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Preface

Last few decades have witnessed a tremendous growth of image processing and computer vision. Im-
provement in sensor technologies coupled with efficient and effective algorithm development for image
processing and computer vision has led to wide-spread usage of images and videos in several areas. It
ranges from secret sharing through visual cryptography to surveillance and robotics. These later two
require real-time intelligence to analyze surrounding images. Even image based technologies have been
in use in sensitive domain like banking. For example, image based cheque clearing in banking system has
emerged as a new phenomenon. So integrity of images has become a concern. In fact, it is not possible
to codify all possible aspects of image processing and computer vision theories and their applications
within a single book.

This edited book puts an effort to hold few of the application areas of image processing and computer
vision. Many of these applications are benefited by theories from a psycho-visual phenomenon, called
selective visual attention. Visual attention is a psycho-visual mechanism through which primates select
only a few of the incoming sensory inputs for deeper analysis and recognition in brain. Though primate
brains are very efficient, they cannot process the entire spectrum of sensory information in real-time.
In order to carry out real-time interaction with external surrounding, primates pay attention to only
selected stimuli, discarding myriads of other inputs. Which portions in a visual scene they focus has
become a research problem. It has been observed that primate vision is guided by two kinds of attention
mechanism — bottom-up and top-down. Bottom-up mechanism is purely stimulus driven. For example,
a bright color tends to attract our vision. Top-down mechanism is a task-driven approach. This is guided
by the task which an individual is performing.

Computer vision tasks also feel the burden of processing a bulk amount of image or video data.
The capability of primates in efficiently dealing with dynamic surrounding through selective attention
mechanism motivates computer vision researchers to develop efficient computer vision systems. They
emulate this attention mechanism of primate vision to find out portions of importance in the visual
scene. Processing based on only these selected portions in the scene increases speed as well as quality
of outcome.

Beside these attention guided applications, many other interesting research areas in computer vision
and image processing have also been presented in this book. Thus, this book is a compilation of research
efforts in a wide spectrum of areas. Alongside highlighting usefulness of visual attention models in
image processing and computer vision, this book sets up a platform of cross-disciplinary exchange of
knowledge. Hopefully, these discussions will further open up new research directions.



Preface

This book contains few survey articles which give a good overview of the research that have been or
still being carried out in some of these fields. Putting a good amount of existing research outcomes under
one umbrella, these chapters are able to spot the lacunas which are still present there. Few new techniques
have also been proposed in some of the chapters of this book to bring forward recent innovations.

This book has been divided into two sections. The first section, which consists of seven chapters
(Chapter 1 to Chapter 7), speaks about visual attention models and how various applications in computer
vision and image processing benefit from these visual attention models. The second section of this book
(Chapter 8 to Chapter 16) discusses numerous other techniques in computer vision and image processing.

Chapter 1 discusses the conceptual theories related to visual attention mechanism. Then, it discusses
various visual attention models. Both 2D and 3D models of visual attention have been presented. Chapter
2 highlights the usefulness of visual attention in image processing, computer vision and graphics through
a thorough listing of applications which are benefited from theories of visual attention. Chapter 3 to
Chapter 8, then, discusses few of these application areas in details. Chapter 3 sketches how attention is
an important topic for robotic vision. A review on biologically-inspired models of attentive robot vision
is presented in this chapter. Visual attention guided object detection and tracking has been discussed in
Chapter 4. Chapter 5 is a compilation of phenomenal research efforts in the area of content-aware (based
on identification of attentive regions) image retargeting. Image retargeting is useful in fitting an image
of sufficiently high resolution in relatively small displays. Chapter 6 showcases the power of saliency
for visual cryptography based watermarking. It proposes a novel visual cryptography based watermark-
ing scheme using motion vector as a salient feature. Chapter 7 reports an electroencephalogram (EEG)
based study of loss of alertness and fatigue of a driver using a visibility graph synchronization approach.

The second section (Chapter 8 to Chapter 16) of this book suggests that there are lot more in image
processing and computer vision which do not intersect with visual attention theories. Chapter 8 describes
a generic implementation for triangle-triangle intersection and its applications. Chapter 9 explains how
some of the important problems in multi-object tracking can be tackled using scale-space representation
of the objects, the method of linear assignment and Kalman filter. Chapter 10 discusses state-of-the-art
research in digital image forensics and highlights few of the research challenges which must draw impor-
tance from research community. Chapter 11 discusses how noise feature can be used for video tampering
detection. Chapter 12 provides an overview of existing palmprint based biometric recognition systems.
Chapter 13 discusses techniques of emotion recognition from facial expressions. A novel technique of
recognizing expression faces is proposed in Chapter 14 using 3D range images. Chapter 15 provides a
survey of research in the area of scalable video watermarking. Chapter 16 proposes a technique of image
watermarking based on fractal image coding.
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Visual attention is one of the most important mechanisms deployed in the human visual system (HVS)
to reduce the amount of information that our brain needs to process. An increasing amount of efforts has
been dedicated to the study of visual attention, and this chapter proposes to clarify the advances achieved
in computational modeling of visual attention. First the concepts of visual attention, including the links
between visual salience and visual importance, are detailed. The main characteristics of the HVS involved
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Selective visual attention is an amazing capability of primate visual system to restrict the focus to few
interesting objects (or portions) in a scene. Thus, primates are able to pay attention to the required
visual content amidst myriads of other visual information. It enables them to interact with the external
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of applications in real-life, mainly to speed up the processing through reduction of computational burden
which often characterizes image processing and vision tasks. This chapter discusses a wide variety of
such applications of visual attention models in image processing, computer vision and graphics.
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overview of the possible applications of visual attention models in the context of object recognition and
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Displaying a large image in a small screen of a handheld gadget is a challenging task. Simple down-
scaling of the image may reduce some objects too small to be perceptible. This gives rise to content-aware
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important contents in the context of image retargeting. Equally important aspect is evaluation of these
retargeting methods. This article contains a brief survey of related research in all of these aspects.
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promising field of research. The present chapter analyses advancing levels of fatigue in human drivers in
a sleep-deprivation experiment by studying the synchronization between EEG data. A Visibility Graph
Similarity-based method has been employed to quantify the synchronization, which has been formulated
in terms of a complex network. The change in the parameters of the network has been analyzed to find
the variation of connectivity between brain areas and hence to trace the increase in fatigue levels of the
subjects. The parameters of the brain network have been compared with those of a complex network with
a random degree of connectivity to establish the small-world nature of the brain network.
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Recognition of facial expression is a challenging problem for machine in comparison to human and
it has encouraged numerous advanced machine learning algorithms. It is one of the methods for
emotion recognition as the emotion of a particular person can be found out by studying his or her facial
expressions. In this paper, we proposes a generic algorithms for recognition of emotions and illustrates
a fundamental steps of the four algorithms such as Eigenfaces (Principal Component Analysis [PCA]),
Fisherfaces, Local Binary Pattern Histogram (LBP) and SURF with FLANN over two databases Cohn-
kanade database and II'T BHU student face images as benchmark database.The objective of this book
chapter is to recognize the emotions from facial images of individuals and compare the performances
of holistic algorithms like Eigenfaces, Fisherfaces, and texture based recognition algorithms LBPH,
hybrid algorithm SURF and FLANN. Matching efficiency of individual emotions from facial expression
databases are labeled for training and testing phases. The set of features is extracted from labeled dataset
for training purpose and test images are matched with discriminative set of feature points. Based on
that comparison, we conclude that Eigenfaces and Fisherfaces yields good recognition accuracy on the
benchmark database than others and the efficiency of SURF with FLANN algorithm can be enhanced
significantly by changing the parameters.



