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Preface

The introduction of orthogonal image moments more than thirty years ago was a
milestone in pattern recognition. Since that time, mathematical properties of
orthogonal moments have been thoroughly studied, new moments have been
defined and innovative applications have been presented through the increasing
number of research contributions in this field. In recent times, human-centric visual
pattern recognition has become a trending topic due to its role in artificial intelli-
gence, particularly in the applications of biometric recognition, affective computing,
and human—computer interaction. Recent texts have focussed on the mathematical
properties of moments and their invariants in pattern recognition and provide a
cursory overview of related applications. In contrast, this book places emphasis on
the use of orthogonal moments in solving specific problems arising in human-
centric visual pattern recognition. It represents a compendium of research works
that demonstrate the effectiveness of orthogonal moment-based features in face
recognition, facial expression recognition, fingerprint classification, and iris
recognition. It presents methods that address an unresolved issue in moment-based
feature selection: how to decide the best candidate of higher-order moments to
construct the feature vector. Furthermore, this book demonstrates the success of
image moments in applications where other feature types have been prevalent, such
as in the common problems of biometric recognition and affective computing.

In addition to offering new concepts that illustrate the use of statistical theories in
moment-based methods, this book presents results implemented on recent databases
involving challenging scenarios and provides comparisons with recent state-of-
the-art methods. Conclusive remarks on the use of image moments in the practical
problems of pattern recognition and future research directions are also given. The
book will be of interest to researchers and graduate students working in the broad
areas of computer vision and pattern recognition.

Dhaka, Bangladesh S. M. Mahbubur Rahman
Dhaka, Bangladesh Tamanna Howlader
Toronto, Canada Dimitrios Hatzinakos

September 2018
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Chapter 1 ®)
Introduction Check for

1.1 Introduction

We live in a world that is built upon patterns. What is a pattern? The Oxford dic-
tionary defines a pattern as a repeated decorative design. In the language of pattern
recognition, however, a pattern has been described as an entity that could be given
a name [36]. Thus, the bird, boat, buildings, and people that we see in Fig. 1.1 are
all examples of patterns. Recognizing patterns in the environment is one of the fun-
damental signs of intelligent behavior. A 3-year old child, for example, can discern
the alphabets almost effortlessly, an eagle can spot its prey from a 1000 feet above
the ground, and a carnivorous fish can capture a smaller fish camouflaged against the
sand. Each of these examples illustrate the capacity to perceive order from disorder,
which is not just a matter of visual skill but also a sign of intellectual skill that is
essential for survival. Whether or not artificial systems could be infused with such
intelligence is a question that has occupied the minds of scientists from as early as
the 1950s. The quest for an answer stimulated intense research in the field of pattern
recognition and its allied disciplines, namely, artificial intelligence, computer vision,
and machine learning. These domains have a strong overlap with statistics, probabil-
ity, computational geometry, and image processing. Over the past few decades, the
development of exciting new methods coupled with the availability of high computa-
tional resources has led to some progress in the development of artificially intelligent
machines capable of perceiving humans and emulating their actions.

1.2 Pattern Recognition: Mimicking the Human Visual
System

Among the senses that living organisms possess, the most vital is vision. Vision
provides several cues about an object including its motion, color, size or position that
are crucial for survival. Machines with visual capabilities can be taught to perceive

© Springer Nature Singapore Pte Ltd. 2019 1
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Fig. 1.1 Examples of patterns in an image

the environment and this makes them more useful in real-life applications. This book
is concerned with visual pattern recognition, which may be described as the process
of analyzing, describing, identifying and extracting the information contained in an
image, video or other visual data. Visual patterns could be, for example, a fingerprint
image, a handwritten cursive word, or a human face. The most efficient visual pattern
recognition system is the human brain yet how it functions is still not fully understood.
What follows is an oversimplified description of the mechanism by which the human
visual system works. The human visual system mainly consists of two parts: the
eyes and the visual cortex. The eyes act as image receptors, which capture light and
convert it to signals that pass along optic nerve fibers to the visual cortex of the
brain via the lateral geniculate nucleus (LGN). The visual cortex, also known as the
image processing center of the brain, processes the signals received from the eyes
and builds an internal picture of the scene being viewed. The cortex has columns of
cells extending through six layers and arranged in particular directions that appear
to be devoted to recognizing lines or bars of varying lengths and orientations. In
this way, the cortex handles the processing of complex shapes and arrangements.
It is believed that the brain processes visual information in a series of steps, each
taking the output of the previous steps and building up progressively more complex
impressions of the input [22]. A simplified version of the human visual system is
shown in Fig. 1.2.
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Fig. 1.2 General structure of human visual system. Reproduced from [1]

Since early times, engineers have worked with cognitive scientists to develop arti-
ficial visual pattern recognition systems. There has been measured success thanks to
the availability of low-cost cameras, high-speed networks, huge-size storage capa-
bilities, and increased computational power. In fact, many important image analysis
tools such as edge detectors and neural networks have been inspired by human visual
perception models. However, much work still needs to be done before artificial sys-
tems are able to match the capabilities of the human visual system, particularly in
terms of accuracy. Nonetheless, visual pattern recognition systems are already being
used for several purposes such as measuring size, localizing an object, estimating
the pose, recognizing the activity or identity of a subject, target recognition in mil-
itary applications, autonomous navigation, robotic assembly, industrial inspections,
security and surveillance, biomedicine, agriculture, video gaming, virtual reality,
and human—computer interaction (HCI) to name a few. In all these applications,
the common challenge is the problem of recognizing complex patterns having high
dimensional structure with arbitrary orientation, location, and scale.

Visual pattern recognition may be supervised or unsupervised. Figure 1.3 illus-
trates the difference between the two approaches. Supervised classification is char-
acterized by a training data containing labeled samples and a test data set containing
samples with unknown labels. The training data is used to learn the discrimina-
tory features as well as to estimate the parameters of the classifier. The objective of
supervised methods is to classify the samples in a test data set based on the learned



4 1 Introduction

(a)
Triangles A .&Q o
Aoqg

>
4
>

o a Vv <¥ classify classify
=)
L @O triangle or circle? green or yellow? q O WA
o o
OO o A @
circles O yellow
(b) unlabelled samples

N
A9
A.' O

) A
o2
clustering criteria=similarity measure

shape size color

Fig. 1.3 An illustration comparing two types of classification. a Supervised classification uses
labeled training samples to classify an object according to shape or color. b Unsupervised classifi-
cation uses unlabeled samples and a similarity metric to group objects according to their similarity
in shape, size, or color

features. In contrast, the unsupervised classification, also known as clustering, does
not involve any training data with labeled samples. Rather, the objects in the entire
data are grouped into homogeneous clusters based on some similarity criterion. In
both approaches, the correct choice of features is important.

For most applications, the classification of visual patterns is supervised. Figure 1.4
shows the major components of a supervised visual pattern recognition system. These
are data acquisition, preprocessing, feature extraction and representation, pattern
classifier design, and performance evaluation. During data acquisition, different types
of sensors and sensing modalities produce different types of images depending on the
problem domain. For example, images may be 2D or 3D or they may be grayscale or
color images, multispectral images, computed tomography (CT) scans, images pro-
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Fig. 1.4 Components of a supervised visual pattern recognition system

duced by magnetic resonance imaging (MRI), X-ray images, or microarray images.
Once the image is produced, the next step is to remove irrelevant background or
noise and perform image enhancement, if required. This step is known as prepro-
cessing. At the heart of the pattern recognition system lies feature extraction and
classification. The image will generally contain redundant information. The objec-
tive of feature extraction is to perform dimension reduction and discern properties
or attributes of the patterns known as “features” that are discriminatory in nature and
therefore useful for pattern classification. To put this in a more mathematical context,
feature extraction aims to represent an object as a point in a finite-dimensional space
known as the feature space such that different views of the object correspond to the
same point in feature space [59]. Figure 1.5 illustrates the concept. A good feature
algorithm achieves this without losing too much information about the object and
may yield features that are less sensitive to noise and occlusion. Designing efficient
features for feature extraction is the cornerstone of this book and will be discussed
in sufficient detail from a certain perspective in the subsequent chapters.

The next step, classification, is essentially a decision-making process that involves
finding the pattern class or pattern description of new unseen objects based on a set of
training examples. Although it is generally agreed that there are four main approaches
to pattern recognition, namely, template matching, statistical classification, syntactic
or structural matching and neural networks, statistical classification and neural net-
works are the most widely used approaches [36]. The final step involves assessing
the performance of the pattern recognition system, which often involves the use of



