sec20
https://doi.org/10.1007/978-981-15-5873-3_47#Sec21
https://doi.org/10.1007/978-981-15-5873-3_47#Sec21
https://doi.org/10.1007/978-981-15-5873-3_47#Sec21
https://doi.org/10.1007/978-981-15-5873-3_47#Sec21
https://doi.org/10.1007/978-981-15-5873-3_47#Sec22
https://doi.org/10.1007/978-981-15-5873-3_47#Sec22
https://doi.org/10.1007/978-981-15-5873-3_47#Sec22
https://doi.org/10.1007/978-981-15-5873-3_47#Sec22
https://doi.org/10.1007/978-981-15-5873-3_47#Sec23
https://doi.org/10.1007/978-981-15-5873-3_47#Sec23
https://doi.org/10.1007/978-981-15-5873-3_47#Sec23
https://doi.org/10.1007/978-981-15-5873-3_47#Sec23
https://doi.org/10.1007/978-981-15-5873-3_47#Sec24
https://doi.org/10.1007/978-981-15-5873-3_47#Sec24
https://doi.org/10.1007/978-981-15-5873-3_47#Sec24
https://doi.org/10.1007/978-981-15-5873-3_47#Sec24
https://doi.org/10.1007/978-981-15-5873-3_47#Sec25
https://doi.org/10.1007/978-981-15-5873-3_47#Sec25
https://doi.org/10.1007/978-981-15-5873-3_47#Sec25
https://doi.org/10.1007/978-981-15-5873-3_47#Sec25
https://doi.org/10.1007/978-981-15-5873-3_48
https://doi.org/10.1007/978-981-15-5873-3_48
https://doi.org/10.1007/978-981-15-5873-3_48
https://doi.org/10.1007/978-981-15-5873-3_48
https://doi.org/10.1007/978-981-15-5873-3_48#Sec1
https://doi.org/10.1007/978-981-15-5873-3_48#Sec1
https://doi.org/10.1007/978-981-15-5873-3_48#Sec1
https://doi.org/10.1007/978-981-15-5873-3_48#Sec1
https://doi.org/10.1007/978-981-15-5873-3_48#Sec2
https://doi.org/10.1007/978-981-15-5873-3_48#Sec2
https://doi.org/10.1007/978-981-15-5873-3_48#Sec2
https://doi.org/10.1007/978-981-15-5873-3_48#Sec2
https://doi.org/10.1007/978-981-15-5873-3_48#Sec3
https://doi.org/10.1007/978-981-15-5873-3_48#Sec3
https://doi.org/10.1007/978-981-15-5873-3_48#Sec3
https://doi.org/10.1007/978-981-15-5873-3_48#Sec3
https://doi.org/10.1007/978-981-15-5873-3_48#Sec4
https://doi.org/10.1007/978-981-15-5873-3_48#Sec4
https://doi.org/10.1007/978-981-15-5873-3_48#Sec4
https://doi.org/10.1007/978-981-15-5873-3_48#Sec4
https://doi.org/10.1007/978-981-15-5873-3_48#Sec5
https://doi.org/10.1007/978-981-15-5873-3_48#Sec5
https://doi.org/10.1007/978-981-15-5873-3_48#Sec5
https://doi.org/10.1007/978-981-15-5873-3_48#Sec5
https://doi.org/10.1007/978-981-15-5873-3_48#Sec6
https://doi.org/10.1007/978-981-15-5873-3_48#Sec6
https://doi.org/10.1007/978-981-15-5873-3_48#Sec6
https://doi.org/10.1007/978-981-15-5873-3_48#Sec6
https://doi.org/10.1007/978-981-15-5873-3_48#Sec7
https://doi.org/10.1007/978-981-15-5873-3_48#Sec7
https://doi.org/10.1007/978-981-15-5873-3_48#Sec7
https://doi.org/10.1007/978-981-15-5873-3_48#Sec7
https://doi.org/10.1007/978-981-15-5873-3_48#Sec7
https://doi.org/10.1007/978-981-15-5873-3_49
https://doi.org/10.1007/978-981-15-5873-3_49
https://doi.org/10.1007/978-981-15-5873-3_49
https://doi.org/10.1007/978-981-15-5873-3_49
https://doi.org/10.1007/978-981-15-5873-3_49#Sec1
https://doi.org/10.1007/978-981-15-5873-3_49#Sec1
https://doi.org/10.1007/978-981-15-5873-3_49#Sec1
https://doi.org/10.1007/978-981-15-5873-3_49#Sec1
https://doi.org/10.1007/978-981-15-5873-3_49#Sec2
https://doi.org/10.1007/978-981-15-5873-3_49#Sec2
https://doi.org/10.1007/978-981-15-5873-3_49#Sec2
https://doi.org/10.1007/978-981-15-5873-3_49#Sec2
https://doi.org/10.1007/978-981-15-5873-3_49#Sec3
https://doi.org/10.1007/978-981-15-5873-3_49#Sec3
https://doi.org/10.1007/978-981-15-5873-3_49#Sec3
https://doi.org/10.1007/978-981-15-5873-3_49#Sec3
https://doi.org/10.1007/978-981-15-5873-3_49#Sec4
https://doi.org/10.1007/978-981-15-5873-3_49#Sec4
https://doi.org/10.1007/978-981-15-5873-3_49#Sec4
https://doi.org/10.1007/978-981-15-5873-3_49#Sec4
https://doi.org/10.1007/978-981-15-5873-3_49#Sec4
https://doi.org/10.1007/978-981-15-5873-3_49#Sec5
https://doi.org/10.1007/978-981-15-5873-3_49#Sec5
https://doi.org/10.1007/978-981-15-5873-3_49#Sec5
https://doi.org/10.1007/978-981-15-5873-3_49#Sec5
https://doi.org/10.1007/978-981-15-5873-3_50
https://doi.org/10.1007/978-981-15-5873-3_50
https://doi.org/10.1007/978-981-15-5873-3_50
https://doi.org/10.1007/978-981-15-5873-3_50
https://doi.org/10.1007/978-981-15-5873-3_50#Sec1
https://doi.org/10.1007/978-981-15-5873-3_50#Sec1
https://doi.org/10.1007/978-981-15-5873-3_50#Sec1
https://doi.org/10.1007/978-981-15-5873-3_50#Sec1
https://doi.org/10.1007/978-981-15-5873-3_50#Sec2
https://doi.org/10.1007/978-981-15-5873-3_50#Sec2
https://doi.org/10.1007/978-981-15-5873-3_50#Sec2
https://doi.org/10.1007/978-981-15-5873-3_50#Sec2
https://doi.org/10.1007/978-981-15-5873-3_50#Sec3
https://doi.org/10.1007/978-981-15-5873-3_50#Sec3
https://doi.org/10.1007/978-981-15-5873-3_50#Sec3
https://doi.org/10.1007/978-981-15-5873-3_50#Sec3
https://doi.org/10.1007/978-981-15-5873-3_50#Sec4
https://doi.org/10.1007/978-981-15-5873-3_50#Sec4
https://doi.org/10.1007/978-981-15-5873-3_50#Sec4
https://doi.org/10.1007/978-981-15-5873-3_50#Sec4
https://doi.org/10.1007/978-981-15-5873-3_50#Sec5
https://doi.org/10.1007/978-981-15-5873-3_50#Sec5
https://doi.org/10.1007/978-981-15-5873-3_50#Sec5
https://doi.org/10.1007/978-981-15-5873-3_50#Sec5
https://doi.org/10.1007/978-981-15-5873-3_50#Sec6
https://doi.org/10.1007/978-981-15-5873-3_50#Sec6
https://doi.org/10.1007/978-981-15-5873-3_50#Sec6
https://doi.org/10.1007/978-981-15-5873-3_50#Sec6
https://doi.org/10.1007/978-981-15-5873-3_50#Sec7
https://doi.org/10.1007/978-981-15-5873-3_50#Sec7
https://doi.org/10.1007/978-981-15-5873-3_50#Sec7
https://doi.org/10.1007/978-981-15-5873-3_50#Sec7
https://doi.org/10.1007/978-981-15-5873-3_50#Sec8
https://doi.org/10.1007/978-981-15-5873-3_50#Sec8
https://doi.org/10.1007/978-981-15-5873-3_50#Sec8
https://doi.org/10.1007/978-981-15-5873-3_50#Sec8
https://doi.org/10.1007/978-981-15-5873-3_50#Sec9
https://doi.org/10.1007/978-981-15-5873-3_50#Sec9
https://doi.org/10.1007/978-981-15-5873-3_50#Sec9
https://doi.org/10.1007/978-981-15-5873-3_50#Sec9
https://doi.org/10.1007/978-981-15-5873-3_50#Sec10
https://doi.org/10.1007/978-981-15-5873-3_50#Sec10
https://doi.org/10.1007/978-981-15-5873-3_50#Sec10
https://doi.org/10.1007/978-981-15-5873-3_50#Sec10
https://doi.org/10.1007/978-981-15-5873-3_50#Sec11
https://doi.org/10.1007/978-981-15-5873-3_50#Sec11
https://doi.org/10.1007/978-981-15-5873-3_50#Sec11
https://doi.org/10.1007/978-981-15-5873-3_50#Sec11
https://doi.org/10.1007/978-981-15-5873-3_50#Sec12
https://doi.org/10.1007/978-981-15-5873-3_50#Sec12
https://doi.org/10.1007/978-981-15-5873-3_50#Sec12
https://doi.org/10.1007/978-981-15-5873-3_50#Sec12
https://doi.org/10.1007/978-981-15-5873-3_50#Sec13
https://doi.org/10.1007/978-981-15-5873-3_50#Sec13
https://doi.org/10.1007/978-981-15-5873-3_50#Sec13
https://doi.org/10.1007/978-981-15-5873-3_50#Sec13
https://doi.org/10.1007/978-981-15-5873-3_50#Sec14
https://doi.org/10.1007/978-981-15-5873-3_50#Sec14
https://doi.org/10.1007/978-981-15-5873-3_50#Sec14
https://doi.org/10.1007/978-981-15-5873-3_50#Sec14
https://doi.org/10.1007/978-981-15-5873-3_50#Sec15
https://doi.org/10.1007/978-981-15-5873-3_50#Sec15
https://doi.org/10.1007/978-981-15-5873-3_50#Sec15
https://doi.org/10.1007/978-981-15-5873-3_50#Sec15
https://doi.org/10.1007/978-981-15-5873-3_50#Sec16
https://doi.org/10.1007/978-981-15-5873-3_50#Sec16
https://doi.org/10.1007/978-981-15-5873-3_50#Sec16
https://doi.org/10.1007/978-981-15-5873-3_50#Sec16
https://doi.org/10.1007/978-981-15-5873-3_50#Sec17
https://doi.org/10.1007/978-981-15-5873-3_50#Sec17
https://doi.org/10.1007/978-981-15-5873-3_50#Sec17
https://doi.org/10.1007/978-981-15-5873-3_50#Sec17
https://doi.org/10.1007/978-981-15-5873-3_50#Sec18
https://doi.org/10.1007/978-981-15-5873-3_50#Sec18
https://doi.org/10.1007/978-981-15-5873-3_50#Sec18
https://doi.org/10.1007/978-981-15-5873-3_50#Sec18
https://doi.org/10.1007/978-981-15-5873-3_50#Sec19
https://doi.org/10.1007/978-981-15-5873-3_50#Sec19
https://doi.org/10.1007/978-981-15-5873-3_50#Sec19
https://doi.org/10.1007/978-981-15-5873-3_50#Sec19
https://doi.org/10.1007/978-981-15-5873-3_50#Sec20
https://doi.org/10.1007/978-981-15-5873-3_50#Sec20
https://doi.org/10.1007/978-981-15-5873-3_50#Sec20
https://doi.org/10.1007/978-981-15-5873-3_50#Sec20
https://doi.org/10.1007/978-981-15-5873-3_50#Sec21
https://doi.org/10.1007/978-981-15-5873-3_50#Sec21
https://doi.org/10.1007/978-981-15-5873-3_50#Sec21
https://doi.org/10.1007/978-981-15-5873-3_50#Sec21


50.4.6 Visual Attention {19} . . . . . . . . . . . . . . . . . . . . . . 1804
50.5 Visual Psychology {41} . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1807

50.5.1 Laws of Visual Psychology {17} . . . . . . . . . . . . . . 1807
50.5.2 Illusion {13} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1811
50.5.3 Illusion of Geometric Figure and Reason

Theory {11} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1814

51 Application of Image Technology {118} . . . . . . . . . . . . . . . . . . . . . 1819
51.1 Television {22} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1819

51.1.1 Digital Television {13} . . . . . . . . . . . . . . . . . . . . . 1819
51.1.2 Color Television {9} . . . . . . . . . . . . . . . . . . . . . . . 1821

51.2 Visual Surveillance {40} . . . . . . . . . . . . . . . . . . . . . . . . . . . 1823
51.2.1 Surveillance {8} . . . . . . . . . . . . . . . . . . . . . . . . . . 1823
51.2.2 Visual Inspection {9} . . . . . . . . . . . . . . . . . . . . . . 1825
51.2.3 Visual Navigation {14} . . . . . . . . . . . . . . . . . . . . . 1826
51.2.4 Traffic {9} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1828

51.3 Other Applications {56} . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1829
51.3.1 Document and OCR {20} . . . . . . . . . . . . . . . . . . . 1829
51.3.2 Medical Images {13} . . . . . . . . . . . . . . . . . . . . . . 1831
51.3.3 Remote Sensing {12} . . . . . . . . . . . . . . . . . . . . . . 1832
51.3.4 Various Applications {11} . . . . . . . . . . . . . . . . . . . 1834

52 International Organizations and Standards {172} . . . . . . . . . . . . . 1837
52.1 Organizations {22} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1837

52.1.1 International Organizations {15} . . . . . . . . . . . . . . 1837
52.1.2 National Organizations {7} . . . . . . . . . . . . . . . . . . 1839

52.2 Image and Video Coding Standards {62} . . . . . . . . . . . . . . . 1840
52.2.1 Binary Image Coding Standards {6} . . . . . . . . . . . . 1841
52.2.2 Grayscale Image Coding Standards {12} . . . . . . . . 1842
52.2.3 Video Coding Standards: MPEG {17} . . . . . . . . . . 1843
52.2.4 Video Coding Standards: H.26x {19} . . . . . . . . . . . 1846
52.2.5 Other Standards {8} . . . . . . . . . . . . . . . . . . . . . . . 1848

52.3 Public Systems and Databases {40} . . . . . . . . . . . . . . . . . . . 1849
52.3.1 Public Systems {16} . . . . . . . . . . . . . . . . . . . . . . . 1849
52.3.2 Public Databases {12} . . . . . . . . . . . . . . . . . . . . . . 1851
52.3.3 Face Databases {12} . . . . . . . . . . . . . . . . . . . . . . . 1853

52.4 Other Standards {48} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1856
52.4.1 International System of Units {9} . . . . . . . . . . . . . . 1856
52.4.2 CIE Standards {13} . . . . . . . . . . . . . . . . . . . . . . . . 1857
52.4.3 MPEG Standards {12} . . . . . . . . . . . . . . . . . . . . . 1860
52.4.4 Various Standards {14} . . . . . . . . . . . . . . . . . . . . . 1862

Bibliography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1865

Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1869

xxx Contents

https://doi.org/10.1007/978-981-15-5873-3_50#Sec22
https://doi.org/10.1007/978-981-15-5873-3_50#Sec22
https://doi.org/10.1007/978-981-15-5873-3_50#Sec22
https://doi.org/10.1007/978-981-15-5873-3_50#Sec22
https://doi.org/10.1007/978-981-15-5873-3_50#Sec23
https://doi.org/10.1007/978-981-15-5873-3_50#Sec23
https://doi.org/10.1007/978-981-15-5873-3_50#Sec23
https://doi.org/10.1007/978-981-15-5873-3_50#Sec23
https://doi.org/10.1007/978-981-15-5873-3_50#Sec24
https://doi.org/10.1007/978-981-15-5873-3_50#Sec24
https://doi.org/10.1007/978-981-15-5873-3_50#Sec24
https://doi.org/10.1007/978-981-15-5873-3_50#Sec24
https://doi.org/10.1007/978-981-15-5873-3_50#Sec25
https://doi.org/10.1007/978-981-15-5873-3_50#Sec25
https://doi.org/10.1007/978-981-15-5873-3_50#Sec25
https://doi.org/10.1007/978-981-15-5873-3_50#Sec25
https://doi.org/10.1007/978-981-15-5873-3_50#Sec26
https://doi.org/10.1007/978-981-15-5873-3_50#Sec26
https://doi.org/10.1007/978-981-15-5873-3_50#Sec26
https://doi.org/10.1007/978-981-15-5873-3_50#Sec26
https://doi.org/10.1007/978-981-15-5873-3_50#Sec26
https://doi.org/10.1007/978-981-15-5873-3_51
https://doi.org/10.1007/978-981-15-5873-3_51
https://doi.org/10.1007/978-981-15-5873-3_51
https://doi.org/10.1007/978-981-15-5873-3_51
https://doi.org/10.1007/978-981-15-5873-3_51#Sec1
https://doi.org/10.1007/978-981-15-5873-3_51#Sec1
https://doi.org/10.1007/978-981-15-5873-3_51#Sec1
https://doi.org/10.1007/978-981-15-5873-3_51#Sec1
https://doi.org/10.1007/978-981-15-5873-3_51#Sec2
https://doi.org/10.1007/978-981-15-5873-3_51#Sec2
https://doi.org/10.1007/978-981-15-5873-3_51#Sec2
https://doi.org/10.1007/978-981-15-5873-3_51#Sec2
https://doi.org/10.1007/978-981-15-5873-3_51#Sec3
https://doi.org/10.1007/978-981-15-5873-3_51#Sec3
https://doi.org/10.1007/978-981-15-5873-3_51#Sec3
https://doi.org/10.1007/978-981-15-5873-3_51#Sec3
https://doi.org/10.1007/978-981-15-5873-3_51#Sec4
https://doi.org/10.1007/978-981-15-5873-3_51#Sec4
https://doi.org/10.1007/978-981-15-5873-3_51#Sec4
https://doi.org/10.1007/978-981-15-5873-3_51#Sec4
https://doi.org/10.1007/978-981-15-5873-3_51#Sec5
https://doi.org/10.1007/978-981-15-5873-3_51#Sec5
https://doi.org/10.1007/978-981-15-5873-3_51#Sec5
https://doi.org/10.1007/978-981-15-5873-3_51#Sec5
https://doi.org/10.1007/978-981-15-5873-3_51#Sec6
https://doi.org/10.1007/978-981-15-5873-3_51#Sec6
https://doi.org/10.1007/978-981-15-5873-3_51#Sec6
https://doi.org/10.1007/978-981-15-5873-3_51#Sec6
https://doi.org/10.1007/978-981-15-5873-3_51#Sec7
https://doi.org/10.1007/978-981-15-5873-3_51#Sec7
https://doi.org/10.1007/978-981-15-5873-3_51#Sec7
https://doi.org/10.1007/978-981-15-5873-3_51#Sec7
https://doi.org/10.1007/978-981-15-5873-3_51#Sec8
https://doi.org/10.1007/978-981-15-5873-3_51#Sec8
https://doi.org/10.1007/978-981-15-5873-3_51#Sec8
https://doi.org/10.1007/978-981-15-5873-3_51#Sec8
https://doi.org/10.1007/978-981-15-5873-3_51#Sec9
https://doi.org/10.1007/978-981-15-5873-3_51#Sec9
https://doi.org/10.1007/978-981-15-5873-3_51#Sec9
https://doi.org/10.1007/978-981-15-5873-3_51#Sec9
https://doi.org/10.1007/978-981-15-5873-3_51#Sec10
https://doi.org/10.1007/978-981-15-5873-3_51#Sec10
https://doi.org/10.1007/978-981-15-5873-3_51#Sec10
https://doi.org/10.1007/978-981-15-5873-3_51#Sec10
https://doi.org/10.1007/978-981-15-5873-3_51#Sec11
https://doi.org/10.1007/978-981-15-5873-3_51#Sec11
https://doi.org/10.1007/978-981-15-5873-3_51#Sec11
https://doi.org/10.1007/978-981-15-5873-3_51#Sec11
https://doi.org/10.1007/978-981-15-5873-3_51#Sec12
https://doi.org/10.1007/978-981-15-5873-3_51#Sec12
https://doi.org/10.1007/978-981-15-5873-3_51#Sec12
https://doi.org/10.1007/978-981-15-5873-3_51#Sec12
https://doi.org/10.1007/978-981-15-5873-3_51#Sec13
https://doi.org/10.1007/978-981-15-5873-3_51#Sec13
https://doi.org/10.1007/978-981-15-5873-3_51#Sec13
https://doi.org/10.1007/978-981-15-5873-3_51#Sec13
https://doi.org/10.1007/978-981-15-5873-3_52
https://doi.org/10.1007/978-981-15-5873-3_52
https://doi.org/10.1007/978-981-15-5873-3_52
https://doi.org/10.1007/978-981-15-5873-3_52
https://doi.org/10.1007/978-981-15-5873-3_52#Sec1
https://doi.org/10.1007/978-981-15-5873-3_52#Sec1
https://doi.org/10.1007/978-981-15-5873-3_52#Sec1
https://doi.org/10.1007/978-981-15-5873-3_52#Sec1
https://doi.org/10.1007/978-981-15-5873-3_52#Sec2
https://doi.org/10.1007/978-981-15-5873-3_52#Sec2
https://doi.org/10.1007/978-981-15-5873-3_52#Sec2
https://doi.org/10.1007/978-981-15-5873-3_52#Sec2
https://doi.org/10.1007/978-981-15-5873-3_52#Sec3
https://doi.org/10.1007/978-981-15-5873-3_52#Sec3
https://doi.org/10.1007/978-981-15-5873-3_52#Sec3
https://doi.org/10.1007/978-981-15-5873-3_52#Sec3
https://doi.org/10.1007/978-981-15-5873-3_52#Sec4
https://doi.org/10.1007/978-981-15-5873-3_52#Sec4
https://doi.org/10.1007/978-981-15-5873-3_52#Sec4
https://doi.org/10.1007/978-981-15-5873-3_52#Sec4
https://doi.org/10.1007/978-981-15-5873-3_52#Sec5
https://doi.org/10.1007/978-981-15-5873-3_52#Sec5
https://doi.org/10.1007/978-981-15-5873-3_52#Sec5
https://doi.org/10.1007/978-981-15-5873-3_52#Sec5
https://doi.org/10.1007/978-981-15-5873-3_52#Sec6
https://doi.org/10.1007/978-981-15-5873-3_52#Sec6
https://doi.org/10.1007/978-981-15-5873-3_52#Sec6
https://doi.org/10.1007/978-981-15-5873-3_52#Sec6
https://doi.org/10.1007/978-981-15-5873-3_52#Sec7
https://doi.org/10.1007/978-981-15-5873-3_52#Sec7
https://doi.org/10.1007/978-981-15-5873-3_52#Sec7
https://doi.org/10.1007/978-981-15-5873-3_52#Sec7
https://doi.org/10.1007/978-981-15-5873-3_52#Sec8
https://doi.org/10.1007/978-981-15-5873-3_52#Sec8
https://doi.org/10.1007/978-981-15-5873-3_52#Sec8
https://doi.org/10.1007/978-981-15-5873-3_52#Sec8
https://doi.org/10.1007/978-981-15-5873-3_52#Sec9
https://doi.org/10.1007/978-981-15-5873-3_52#Sec9
https://doi.org/10.1007/978-981-15-5873-3_52#Sec9
https://doi.org/10.1007/978-981-15-5873-3_52#Sec9
https://doi.org/10.1007/978-981-15-5873-3_52#Sec10
https://doi.org/10.1007/978-981-15-5873-3_52#Sec10
https://doi.org/10.1007/978-981-15-5873-3_52#Sec10
https://doi.org/10.1007/978-981-15-5873-3_52#Sec10
https://doi.org/10.1007/978-981-15-5873-3_52#Sec11
https://doi.org/10.1007/978-981-15-5873-3_52#Sec11
https://doi.org/10.1007/978-981-15-5873-3_52#Sec11
https://doi.org/10.1007/978-981-15-5873-3_52#Sec11
https://doi.org/10.1007/978-981-15-5873-3_52#Sec12
https://doi.org/10.1007/978-981-15-5873-3_52#Sec12
https://doi.org/10.1007/978-981-15-5873-3_52#Sec12
https://doi.org/10.1007/978-981-15-5873-3_52#Sec12
https://doi.org/10.1007/978-981-15-5873-3_52#Sec13
https://doi.org/10.1007/978-981-15-5873-3_52#Sec13
https://doi.org/10.1007/978-981-15-5873-3_52#Sec13
https://doi.org/10.1007/978-981-15-5873-3_52#Sec13
https://doi.org/10.1007/978-981-15-5873-3_52#Sec14
https://doi.org/10.1007/978-981-15-5873-3_52#Sec14
https://doi.org/10.1007/978-981-15-5873-3_52#Sec14
https://doi.org/10.1007/978-981-15-5873-3_52#Sec14
https://doi.org/10.1007/978-981-15-5873-3_52#Sec15
https://doi.org/10.1007/978-981-15-5873-3_52#Sec15
https://doi.org/10.1007/978-981-15-5873-3_52#Sec15
https://doi.org/10.1007/978-981-15-5873-3_52#Sec15
https://doi.org/10.1007/978-981-15-5873-3_52#Sec16
https://doi.org/10.1007/978-981-15-5873-3_52#Sec16
https://doi.org/10.1007/978-981-15-5873-3_52#Sec16
https://doi.org/10.1007/978-981-15-5873-3_52#Sec16
https://doi.org/10.1007/978-981-15-5873-3_52#Sec17
https://doi.org/10.1007/978-981-15-5873-3_52#Sec17
https://doi.org/10.1007/978-981-15-5873-3_52#Sec17
https://doi.org/10.1007/978-981-15-5873-3_52#Sec17
https://doi.org/10.1007/978-981-15-5873-3_52#Sec18
https://doi.org/10.1007/978-981-15-5873-3_52#Sec18
https://doi.org/10.1007/978-981-15-5873-3_52#Sec18
https://doi.org/10.1007/978-981-15-5873-3_52#Sec18


About the Author

Yu-Jin Zhang received his Ph.D. degree in Applied Science from the State Uni-
versity of Liège, Liège, Belgium, in 1989. From 1989 to 1993, he was a Postdoctoral
Fellow and Research Fellow at the Delft University of Technology, Delft, the
Netherlands. In 1993, Dr. Zhang joined the Department of Electronic Engineering
at Tsinghua University, Beijing, China, where he has been Professor (since 1997)
and later Tenured Professor (since 2014) of Image Engineering.

He is active in the education and research of image engineering, with more than
550 research papers and more than 50 books published, including the series of
textbooks: Image Engineering (I): Image Processing, Image Engineering (II):
Image Analysis, Image Engineering (III): Image Understanding, and Image Engi-
neering (bound volume) (1st, 2nd, 3rd, and 4th editions); three monographs: Image
Segmentation, Content-based Visual Information Retrieval, and Subspace-based
Face Recognition; one dictionary: An English-Chinese Dictionary of Image Engi-
neering (1st, 2nd, and 3rd editions); as well as three edited books: Advances in
Image and Video Segmentation, Semantic-Based Visual Information Retrieval, and
Advances in Face Image Analysis: Techniques and Technologies.

He is the Vice President of China Society of Image and Graphics (2002–2011,
2016 till date) and one of first Fellow members of China Society of Image and

xxxi



Graphics (since 2019). He is/was the deputy Editor-in-Chief of the Journal of Image
and Graphics, the Associate Editor of Acta Automatica Sinica, International Journal
of Image and Graphics, Journal of CAD and Computer Graphics, Journal of
Electronics and Information, Optical Engineering, Pattern Recognition Letters,
Signal Processing, etc. He was the Program Chair of First, Second, Fourth, Fifth,
Sixth, Seventh, and Eighth International Conference on Image and Graphics
(ICIG’2000, ICIG’2002, ICIG’2007, ICIG’2009, ICIG’2011, ICIG’2013, and
ICIG’2015). He was the Program Chair of “The Twenty-Fourth International Con-
ference on Image Processing (ICIP’2017)”.

He is a senior member of IEEE (since 1999) and a Fellow of SPIE (Since 2011).
E-mail: zhang-yj@tsinghua.edu.cn
Homepage: http://oa.ee.tsinghua.edu.cn/~zhangyujin/

xxxii About the Author

http://oa.ee.tsinghua.edu.cn/~zhangyujin/

	Preface
	General Directory
	Contents
	About the Author

