Dedication

To my father soul, my mother for their endless Love, Support &

Encouragement......

To my sisters & brothers ..............

To My Husband who inspired me all the time ..............

To my soul my son Amin Amir ................



Acknowledgement

I express my sincere gratitude to my supervisor, Dr. Altahir
Mohammed, for the continuous support of my PhD work. He always motivates
me in solving my research problems. His guidance helped me in all the time of
research and writing of my thesis.

I record my deep sense of gratitude to Dr. Moawia Yahia, my second
supervisor, for his continuous suggestions in directing my research work.

Finally, I would like to thank my parents Elsir Tayfour Ahmed, Farida
Alhadi Ahmed and my husband; Amir Sharaf Eldin Alamin , for their
constant love, support and encouragement. Without them none of this would
have been possible. I cannot begin to thank them enough, and they will always

have my respect and love.



Table of Contents

Dedication
Acknowledgment

Tables of contents

List of figures

List of tables

List of Abbreviations
Abstract

oaliiual)

Chapter One: Introduction
1.1 General View

1.2 Problem Statement

1.3 Objectives

1.4 Methodology

1.5 Contribution

1.6 Motivation for the Research

1.7 Thesis Layout

Page
II
III

1A%

XI
XII
XVI

XVII



Chapter Two: Previous Studies (Reviews)
2.1 Introduction
2.2 Facial expression recognition studies
2.3 Classification Based on some selected algorithms
2.3.1 Classification Studies Based on Neural Network
2.3.2 Classification Based on Support Vector Machine and
Hidden Markov Model
2.3.3 Classification Based on Genetic Algorithm
2.3.4 Classification Based on Facial Action Coding System
2.3.5 Classification Based on Fuzzy Logic
2.3.6 Classification Based on General Methods
2.3.7 Classification Based on Vector Methods
2.3.8 Classification Based on Statistical Methods
Chapter Three: Theoretical Background
3.1 Artificial Neural Network (ANN)
3.1.2 Advantages of ANN over other classical methods
3.1.3 Areas of applications of ANN
3.1.4 Multi-layer perceptron

3.1.5 Single Layer Feed Forward Network

11

12

16

20

21

22

23

24

26

28

35

36

36

39



3.1.6 The CMAC Neural Network
3.2 Gabor Wavelet
3.2.1 The Gabor Filter Bank
3.2.2 Gabor Feature Extraction
3.3 Facial tracking to locate face
3.3.1 Challenges in face tracking
3.4 Fisher's Linear Discriminant Function (FLD)
3.4.1 Principles of transformation
3.5 Summary
Chapter Four: The Proposed System (Methodology)
4.1 Introduction
4.2 Database used in Emotion Expressions
4.3 Schematic diagram for feature extraction
4.4 Preprocessing
4.5 Feature extraction
4.5.1 Rotational Wavelet Gabor Filter

4.5.2 The directional roughness features (R?)

4.5.3 Percentage of energy feature

4.6 Facial feature representation using Fisher’s linear discriminant

40

46

48

50

50

53

56

59

61

62

62

66

67

68

69

73

76

77



function
4.6.1 Computation of discriminant vectors ¢; and ¢,

4.6.2 Computation of 2-dimensional vector from the original

N-dimensional vector

4.7 Normalization of the Patterns

4.7.1 Selection of patterns for training

4.7.2 Training strategies for the network

4.8 Single Layer Network

4.9.1 Principles of SLN

4.9 Back-Propagation Neural Network (BPN)

4.9.1 Forward propagation

4.9.2 Reverse propagation

4.9.3 Effect of number of hidden layers in BPA convergence

4.9.4 Fixing the number of nodes in the hidden layer

4.9.5 Emotion Identification performance

Vi

78

82

84

84

85

87

87

91

92

93

94

96

97



4.10 Cerebellar Model Articulation Controller (CMAC)

4.11 Summary

Chapter Five: Results
5.1 Introduction
5.2 ROC for FLD/SLN/BPN/CMAC
5.3 Accuracy of emotion expression identification
5.4 Angry expression

5.5 Accuracy of proposed algorithms in identifying the 6

Expressions

5.6 Summary

Chapter Six: Discussion

6.1 Introduction

6.2 Discussion

Chapter Seven: Conclusion and Recommendations
7.1. Conclusion
7.2. Recommendations

References

vii

98

100

101

101

102

103

113

114

115

115

119

120

121



Appendix I: List of Publications 136

Appendix II: Software 150

viii



Figure No.
1.1

1.2

3.1
3.2

33

34

3.5a

3.5b

4.1
4.2
4.3

4.4

List of Figures

Caption
Multimodal human—computer Interaction
Proposed Architecture for Facial Emotion
Expression Classification
Operation of a neuron
Multiplayer of Network
An example implementation of XOR function
using MLP
Single Layer Feed Forward Network
An example two-input two-output CMAC, in
neural network form (n,, =2,n,=5, n,= 72,
n,=2).

Responses of the feature detecting neurons for

input 1.
Schematic diagram for emotion recognition
Flow chart of facial image segmentation
Design of feature extraction

Plot of discriminant vectors for all 6 expressions

Page No.

29
31

37

38

40

40

63
68
74

77



4.5

4.6

4.7

4.8a

4.8b

4.9

5.1

52

53

5.4

5.5

5.6

5.7

5.8

Training patterns for ANN algorithms
Flow-chart for SLN

Flow chart of the back propagation algorithm
Epochs versus mean squared error

Epochs versus percentage of FEE classification
CMAC in training and testing faces

ROC for FLD

ROC for SLN in classifying FEE

ROC for BPA in classifying FEE

ROC for CMAC in classifying FEE

Accuracy for BPA/SLN/CMAC in classifying
FEE “Angry”

Specificity for proposed algorithms in
identifying “Angry” expression

Sensitivity of BPA/SLN/CMAC in classifying
FEE “Angry”

Comparison of accuracy for BPA/SLN/CMAC

in classifying six FEE classifications

79

85

88

92

93

95

99

100

102

102

104

105

107

108



List of Tables

Table No. Caption Page No.
4.1 Sample of facial expressions 60
4.2 Patterns used for training ANN Algorithms 79
4.3 Number of nodes in each hidden layer 91

5.1 ROC for FLD 97
52 ROC for SLN 99
53 ROC for BPA 101
5.4 ROC for CMAC 102
5.5 Accuracy for proposed algorithms in identifying 104

“Angry” expression

5.6 Specificity for proposed algorithms in 105
identifying “Angry” expression

5.7 Sensitivity for proposed algorithms in 106
identifying “Angry” expression

5.8 Comparison of accuracy for FLD /SLN /BPA / 108

Xi



AAM

ADALINE

ANN

ANOVA

ART

AU

BPA

CMAC

DCT

FACS

FEE

GA

CMAC in identifying six expressions

List of Abbreviations

Active Appearance Model

Adaptive linear element

Artificial neural networks

Analysis of variance

Adaptive resonance theory

Action Units

Back propagation Algorithm

Cerebellar Model Articulation Controller

Discrete Cosine Transform

Facial Action Coding System

Facial emotion expression

Genetic algorithms

xii



HENN Hybrid Emotional Neural Network

HMM Hidden Markov model

ISFER Integrated System for Facial Expression Recognition
JAFFE Japanese Female Facial Expression
LBP local binary patterns

LG Local generalization

LGSP Local Gaussian Structural Pattern
LP Linear programming

MLP Multi-layer perceptron

MSE Mean squared error

PCA Principle Component Analysis
PDF Polynomial discriminant function
QBA queen bee algorithm

ROC Receiver operating characteristics

SLN Single layer network

xiii



SVD Singular value decomposition

SVM Support vector machine

TPR True positive ratio

Xiv



Abstract

This research presents methods of identifying (Facial Expression
Recognition). The objective of this recearch is to present a combact texture
oriented method , along with the dimensions reductions,so it would be used in
the training of three neural networks: ( Single Layer Neural Networks (SLN),
Back Propagation Algorithm (BPA) and Cerebellar Model Articulation
Controller (CMAC) ) for identifying facial expressions. The proposed methods
are called ( intelligent) methods because they can assimilate the variations in
facial emotions and hence proved to be better for untrained facial expressions.
Conventional methods have limitations, so facial expressions should follow
some constraints. Gabor wavelet is used in different angles to extract possible
textures of the facial expression, in order to achieve the expression detection
accuracy. Higher dimensions of the extracted texture features are further
reduced into a two-dimensional vector by using Fisher’s linear discriminant
function in order to increase the accuracy of the proposed methods. Tarining and
testing have been done on JAFFE database on certain facial expressions ( angry,
disgust, happy, sad, surprise and fear) .The performance comparisons of the
proposed algorithms are presented. The resultes obtained are acceptable

according to international standards.
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