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Abstract 

As computers have become more and more advanced, with even the most basic 
computer capable of tasks almost unimaginable only a decade ago, researchers and 
developers are focusing on improving the way that computers interact with people in 
their everyday lives. A core goal, therefore, is to develop a computer system which can 
understand and react appropriately to natural human behavior. 

A key requirement for such a system is the ability to automatically, and in real time, 
recognises human facial expressions. In addition, this must be successfully achieved 
regardless of the inherent differences in human faces or variations in lighting and 
other external conditions. 

The focus of this research was to develop such a system by evaluating and then 
utilizing the most appropriate of the many image processing techniques currently 
available, and, where appropriate, developing new methodologies and algorithms.  

The first key step in the system is to recognise a human face with acceptable levels of 
misses and false positives. This research analysed and evaluated a number of different 
face detection techniques, before developing a novel algorithm which combined phase 
congruency and template matching techniques. This novel algorithm provides key 
advantages over existing techniques because it can detect faces rotated to any angle, 
and it works in real time. Existing techniques could only recognise faces which were 
rotated less than 10 degrees (in either direction) and most could not work in real time 
due to excessive computational power requirements. 

The next step for the system is to enhance and extract the facial features. To 
successfully achieve the stated goal, the enhancement and extraction of the facial 
features must reduce the number of facial dimensions to ensure the system can 
operate in real time, as well as providing sufficient clear and detailed features to allow 
the facial expressions to be accurately recognised. This part of the system was 
successfully completed by developing a novel algorithm based on the existing Contrast 
Limited Adaptive Histogram Equalization technique which quickly and accurately 
represents facial features, and developing another novel algorithm which reduces the 
number of feature dimensions by combining radon transformation and fast Fourier 
transformation techniques, ensuring real time operation is possible. 

The final step for the system is to use the information provided by the first two steps 
to accurately recognise facial expressions. This is achieved using an SVM trained using 
a database including both real and computer generated facial images with various 
facial expressions. 

The system developed during this research can be utilised in a number of ways, and, 
most significantly, has the potential to revolutionise future interactions between 



 III 

humans and computers by assisting these reactions to become natural and intuitive. In 
addition, individual components of the system also have significant potential, with, for 
example, the algorithms which allow the recognition of an object regardless of its 
rotation under consideration as part of a project aiming to achieve non-invasive 
detection of early stage cancer cells. 
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Chapter 1. Introduction 

Dave Bowman: Hello, HAL do you read me, HAL?  
HAL: Affirmative, Dave, I read you.  
Dave Bowman: Open the pod bay doors, HAL.  
HAL: I'm sorry Dave, I'm afraid I can't do that.  
Dave Bowman: What's the problem?  
HAL: I think you know what the problem is just as well as I do.  
Dave Bowman: What are you talking about, HAL?  
HAL: This mission is too important for me to allow you to jeopardize it.  
Dave Bowman: I don't know what you're talking about, HAL?  
HAL: I know you and Frank were planning to disconnect me, and I'm afraid that's 
something I cannot allow to happen.  
Dave Bowman: Where the hell'd you get that idea, HAL?  
HAL: Dave, although you took thorough precautions in the pod against my hearing you, 
I could see your lips move. 
2001: A Space Odyssey 
 

2001: A Space Odyssey was produced in 1968 and shows the vision of what 

human-computer interactions were expected to be in the foreseeable future. While we 

have computers in our homes capable of millions of calculations per second, as well as 

computers controlling many other aspects of our lives, 50 years on from this movie, we 

are still nowhere near having this level of interaction. With so many advances in 

technology and science, why are we still forced to interact with computers using 

precise, discrete commands rather than natural human actions? 

 

The aim of this research is to focus on a key element for improving human-computer 

interactions and to answer the question of whether computers can recognise and 

understand human emotions, and, based on that information, take appropriate 

actions. 

http://www.imdb.com/name/nm0001158/�
http://www.imdb.com/name/nm0706937/�
http://www.imdb.com/name/nm0001158/�
http://www.imdb.com/name/nm0706937/�
http://www.imdb.com/name/nm0001158/�
http://www.imdb.com/name/nm0706937/�
http://www.imdb.com/name/nm0001158/�
http://www.imdb.com/name/nm0706937/�
http://www.imdb.com/name/nm0001158/�
http://www.imdb.com/name/nm0706937/�
http://www.imdb.com/name/nm0001158/�
http://www.imdb.com/name/nm0706937/�
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1.1. Background 

In last two decades, computers have become commonplace in our everyday lives, to 

the extent that they are now an integral and expected part of our society. One of the 

key reasons which have allowed computers to become an increased part of our lives is 

the advances in hardware technology which has meant that the cost of computers has 

decreased significantly while at the same time their capabilities have increased 

exponentially. This has meant that almost every part of our lives is touched by 

computers, from our cars to our TVs to our phones to our fridges and of course the 

home computer, with at least one (and sometimes more) present in almost every 

household in our society. 

 

However, while these advances in hardware technology have been significant and 

dramatic, the way that humans and computers interact has not changed nearly as 

significantly. The very first computers required people to send commands to the 

computers using paper marked with holes. There is no doubt that this process has 

improved somewhat, in that we can now communicate with computers by keyboard 

and mouse – something accessible and easily understandable by everybody. However, 

the basic principle of computer-human interaction has not changed at all – computers 

still require precise and discrete commands as input – any commands that are outside 

those deemed acceptable simply result in error messages or system crashes – even 

when those commands seem perfectly normal and intuitive to the human users.  And 

computers certainly cannot deal with large amounts of random or changing data from 
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which they are required to choose the most relevant information on which to base 

their actions. 

 

The question of whether computers can learn, watch and think like human beings has 

been around almost as long as computers themselves. In 1950, in a paper titled “Can 

machine think?” Alan Turing (1950) gave the concept of the “Turing test”. The Turing 

Test is a proposal for a test of a machine's capability to perform human-like 

conversation.  Turing came up with an elegant solution. He constructed the simple 

proposition that if human beings are intelligent, and if a machine can imitate a human, 

then the machine, too, would have to be considered intelligent. The Turing test 

required that a human “talk” to a computer and another human, and not know which 

one was the computer.  

 

More recently, in 1997, chess world champion Gary Kasparov was defeated by Deep 

Blue, a super computer from IBM.  However, this did not prove that Deep Blue was 

‘intelligent’ in the sense that Turing described – only that it was able to compete with 

Kasporov in a specific task due solely to its huge computational power. A computer 

passing the Turing test would be a significant step forward from Deep Blue.  However, 

despite recent developments in artificial neural networks, data mining, and support 

vector machines, which prove the concept of computer’s ability to learn, we still 

appear to be some distance away from a computer passing the Turing test.  
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What then is the next stage for human-computer interaction? Many researchers 

believe that the next significant advances are unlikely to come through advances in 

hardware, but through the way that computers can be made to understand and better 

react to natural human actions. This step may be the creation of real and effective 

artificial intelligence, where computers do not simply rely on input from users to make 

decisions, but can use visual and other stimuli to take appropriate actions themselves. 

In this way, our interactions with computers should develop so that, as closely as 

possible, they resemble our interactions with other people. This means that we should 

be able to communicate with computers by talking, using facial expressions and 

gestures with the computer understanding what the user means, and what the user 

wants the computer to do. In effect the computer must be intelligent. 

 

However, first researchers must determine what exactly is meant by ‘intelligence’. The 

human brain obviously has the ability to generate and store intelligence, and there are 

now many accepted methods for measuring this intelligence, with such measurement 

often undertaken in real life. For example, people often receive a kind of aptitude test 

when they apply for a job and those people with high marks will have more 

opportunity than those people with low marks. The IQ (Intelligence Quotient) test is 

often used in schools and indicates a person's mental abilities relative to others of 

approximately the same age. However, the human brain has hundreds of specific 

mental abilities and only some can be measured accurately and may be reliable 

predictors of academic and financial success.  
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Some functions of the brain are well understood, and have been replicated in basic 

forms of artificial intelligence. However many of the exact workings of the brain have 

not yet been discovered by modern science, including how brain signals are delivered, 

how these signals are processed, and how images are automatically selected, sorted 

and stored. The question now is whether we can build a machine with artificial 

intelligence which can complete some of the human brain’s more complicated 

functions – particularly those around detection, recognition and understanding of 

visual signals. Once we can successfully recognise those images, the next step is to 

build a system which can react appropriately and naturally to these signals. How 

though can this be achieved?  

 

1.2. Summary of research goals 

The goal of this research is to develop a system which can automatically detect and 

recognise human facial emotions.  The system must work in real time, and on a 

computer similar to those found in most homes in today’s society.  In addition, the 

system must be able to provide accurate results despite the large variations in human 

faces due to gender, age and ethnicity, and also variations in lighting conditions.    

 

This goal has been chosen because facial emotions are a key part of the way humans 

communicate with each other, both in verbal and non-verbal ways.  In fact the display 



 6 

(even inadvertently) of human emotions can often show true feelings, regardless of the 

words being said. This means that recognition and understanding of emotions must be 

an integral part of any system which allows humans and computers to interact with 

each other in a natural and instinctive way.   

 

In order to achieve this goal, the following subtasks will need to be completed: 

 Detect faces rotated by any number of degrees. 

 Enhance and extract facial features regardless of differences in face shape 

due to gender, age and ethnicity and under a variety of different lighting 

conditions. 

 Reduce the number of feature dimensions used in the facial expression 

classifiers so that accuracy is increased and computational time is 

decreased. 

 

1.3. Statement of the problem 

Automatic and real time facial expression analysis is a complicated process and it 

involves many related and sophisticated tasks, including object detection (specifically 

face and eye detection), feature extraction, and feature representation. 

 

The wider field of machine vision and machine learning has been, and continues to be, 

the focus of a significant amount of research as it has many and varied current and 
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potential applications. For example in outer space or underwater exploration a robust 

and accurate machine vision system will allow machines to find and recognize objects 

within these dangerous environments where human exploration would be very 

dangerous and difficult. In addition, machine vision is also important in modern 

military defense with many countries are trying to develop fast and reliable defense 

system based on visual signals. Finally, machine vision systems have a variety of 

applications in our daily life, both now and in the future such as automatic pilot 

systems in vehicles which could, one day, allow vehicles to drive themselves. Machine 

vision will also offer significant advances in medical research. For example, cancer, 

which is very difficult to treat with drugs and radiation therapy alone, could be tackled 

with automatic cancer cell recognition systems which could save lives by detecting 

these cancer cells in their early stages.  However, despite some significant advances in 

some areas, in general, today’s machine vision systems are still very immature. 

 

A significant amount of resource has also been spent on developing a system which will 

allow machines to learn and understand in a similar way to the human brain.  

Recently, researchers have focused on developing and simulating a neuron like 

structure which can complete particular, but limited tasks. These are known as artificial 

neural networks. These artificial neural networks have shown some ability to learn and 

make decisions and in some areas artificial neural network already play important roles. 

However, these abilities are still not strong enough, and significant progress still needs 

to be made in the field of artificial intelligence.  
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The first step for this project is to review and compare the significant amount of 

research already conducted and currently underway in the fields of machine vision and

1.4. Motivation and scope of this research 

 

machine learning to determine which of these techniques may be suitable for use in 

this research.  The next step is to then develop techniques which can fill the gaps left 

by existing methods, in order to achieve the stated goals. 

 

It is acknowledged that the stated goals of this research are broad, with large and 

varied (if not limitless) possible applications. For this reason, it was necessary to 

narrow the scope of the research so that it applies to a specific application, and it was 

decided to focus on an application which would provide immediate, useful, benefits. 

With this in mind, it was decided to create a human-like tutoring system, called the 

Next Generation Intelligent Tutoring System (NGITS) (Sarrafzadeh  et al. 2003; 

Sarrafzadeh et al. 2004). The goal of the NGITS is to use a friendly, intuitive and natural 

interface to improve communications and interactions between humans and 

computers – in effect to act like a real human tutor would act.  For example, if the 

student was frustrated or angry, the NGITS would provide encouragement, and make 

the questions easier, while if the student was happy as they were answering the 

questions correctly, the NGITS could give congratulations and make the questions 

harder. 
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One of the key requirements necessary for the NGITS to achieve its goals is the ability 

to correctly detect, recognise and understand human facial expression. This facial 

expression recognition is the subject of this thesis. 

 

The NGITS also required several other capabilities including the recognition of human 

gestures, the collection of these gestures and the facial expression information, and 

then the ability to make assumptions about the correct action based on this 

information. These requirements are being undertaken by Farhad Dagostar ( Dadgostar,  

Fan, Sarrafzadeh 2005; Dadgostar et al. 2006) and Samuel Alexander (Alexander, 

Sarrafzadeh, Fan 2003; Alexander, Sarrafzadeh 2004; Alexander, Hill, Sarrafzadeh 2005) 

respectively. If these requirements could all be successfully implemented, the NGITS 

system will be able to ‘think’ and give reasonable responses as expected from a human, 

based on natural interactions with users. The architecture of a complete NGITS is 

shown below in Figure 1.1, which shows the extent of the current research and how it 

will be extended by the NGITS team. 

 

Figure 4.2.4.1.1 Structure of NGITS 
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1.5. Contribution of this research 

This research has contributed to the knowledge in the area of computer vision and 

computer learning by both conducting a thorough review, analysis and comparison of 

existing methodologies and by developing novel techniques to allow the stated goals to 

be achieved.   

 

Overall this research has developed a system which can accurately recognise human 

facial expressions regardless of differences in age, gender, ethnicity and lighting 

conditions in real time and using a standard household computer.  In addition, the 

system has been taken out of the laboratory and implemented into a tutoring system 

which is showing immediate benefits during use in the real world. 

 

Specific contributions are described in more detail below. 

 

• A novel technique has been developed which allows faces to be detected 

regardless of the degree of rotation of the image.  This is believed to be the 

first time this capability has been implemented, and can be applied and used 

for objects other than faces. The technique also allows faces to be recognised 

regardless of their size.   

 

• The task of quick and accurate face detection has been significantly improved 

with a novel method that combines the phase congruency algorithm and 
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similarity measurements using FFT. The technique developed provides 

accurate results regardless of differences in face shape due to age, ethnicity 

and gender, and regardless of changes in lighting.   

 

• The extraction of facial features has been improved by combining a novel 

algorithm using face images mean values with the existing CLAHE technique. 

This improvement has meant that key facial features are emphasized, but not 

distorted, meaning that the accuracy of expression detection is improved.   

 

• A key bottleneck in existing recognition methods has also been significantly 

reduced.  This bottleneck is the large number of feature dimensions which 

are created during the process and require an excessive amount of 

computational power and therefore time to process. Using a combination of 

radon transformations and discrete cosine transformations this research has 

introduced a new and efficient method for reducing the number of feature 

dimensions to a degree that the required calculations can now be undertaken 

in real time, with no significant loss in accuracy. 
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1.6. Thesis Overview 

This thesis will introduce a new face detection algorithm and new algorithm for object 

classification which is applied for facial expression analysis. The outline of the thesis is 

described below. 

 

1.6.1. Thesis outline  

 Chapter 1: Introduction to machine intelligence and current 

human-computer interaction and summary of thesis. 

 Chapter 2: Literature review of current research in relation to face 

detection, feature extraction, feature representation, and facial 

expression analysis.  

 Chapter 3: Overview of the novel facial expression analysis system. 

 Chapter 4: Description of facial detection algorithm which will use the 

novel algorithm for rotated unrelated feature extraction.  

 Chapter 5: Describes feature enhancement algorithm, including a 

comparison of all available algorithms for image enhancement.  

 Chapter 6: Description of novel algorithm for facial expression analysis.  

 Chapter 7: Conclusion and suggested future work 
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Chapter 2. Literature review 

 

A real time facial expression analysis system involves technology relating to image 

processing, feature extraction, and machine learning. This research combines and 

integrates all of these techniques. Over the past decade a large amount of research has 

been conducted in the field of object recognition, and many significant breakthroughs 

have been made, particularly involving the detection of inanimate, objects with known, 

fixed parameters. However, detection of the human face remains a difficult task to 

consistently and successfully achieve. This is primarily due to the large number of 

features in the human face and the wide range of variety each of those features can 

have – based on sex, age, and ethnicity. In addition, any face detection algorithm must 

be able to succeed in a wide variety of lighting conditions. Furthermore, the detection 

and successful recognition of facial expressions must surmount all of these difficulties, 

as well as being able to recognise a variety of expressions, which may vary significantly 

on different faces when made by different people. It is a very challenging task to 

achieve. 

 

This research consists of three main areas - image processing, feature extraction, and 

the learning ability of machines. The optimum image processing algorithm combined 

with object classifier trained by Support Vector Machine or Artificial Neural Network 

will allow the system to accurately extract correct features. Feature extraction is an 
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important link between machine learning and machine vision, and a high performing 

feature extraction algorithm will improve accuracy and therefore system performance.  

 

A variety of different algorithms have been developed in each of these areas, and a 

number of researchers have attempted to combine these techniques. This previous 

work has been reviewed and analysed and is summarized below.  

 

2.1. Face detection 

2.1.1. Face detection based on Skin Color 

Face detection by skin color is the simplest and fastest method to detect the human 

face. The skin color is considered a feature and the system attempts to find regions 

containing skin by searching for pixels within the skin color range. It has the advantage 

that it is able to detect faces with a wide range of rotation and poses, but it has a 

significant disadvantage in that it is very inaccurate and results in a high number of 

false detections. Its accuracy also suffers significantly when there is a wide variety of 

skin colors and lighting conditions, and this technique does not work at all on grey level 

images.  

 

Kovac, Peer and Solina (2003) attempted to reduce some of these problems relating to 

variations in lighting through the introduction of their algorithm Illumination 

Independent Color-Based Face Detection. Singh, Vatsa and Singh (2003) introduced a 
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method which combines RGB, YCbCr and HSI color space for face detection which 

reduces some of the issues in relation to the variety in skin colors. Other researchers 

have also realised the importance of accurate recognition of color for this technique. In 

Sobottka and Pittas’s (1996) paper, they segment face image in Hue-Saturation-Value 

(HSV) color space, and apply Active Contour Modeling for face outline detection. 

However, despite these advances and improvements in accuracy, the applications of 

color based face detection techniques are limited. They can be used as a first step in 

face detection, but they are not suitable for high level features extraction and analysis. 

 

2.1.2. Template matching 

Template matching is another method of face detection. Under this technique an 

average face template image is obtained by averaging faces from a database. It is 

important to have a wide range of different face types – both genders and a variety of 

ages and races. This averaging is completed offline.  

 

The system then scans the sample image using search windows (which can be 

automatically varied in size) and attempts to match sample images with the template 

image, by finding the distance value between the search windows and the template. A 

low value indicates a likely match and therefore a probable face candidate. One of the 

earliest template matching algorithms for face detection was developed in 2000 by 

Chang and Robles (2000). In 2003, Ilhan and Meiyappan (2003) combined skin color 
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and template matching algorithm in an attempt to improve both systems. 

 

The advantage of the template matching technique is that it allows the position of the 

face within the image to be located. This means that if further processing is required, 

the non-face regions of the image can be excluded. However, there are also a number 

of disadvantages. A large amount of computation power is required, and the 

algorithms accuracy decreases significantly when images are rotated or distorted – 

through the faces being in different perspectives or variations in lighting. A variety of 

methods have been created which attempt to improve template matching, but, in 

general, because of computational complexity and the inherent likelihood of facial 

features becoming distorted in real life situations due to a number of factors including 

variation in face positioning and lighting, they do not improve results significantly. This 

means that face detection using template matching alone is still not robust enough for 

use in real life situations.  

 

However, this research uses the template matching technique as part of the face 

detection system. This is described in more detail in Chapter 4. 

 

2.1.3. Frequency domain 

It is possible to separate objects based on different viewpoints using FFT and Wavelet 

Transformation which allow the analysis of data across frequency domains. Frequency 
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domain analysis has been used for face detection, and more broadly in signal analysis 

and image processing for a number of years. FFT is widely used to analyse signals 

generated by medical devices (such as electrocardiograms and ultrasounds) (Starr 

2005), as it is relatively simple to classify one dimension signals by mapping them to 

frequency domains.  

 

However, mapping images (i.e. two dimensions) to a number of frequency domains 

using FFT is much more difficult as the accuracy depends on a range of factors, 

including image noise and quality, differences in skin color and lighting shadows. This 

problem means that, the number of inaccuracies is high and therefore FFT cannot be 

used alone for object detection. However, Ben-Yacoub (1997) has created a method 

which combines Multi-layer Perception (MLP) and FFT to achieve a algorithm capable 

of fast and accurate object detection.  

 

This research also uses FFT to improve the template matching part of the face 

detection system. This is described in more detail in Chapter 4. 

 

2.1.4. Geometrical Moment and Zernike Moment 

Geometrical Moment 

The geometrical moment is a successful technique for detection and recognition of 

object features. Geometrical moment is the calculation of the properties of connected 
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pixels or regions and can successfully operate with variations in translation, rotation 

and scale. This method was originally created by Teague (1979) and Teh and Chin (1988). 

In 1962, Hu (1962) improved this original work and introduced seven invariant 

functions for use with the geometrical moment technique and image classification. 

Hu’s invariant moments are widely used in character detection, because characters 

have well defined and non-changing shapes. However these calculations are very time 

consuming, and accuracy can be adversely affected by image noise. Because of this 

problem, this technique cannot be used for real time object detection.  

 

Complex Zernike moments 

The Zernike polynomials were first introduced in 1934 by Zernike (1934). In comparison 

with the geometrical moment technique, Zernike polynomials can more precisely 

describe object characteristics, and also can operate with variations of translation, 

rotation and scale. Bhatia and Wolf (1954) further improved the Zernike technique by 

changing the Zernike transformed images to polar system and then normalised them 

(Khotanzad, Hong 1990). However, these techniques, while more accurate and less 

susceptible to noise than the geometrical moment technique, still do not work in real 

time, as the calculations used are computationally complex and time consuming.  

 

In this research, Geometrical Moment, Hu’s moment and Zernike Moment were tested 

and were found to be very good algorithms for representing object features, but they 

still cannot be considered as accurate image analysis tools. To improve performance, 
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beside calculating the whole image’s moment, calculating these moments locally will 

improve performance a lot. Details of this will be discussed in future work section. 

 

2.1.5. Viola and Jones’s method 

In 2001, Paul Viola and Michael Jones (2001; 2002) created a new method for fast and 

accurate object detection. Their method uses the integral image process to guide the 

image search and then extract the Haar features. Following this step, the AdaBoost 

learning algorithm (also known as OpenCV) is used to classify whether or not the image 

contains a face. Viola and Jones’s algorithm can run in real time and can accurately and 

efficiently eliminate images without facial features before further processing. However, 

a significant problem with this method is that the algorithm will not recognise faces 

which are rotated more than 10 degrees (in either direction). This is a significant 

barrier to being able to deploy an accurate face recognition system for use in real life 

situations, where people’s faces are often not held straight up. 

 

2.1.6. ANN for object detection 

ANN is the best approximation for computer systems to simulate the functionality of 

human brain. A basic form of ANN was first created in 1940 by McCulloch and Pitts 

(1943) who introduced the first neural network computing model. After ten years, a 

two-layer network was introduced by Rosenblatt (1962) which introduced the concept 

of perception. However while ANN’s were able to complete certain tasks, they could 
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not solve more complicated problems, and researchers were unable to make any 

significant breakthroughs for several decades. The next improvement came in 1986, 

when a multilayer neural network with back-propagation learning algorithm was 

introduced by Rumelhart and McClelland (1986). This type of ANN is still the most 

popular in use today.  

 

ANN has been used successfully in the field of image processing and in particular for 

character recognition for many years. Using ANN to detect faces was first attempted by 

Rowley, Baluja and Kanade (1998). Their system is highly accurate when faces are not 

rotated beyond 10 degrees and is not affected by different size images as they reduce 

the image size in steps and search each reduced image until a set minimum image size 

is met. However, this scale reduction technique means that their system cannot be 

used in real time, and again, it is unable to locate faces rotated beyond 10 degrees. In 

addition, while the training for the system is done offline, it is difficult and can take 

several days to complete each time.  

 

2.1.7. Statistical K-mean 

Statistical k-means clustering (Jain, Dubes 1988) is an algorithm to classify or to group 

objects based on features into K group. It has many different applications and has been 

used successfully in image processing, with some of the original work in this area 

completed by Byrd and Balaji (2006), and Su and Chou (2001) for face detection and 
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also skin color classification. In this algorithm, K is the positive integer number for a 

given group. The grouping is done by minimizing the sum of squares of distances 

between data to the corresponding cluster centroid. K-means clustering are 

constructed with voting, weighted voting, selective voting, and selective weighted 

voting.  

 

In comparison with other methods, Statistical k-means clustering has better 

performance in detection, and better results at locating skin color. However it has 

limited pattern analysis ability which is necessary for feature detection. In addition, the 

speed of this algorithm is affected by a number of factors including the image size and 

number of groups, so is unsuitable to operate in real time.  

 

2.1.8. Support Vector Machines 

Aware of the limitations of ANN, researchers focused on developing another method 

for machine learning, known as a Support Vector Machines (SVM). SVM were originally 

introduced by Vladimir Vapnik (1974; 1979; 1995; 1999; 2006). SVMs map data (input 

vectors) to a higher dimensional space where a maximal separating hyper-plane is 

constructed. Two parallel hyper-planes are constructed on each side of the hyper-plane 

that separates the data. An assumption is made that the larger the distance between 

these parallel hyper-planes the better the generalization error of the classifier will be. 

Schölkopf and others (Schölkopf 1997; Schölkopf, Smola, Williamson and  Bartlett 
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2000; Schölkopf, Platt, Shawe-Taylor, Smola and Williamson 2001), Cristianini (2000) 

and Shawe-Taylor and Cristianini (2004) introduced kernel methods to classify more 

complex input data.  

 

In comparison with ANN, SVMs have improved learning abilities and have better 

general performance. In addition, the training required for SVMs is much simpler and 

significantly less time consuming. The training is completed offline, which means that 

SVMs can be used for real time applications. In this research, SVM is trained as a 

classifier for face detection, eye detection and facial expression analysis, and is 

described in more detail in the following chapters. 

 

2.2. Image processing for facial feature extraction 

Feature extraction is a crucial part for object recognition and objects with clear, fixed 

features can be classified easily. For this reason, the methods use to process images are 

important, as they help to improve the clarity of the features within the image This 

research included the review of many different methods for image processing as there 

are many algorithms, each of which is suitable for different purposes. 

 

2.2.1. Image noise removal 

All images contain noise to some degree, which degrades picture quality and edge and 
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feature definition. However it is possible to reduce noise to tolerable limits before 

further analysis is undertaken on the image. There are many noise removal methods 

available, e.g. image averaging, median filtering, sigma filtering, wiener filter, FFT and 

Wavelet filtering. As part of this research, these methods have been reviewed and 

compared. 

 

Average Filter and Median filter 

Image averaging is the simplest and fast way of removing noise and is widely used in 

digital photograph processing. In this algorithm, the value of each output pixel is 

determined from averaging the pixel value of its neighborhoods. Median filtering uses 

a similar algorithm, where value of each output pixel is determined from the median 

pixel value of its neighborhoods. However, both of these techniques results in 

smoothing of the image, which has the disadvantage that it also blurs the images and 

degrades edge information, which, as described above, is crucial for feature detection.  

 

Sigma filter 

In 1983, Lee (1983) created his Sigma filter which was designed to reduce the problems 

of the median and averaging filter. The idea of the sigma-filter consists of averaging 

only those grey values in a window which differ from the grey value of the central pixel 

by no more than a fixed parameter – known as the “Sigma” value. This filter has the 

advantage of smoothing the image, without any significant blurring or edge 

degradation. It also has the added advantage that it is very fast as the computational 
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requirements are reduced. For these reasons, the Sigma filter was considered the most 

appropriate for use in this research. 

 

Wiener filter 

A classical approach to spatial noise filtering is the noise-adaptive Wiener Filter 

(Wiener 1949; Brown 1996). Wiener filter uses a pixel-wise adaptive method based on 

information gathered from a local neighborhood surrounding each pixel. It uses this 

information to estimate the local mean and variance around each pixel. However, a 

problem with the method is that it is relatively successful for images with a lot of noise, 

but does not perform well for clean images. In addition, it also introduces some 

blurring and is computationally complex meaning that it cannot be used in real time 

applications. 

 

FFT and wavelet transformation 

FFT analysis is a very important technology in signal processing and image processing 

and operates by separating an image into its various spatial frequency domains. By 

separating to high frequency and low frequency, the noise is removed easily. An 

algorithm developed by Kovesi (1993; 1999) provides a good example of image noise 

removal by using FFT filtering. This algorithm was used in this research for the 

extraction of facial features. Kovesi also successfully uses phase congruency based on 

FFT. This is described in more detail in Chapter 4. A similar process is known as wavelet 

transformation (Arivazhagan et al. 2007).  
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Edge preserving smoothing process 

As discussed above, averaging filtering and median filtering will blur images and 

degrade edge information and it is difficult to find the optimum sigma value for use in 

Sigma filtering. Nagao (1979), Horowitz and Pavlidis (1994), and others attempted to 

create an algorithm which would smooth an image without blurring or edge 

degradation. Their approach was to output the value of each individual pixel using 

calculations based on the surrounding pixels. This method was improved, firstly by 

Nagao (1979) and Tomita (1997) who proposed using a number of rectangular masks 

containing a set number of pixels as the basis for the calculations. The average grey 

level of the most homogenous mask will be assigned to each pixel as the output value. 

This means that the image is smooth, the noise reduced, but the image is not blurred 

or the edges degraded significantly. This algorithm was used in this research to assist 

with the generation of plotlines to represent facial features. 

 

Overall, the various algorithms described above have different applications and each  

has their advantages and disadvantages. For large size images average filtering and 

median filtering is an efficient technique. FFT and wavelet transformation is a good 

algorithm to enhance special edge features, while sigma filters are popular in photo 

processing. A comparison of each technique is summarized below. 
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Table  2.1 Comparison of different noise removal algorithms 

 

2.2.2. Lighting correction and facial feature enhancement 

As mentioned above, differences in skin color and lighting conditions can make facial 

expression analysis more difficult. Darker skined people look lighter in a bright lighting 

environment, while lighter skinned people look darker in a poor lighting environment. 

These problems cannot be overcome by using only techniques which involve RGB or 

HSV color space analysis. As one objective of this research is to make features more 

clear to extract regardless of the lighting conditions and skin color, it was decided that 

grey level images should be used instead of color images. As part of this research, 

existing feature enhancement algorithms have been reviewed and are summarised in 

the following paragraphs. 

 

Image gamma adjustment 

This technique enhances images by adjusting the gamma value in a simple way- the 

same technique is available in many consumer image processing software (e.g. 

Methods Noise removal Blurring of 

the image 

Performance Parameter 

adjustment 

Universal 

Average Filter Normal Yes Fast Convenient Large size image. 

Median filter Normal Yes Fast Convenient Large size image. 

Sigma filter Good No Average Try Average 

Edge preserving 

smoothing 

process 

Good No Average Convenient Average 

Wiener filter Normal Yes Average No Yes 

FFT and Wavelet 

filtering 

Good Parameter 

control 

Slow No Yes 
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Photoshop). The gamma adjustment changes the relationship between black and white. 

The default value for gamma is 1, which means linear between black and white. If 

gamma is less than 1, the mapping is weighted toward higher output values (white) 

and if gamma is greater than 1, the mapping is weighted toward lower output values 

(Lee 1983). This means that gamma adjustment is an effective way to adjust brightness. 

Both Martinkauppi (2002) and Sterring, Anderson and Granum (1999) showed that 

gamma correction can be applied to adjust an image histogram which will enhance 

facial features. However, the significant disadvantage of this process is that the gamma 

adjustment required to optimize the image is different for every image. This makes it 

unsuitable for this research. 

 

Histogram equalization 

Histogram equalization is the term which describes the process by which an algorithm 

averages the histogram of an image. This algorithm can adjust the histogram in a 

variety of ways. For example as well as averaging, the image contrast may be enhanced 

by stretching histogram or it can be adjusted to approximately match a specified 

histogram. 

 

The histogram gives information about the exposure of an image. If the histogram 

indicates that there are a large number of dark pixels then the image is probably 

underexposed. If there are a large number of light pixels then it is probably 

overexposed. In Rowley, Baluja, and Kanade’s (1998) face detection algorithm, a 
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lighting correction algorithm is applied, and then histogram equalization is applied to 

enhance these facial features. 

 

Enhancing by Morph logic operation 

The morph logic operation is designed to distinguish objects in the foreground from 

the background, by measuring differences in light exposure and contrast across the 

image (van den Boomgard, van Balen 1992) (Adams 1993) (Jones, Soille 1996). This 

algorithm considers the current pixel value and its surrounding area (known as the 

structuring element). Again, similar to the gamma adjustment technique, optimization 

of this method is required for each individual image. 

 

2D Plane fitting 

The linear lighting correction (Rowley, Baluja and Kanade (1998) is a method for 

adjusting strength of lighting which allows skin color to be recognised in most lighting 

conditions. Briefly, this method uses statistical regression analysis to estimate 

approximate lighting across an image.  

 

 

Contrast-limited adaptive histogram equalization (CLAHE) 

Instead of enhancing features according to the histogram of an entire image Pizer et al. 

(1987 ) introduced adaptive histogram equalization in 1987 which enhanced features 

within an image based on smaller regions. This was further improved in 1994 when 
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CLAHE was created by Zuiderveld (1994). CLAHE is a similar algorithm with histogram 

equalization algorithm, but it gives better enhanced features. The basic idea is to divide 

the original image into many tiles or regions. Instead of calculating the global 

histogram of an entire image, CLAHE only calculates the histogram for each region. It 

gives much better contrast and more accurate results. However, it takes a significant 

amount of testing to find the region size which produces the most optimal results. This 

process is described in more detail in Chapter 6. 

 

In summary, the basic idea of image contrast enhancement is the estimation of image 

background and the subtraction of the background image from the foreground (and 

main) image. Histogram equalization and plane fitting provide global estimations of the 

background of an image. They are easily implemented and fast, but only suitable for 

small images (approximately 50 x 50 pixels), as it is relatively simple to estimate and 

recognise the background is small images. But for images larger than 50 x 50 pixels, 

histogram equalization and plane fitting are not a useful solution. For such situations, 

morph logic and CLAHE perform well as they are analyse the image background in 

small sections, although it can be difficult to find the optimum region size.  

 

2.3. Facial expression analysis 

Real time facial expression analysis combines a number of tasks. It involves accurate 

face detection, facial features extraction, facial features representation, and training a 
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robust classifier. The most challenging task is detecting facial features and recognising 

these features. There are a large number of expressions which can be generated by the 

human face. To simplify the task, this research has been limited to six basic facial 

expressions – happy, sad, disgust, surprise, anger and natural (i.e. no expression). 

Previous research in the field of facial feature detection is reviewed below. 

 

2.3.1. Basic facial expressions 

A facial expression results from one or more motions or positions of the muscles of the 

face, and according to Darwin’s theory of evolution (Darwin 1872), facial expressions 

are inherent, rather than learned. These movements convey the emotional state of the 

individual to observers and are a form of nonverbal communication. They are a 

significant means of conveying social information among humans, but also occur in 

most other mammals and some others animal species. 

 

Researchers tried many different methods to recognize and categorise facial 

expressions (Fasel, Luettin 2002). Ekman and Friesen’s (1971) study showed that the six 

basic expressions have unified properties. Further Ekman and Friesen in 1976 (1976) 

developed Facial Action Coding System (FACS), to taxonomize every conceivable human 

facial expression, and in 1998 Essa and Pentland (1998) tried to classify these facial 

action units. It is the most popular standard currently used to systematically categorize 

the physical expression of emotions, and it has proven useful both to psychologists and 
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to animators.  

 

There are a number of existing image processing techniques with which researchers 

have attempted to use or modify to automatically analyse human facial expressions, 

including Hidden Marko Models, ANN, and SVMs. For example, Darrel and Pentland 

(1994), Avent, Ng and Neal (1994), Lisetti and Rumelhart (1998), Yoshitomi, Kim 

Kawano and Kitazoe (2000), and Lin and Chcn (1999) attempted to recognize the facial 

expressions using ANN (ANN). Kumar and Poggio (2002) tried using SVMs (SVMs) to 

classify facial features, and Oliver, Pentland and Berard 1997)，Hu, de Silva, and 

Sengupta (2002), tried to recognize facial expressions by Hidden Marko Models 

(HMMs). The results of all of these experiments and testing indicated that, while these 

existing techniques can accurately detect and recognise a variety of objects, they were 

not suited to the detection of facial expressions. The failures of these generic image 

processing systems led researchers to attempt to create techniques specifically for the 

detection and recognition of facial expressions. For example, Min and Bin (2006) tried 

analysis of facial expressions based on Graph Spectral Decomposition, and Moses, 

Reynard and Blake (1995) and Essa  and Pentland (1995), developed a system to track 

facial features using optical flow.  

 

One of the major problems with attempting to recognise facial expressions using 

Hidden Marko Models, ANN, or SVMs is the large number of feature dimensions that 

are generated during the image processing, which in turn require a significant amount 
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of computational power. Therefore, many research groups have been trying in different 

ways to reduce the number of features dimensions generated by this task. 

 

These facial features extraction algorithms can be broadly classified into the following 

groups: facial features enhancement, facial features geometry information, facial 

features color information, hyper-plane mapping method and statistical appearance 

models.  

 

Yang and Huang introduced facial features extraction by using a method known as 

mosaic image. In their research, the image is separated via different lattices and the 

grey value for each lattice are calculated. It then uses known characteristics of the face, 

eyes and nose to locate these within the image. This method requires a significant 

amount of computation. 

 

Brunelli (1990) introduced horizontal and vertical projection of facial features, which 

separates facial features in the projection plan. This was improved by Feng and Yuen 

(1998) with their Variance Projection Function. This algorithm does not require much 

computational power, but it fails completely when eye detection fails. In addition, its 

accuracy drops significantly when the targets are in a complex background or lighting is 

unbalanced. 

 

Reisfeld, Wolfson and Yeshurun (1995) introduced generalized symmetry transform 
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(GST) method based on facial features symmetry and shape of facial features. This 

method can be used for different expressions and lighting conditions but requires huge 

computational power. This method also does not work when eye detection fails as it 

uses the eye location for centre symmetry. 

 

A general image processing technique called active contour modeling (also known as 

snake) was introduced in 1987 by Kass, Witkin and Terzopoulos (1987). This was 

applied specifically to facial recognition by Liu and Sclaroff (1997) who introduced 

parameter models to locate the eyes and mouth within images. This method has a 

limitation similar with active contour modeling, accuracy depends on initial control 

points.  

 

A further improvement was a technique based on active contour modeling and known 

as Active Appearance Models (AAM) introduced in 1998 by Cootes and others  

(Cootes et al. 1995; Cootes, Edwards and Taylor 1998), which focused further on the 

extraction of facial features. This technique has been used in a number of recent facial 

expression analysis papers. The AAM algorithm was improved further in 2007 by Torre, 

Campoy, Cohn and Kanade (2007). Cohn (1996) introduced Temporal Segmentation of 

Facial Behavior. Wang, Lucey, and Cohn (2007) introduced Non-Rigid Object Alignment 

with a Mismatch Template Based on Exhaustive Local Search. Datcu and Rothkrantz 

(2007) introduced facial expression analysis for still images and video in 2007. Wang, et 

al. (2008) further improved the training of AAM facial feature system by using an SVM 
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in 2008. 

 

However, despite, all these significant improvements, the AAM algorithm still has its 

limitations. Although AAM is a good tool to detect and locate people’s facial features, it 

is generally not accurate enough to detect facial expressions. However training an AAM 

system is difficult and time consuming as it requires various points (such as eyes and 

mouth) to be manually marked on the training images. Furthermore, researchers still 

need to improve the step which emphasizes the facial features which will help the SVM 

to classify the facial expression. 

 

This research introduces a novel facial expression detection algorithm using FFT and a 

novel facial features enhancement algorithm based on CLAHE. These facial features are 

further extracted and enhanced using a discrete cosine transform. The final step uses a 

trained SVM facial expression classifier (Fan et al. 2005a; Fan et al. 2005b; Fan et al. 

2005c). The entire system works in real time and the experimental result shows high 

performance and accuracy. The system is described in more detail in the following 

chapters. 
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Chapter 3. Real-time facial expression 

analysis system overview 

 

Designing an automatic, real time facial expression analysis system is a challenging task. 

The system involves many advanced technologies in a variety of areas including 

artificial intelligence, machine learning, machine vision, statistical regression analysis, 

statistical learning theory and computer graphics.  

 

This work predominately focuses on two key areas - improving machine learning 

abilities and improving facial feature extraction and facial feature representation. 

These capabilities are crucial for making accurate facial expression recognition possible.  

In the previous chapter, two main methods for facial expression analysis were 

discussed and reviewed - video sequence processing and frame based image 

processing. Video sequence processing compares changes of adjacent frames, and 

although it is simple and straightforward, a significant weakness is that it cannot 

analyze static, single images. This means that frame based image processing 

techniques are more appropriate for this research. 

 

A real time facial expression system includes three separate but inter-related main 

tasks. These are real time face detection, facial region image processing and facial 

expression analysis. The processing in each of these three parts is time consuming and 
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the way the tasks are organized and interact also affects performance of the entire 

system. In this chapter, an overview of entire real time facial expression analysis system 

and the integration of the three different components of the system are discussed. In 

addition, the setting in which the experiments were conducted is described.  

 

3.1. Background 

A requirement for a real time facial expressions analysis system is the correct 

recognition of facial expressions within reasonable time. In theory, 50 frames per 

second are practically considered flawless in computer animation, and 12 frames per 

second are considered as real time. It is also necessary to consider the size of the 

image - large size images may demand large memory and also CPU time to process, 

and on the other hand a small size image may not provide all the information needed 

to correctly identify the expression.  

 

3.2. Equipment and 

environment 

Poor lighting conditions make the 

process of facial feature extraction 

difficult - a problem also experienced 

by the human vision system. Also, skin 

 
Figure 4.2.4.1.1 The set up for the normal 
environment including a computer & web 

camera 
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color, and noise within the image are other factors which reduce system accuracy. 

However it is important that any automatic facial expression analysis system is 

developed to be accurate in as wide a range of situations and conditions as possible. 

While it is impossible to design a perfect system suitable for any environment, it is 

possible to design systems to run within set tolerance levels. The development and 

testing in this research assumes normal lighting environment, with no single strong 

lighting coming from any direction. These conditions reflect what would be expected in 

indoor controlled lighting environments, such as schools, offices, retail shops and 

homes. Figure 3.1 depicts the testing environment. 

 

In all experiments, people sit in front of a computer with a normal web camera 

operating. The web camera used is a 

Logitech QuickCam 4000 which connects 

to the computer through a USB port 

(shown in Figure 3.2). The computer used 

is an Intel Pentium 4 CPU 2.0 GHz. Using 

this camera and computer combination, 

160x120 and 320x240 video can be 

captured at a rate of 30 frames per second. However for 640x480 video, the frame rate 

drops to 15 frames per second and also a little blurring occurs. For testing, it is 

assumed that the people are sitting in front of the computer and within 2 metres from 

the camera. With these criteria, the image size of 640x480 pixels was chosen as this is 

 
Figure 4.2.4.1.1 Logitech QuickCam 

4000 used for the experiments in the 
research 
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high enough quality for facial expression analysis. Because people sit in front of the 

camera, within 2 metres, the image size is then reduced by half for face detection (i.e. 

320x240). 

3.3. System structure 

From a functional point of view, as discussed above, there are three main components 

in this system, face detection, facial feature extraction, and facial expression analysis. 

The diagram in Figure 3.3 shows the structure of the system. 

 

 
Figure 4.2.4.1.1 Real time facial expression analysis system structure 

 

3.3.1. Face detection 

The first stage is face detection. Real time face detection requires the face to be 
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located in the image captured from the camera as fast as possible. Researchers have 

had success designing algorithms suitable for detection of various objects, but 

detecting faces is particularly difficult as the face is a special kind of object that does 

not have a defined shape or uniform set of features. 

 

In general, face detection occurs using the following process. Firstly, an image is 

captured by a digital camera. These images are then sent to the face detection system, 

which determines whether the image contains a face. The face detection system in this 

research uses two different filters to determine whether an image contains a face. First 

a fast template matching algorithm makes the initial decision about whether a face is 

present. Images which are considered to contain a face are then sent to the second, 

more accurate filter - a trained support vector machine (the training is conducted 

offline). Support vector machines are used because they are accurate at detecting faces 

as they have a strong learning ability and converge easily. While the support vector 

machines are accurate to a certain degree, they are not yet very good at detecting 

faces which are even slightly rotated – beyond approximately 10 degrees in either 

direction. In order to solve this problem, which would clearly have an adverse affect on 

any face detection system designed to operate in a real world environment, this 

research has developed a real time face detection algorithm which is able to detect a 

face with wide varieties of angle rotations. This will be described in more detail in the 

following chapter. This technique can be applied to any type of object, and ability to 

detect fully rotated objects has a variety of useful applications, such as the detection of 
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cancer cells. 

 

Following the face detection, the next step is to normalize the face region. The size of 

the face image is not always the same, so it is necessary to modify it to the same size 

before continuing with further processing. In order to do this correctly without 

deforming or degrading the image, the eyes must be detected using an eye classifier. In 

previous systems, eyes were detected by using a known parameter that the eye region 

is a darker region within the face. Using this knowledge, a histogram equalization 

algorithm can be applied and the approximate position of the eyes can be found by 

assuming that they are the darkest region within the face. Obviously this can lead to 

inaccurate results as sometimes other parts of the face are in fact the darkest region. 

However, this problem has been solved as this research has introduced a novel iris 

detection algorithm which detects and locates the actual eye, rather than just the 

approximate region of the eye. This is described in more detail in the following 

chapters. 

 

3.3.2. Facial feature extraction 

The second stage is facial feature extraction. Human face images are inherently 

different due to variations of age, sex, skin color, and external factors such as lighting 

conditions. In order to have an accurate facial expression recognition system, it is 

important that these features are normalized as much as possible. 
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After conducting testing of a variety of different methods, a number of techniques 

have been combined to achieve this normalization. These include effective lighting 

correction, sigma filter and contrast-limited adaptive histogram equalization, and edge 

preventing smoothing algorithms. When these techniques are organised and 

implemented in a coherent, effective way, the system is able to enhance and extract 

facial features from a wide variety of human faces and still achieve the goal of real time 

operation. 

 

To remove the effects of skin color and variations in lighting conditions, the facial 

region of the image is converted to gray level and the lighting is corrected using a linear 

lighting correction algorithm. This algorithm averages lighting in all directions which 

nullifies the effect of differences in lighting and skin color. Image noise can also affect 

feature extraction quality, and there are many existing algorithms which eliminate 

noise from images. Lee’s (1983) sigma filter was chosen as the face region noise 

removal algorithm because the sigma filter does not destroy edge information which is 

important for the recognition of facial features. An edge smoothing algorithm is 

applied to make the facial features more consistent. The facial features are then also 

further enhanced by contrast-limited adaptive histogram equalization (CLAHE). The 

facial features enhancement and CLAHE algorithms are described in more detail in 

Chapter 5. 
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3.3.3. Facial expression analysis 

The last stage is the detection, analysis and recognition of the facial expressions 

themselves. In this part of the system, a trained support vector machine is used to 

classify different facial expressions. The support vector machine is trained offline using 

a database containing a variety of facial expressions. To produce a large facial 

expression database for better training results the faces in the facial expression 

database for training were collected from many different sources, and FaceGen 

software was used to generate additional facial expressions. This means that the 

training database is a combination of real and generated facial expression. The facial 

expression database also includes faces of individuals of different age, sex, and race. 

Furthermore, to achieve the best performance for the classifier, an exhaustive 

parameter searching algorithm is applied. Finding the most effective parameters for 

the support vector machine is a difficult task and the steps taken during this research 

are described in more detail in Chapter 6.  

 

Accurate representation of facial features and reducing feature dimensions is also 

important in improving the machine learning ability. The novel algorithm developed in 

this research which reduces features dimensions by radon transformation and discrete 

cosine transformation is also described in detail in Chapter 6. 
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Chapter 4. Scale and Rotation Invariant 

Face Detection using Template Matching 

and SVM 

 

4.1. Introduction 

Accurately locating the face is a very important step for facial expression analysis. Face 

detection has become a specialised task in machine learning and machine vision as, 

unlike many other objects which are detected, faces are inherently varied without 

uniform features. Many researchers have developed different face detection 

algorithms based on different theories and methodologies.  

 

In this research, it was important to test and compare a large variety of face detection 

techniques to determine which was most suitable to assist with achieving the stated 

goals. To evaluate an object detection algorithm, the robustness and performance of 

the algorithm are tested in a number of ways. In general, there are four criteria used to 

evaluate face detection algorithms: scale invariance, rotation invariance, deformation 

intolerance and speed. 

 

 Scale invariance 

Rowley, Baluja and  Kanade (1998) propose a method in which, like in many 
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detection algorithms, face searching is performed in an image pyramid to be 

scale invariant. However the calculations originally involved in this process are 

not efficient, which meant that this technique was not suitable for real time 

applications. Viola and Jones’s (2001; 2002) method improved the speed 

significantly using an integral image for fast feature extraction which allows 

them to accurately and efficiently filter out images that do not contain faces.  

 Rotation invariance 

Images which contain faces which are rotated beyond approximately 10 

degrees (in either direction) are even more difficult to detect successfully. In 

fact, existing algorithms and face detection methods are unable to successfully 

detect images containing faces which are rotated more than 10 degrees. Both 

Rowley’s and also Viola and Jones’ methods suffer from this problem. This is 

because the Artificial Neural Network or the Adaboosting algorithm they have 

used only gives the ability to detect face rotation within 10 degrees of centre.  

 

 Deformation intolerance 

Similar to rotation, inadvertent deformation of face images makes successful 

face detection more difficult. In 1999, the Scale Invariant Features 

Transformation (SIFT) approach was introduced by Lowe (1999), and updated 

in 2004 (Lowe 2004). This technique provides efficient functions to compute 

the difference of the Gaussian (DOG) pyramid (Burt, Adelson, 1983).  

SIFT matches objects by detecting invariant key-points in levels in the 
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Difference of Gaussian (DOG) pyramid (see Figure 4.1). The key-points 

descriptor is shown in Figure 4.2. 

 
Figure 4.2.4.1.1 Difference of Gaussian (DOG) pyramid 

 
Figure 4.2.4.1.2 Key-point descriptor 

 

The results of testing of Lowe’s algorithm as shown in Figure 4.3, verified that 

the algorithm works very well for image matching by finding key points from 

the difference of the Gaussian pyramid. The properties of these key points are 

not significantly affected by different viewpoints. Figure 4.3 shows matched 

points for the same person at different view angles. 
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Figure 4.2.4.1.3 Matched image for the same person - 51 key points found. 
 

However, despite the fact that these face images have similar properties (and are of 

the same person), there are only 51 matched key points. Figure 4.4 shows the result of 

matched key points for different people using Lowe’s algorithm. This test shows that 

there are even less matched points found (33 matched key points). Furthermore, there 

are in fact no key-points found on the face region.  

 

 
Figure 4.2.4.1.4 Matched image for different people - 33 key points found. 

 

This confirms that face detection should be based on facial feature similarity 

and that therefore, SIFT is not suitable for face detection. Despite this, large 

size key-point descriptors combined with facial similarity measurements can 

improve the performance of the facial detection algorithms. This is discussed 

in future work. 
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 Speed 

Without question, speed is another important factor for evaluating real time 

facial detection algorithms, as some applications require detection to occur in 

real time. The NGITS system the subject of this research is one such 

application. 

 

All the different tasks that are required to be undertaken to ensure that a face 

is successfully recognised take a significant amount of computational power. 

This means that is it crucial that each task is finely tuned and efficient as 

possible and that the tasks interact coherently and concisely to effect the 

detection. 

 

4.2. Optimized Candidates using Similarity 

Measurement (OCSM)  

 

The proposed scale and rotation invariant algorithm developed as part of this research 

has been tested and compared with existing algorithms, based on the four criteria of 

scale invariance, rotation invariance, deformation intolerance, and speed. The details 

of the algorithm and comparison of results with existing techniques are discussed 

below. 
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Firstly, the average of a face image is calculated. The averaged face image is considered 

as a face sample for template matching. The averaged face image is generated as the 

mean face from a database of faces. An averaged face sample pyramid is also created 

by scaling down the number of pixels in each averaged sample face image until the size 

of each averaged face image is less than 24 pixels in width and 24 pixels in height. The 

processing of averaging and creating the face sample pyramid is pre-calculated offline. 

 

Next, the system captures images which are blurred by the Gaussian filter to remove 

noise and then facial features are extracted by phase congruency. Phase congruency is 

used as it is one of the best algorithms to eliminate the effects of skin color and lighting 

condition.  

 

Finally, face candidates are selected by fast convolution between the input image and 

the sample image based on Fourier Transformation. Fast convolution by Fourier 

Transformation is applied to find the positions in the input image which are similar to 

the average face image. The sample image is then tested against the averaged face 

pyramid, which (as described above) contains averaged face images of varying sizes, 

with a minimum size of 24x24 pixels. This means that a match between the sample 

face and the averaged face can be found, regardless of the size of the face in the input 

image. This process is, shown in Figure 4.5. 
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Figure 4.2.4.1.1 Face detection using an averaged face pyramid. 

 

As previously described, successful detection of faces rotated beyond 10 degrees is 

particularly difficult. The way this research has approached this problem is to rotate 

the averaged faces by 10 degrees and to then reduce the scale of these images, 

thereby, creating a rotated averaged face pyramid. This process is repeated by rotating 

the face an additional 10 degrees and creating another rotated face pyramid as many 

times as desired. Again, this entire process can be pre-calculated offline and as only 

relatively simple multiplication is involved there is no significant increase in time 

required. Using this method faces rotated up to 180 degrees can be detected. 

 

The final step in this process is to send the images which have been detected as having 

a face to a trained SVM for further classification and confirmation that a face is present. 

This algorithm combines organized fast template matching with the SVM. This 

technique advances the existing methodologies as it allows faces rotated by any 

number of degrees to be detected accurately in real time. The flowchart of the face 

detection algorithm is shown in Figure 4.6.  

Image match 

found at this size 

Sample image Averaged face pyramid 



 50 

SVM Face Classifier

Pre-calculated

Output face 
location

Averaged Sample 
image

Rotate face for 
rotation invariant

Phase congruency
Phase congruency

Template 
Matching

Remove Alias by 
Gaussian filtering

Capture image

Resize template 
for size invariant

FFTFFT

Create candidate 
database

Yes

No

Next

 

Figure 4.2.4.1.2 Flowchart of the scale and rotation invariant face detection 

 

4.2.1. Image feature extraction by phase congruency 

algorithm 

There are many feature extraction methods, such as color detection and edge 

detection which can be used for both faces and other objects. For example, it is 

relatively simple to separate a predominant foreground color from background colors, 
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but color information alone is not sufficient to recognize an object accurately – this is 

particularly true for faces which have a wide variation in color. Obviously, edges also 

provide important information about the features of an object. Sobel and Feldman 

(1968), Canny (1986) and others, have developed a variety of gradient based edge 

detection algorithms. Sobel and Feldman use a first order derivative: 

I II
x y
∂ ∂

∇ = +
∂ ∂

 

And Canny use second order derivative: 

2 2
2

2 2

I II
x y
∂ ∂
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However using first and second order derivatives for template matching does not 

produce accurate results because, although they will show strong differences where 

there are clear differences in pixel values, these techniques are much less effective 

when the differences between the pixel values are much smaller, such as within a facial 

region of an image. Also first and second order derivatives can sometimes result in the 

edges within an image becoming thickened. While this is not a significant issue for the 

detection of some objects, when trying to detect a face, thickening of the edges will 

often distort the face features, which again adversely affects accuracy.  

 

The research by Lim (1990) shows that phase congruency information can provide 

more accurate and simplified information about an image. According to Venkatesh and 

Owens’ (1989) research, maximum phase congruency can be searched using peaks of 
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local energy function. In one dimension the local energy function is defined as: 

 

2 2( ) ( ) ( )E x F x H x= +  

 

Where F(x) is the signal I(x) with its DC component removed and H(x) is the Hilbert 

transform of F(x). Venkatesh and Owens’ research also shows that the energy is equal 

to phase congruency multiplied by the sum of Fourier amplitudes. 

 

( ) ( ) n
n

E x PC x A= ∑
 

 

Morrone and Owens (1987) further define one dimensional phase congruency as: 

 

( ) [0,2 ]
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x
nn
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Where, nA is the amplitude of the nth Flourier component, ( )n xφ is the local phase of 

the Fourier component, and ( )xΦ is the mean local phase angle. Figure 4.7 illustrates 

the relationship between phase congruency, local energy and the sum of Fourier 

amplitudes. The Polar diagram shows the Fourier components at a location in the 

signal plotted head to tail. The weighted mean phase angle is given by ( )xφ . The noise 

circle represents the level of E(x) which can be expected just from the noise in the 

signal. 
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Figure 4.2.4.1.1 The relationship between phase congruency, Local energy and the 

sum of the Fourier amplitudes 
 

For two dimensional image processing, phase congruency can be calculated as 

proposed by Kovesi (1993; 1999) using: 
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( , ) co s( ( , ) ( , )) sin ( ( , ) ( , ))o oso so sox y x y x y x y x yφ φ φ φΦ = − − −  

R RT kµ σ= +  

and ε is a small constant to avoid division by zero.  

 

In comparison with gradient based edge detection, feature extraction by phase 

congruency is more even and balanced. This research shows that phase congruency 

also produces more defined edge detection than gradient based edge detection. This is 
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primarily because gradient based edge detection doubles the thickness of an edge 

which often results in blurred or distorted edges, making feature detection and 

recognition more difficult. In contrast, however, edge detection using phase 

congruency does not, increase the thickness of edges. Figure 4.8 shows, in a sample of 

the current research, the comparative results of gradient based edge detection and 

phase congruency edge detection. The result of edge detection using the Sobel 

gradient based filter is shown in Figure 4.8 (b) and it is clear that the thickness of the 

feature edges has been increased, meaning they are actually less clear and more 

difficult to recognise. In comparison the features detected using phase congruency are 

clean and clear and can easily be used for the similarity measurements.  

 

   

(a) Original image  (b) Sobel filtered image  (c) Phase congruency  

Figure 4.2.4.1.2 Comparison of gradient based edge detection and phase 
congruency edge detection 

 

4.2.2. Template matching for facial feature extraction  

The fastest existing face detection is based on Viola and Jones’ algorithm (Viola, Jones 

2001) in which only face-like regions are fed to the classifier. This intelligent searching 

process is guided by an integral image as features can be extracted easily using the 
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integral image process. The process is also fast as the calculation used only involves 

relatively simple addition and subtraction. Face objects have many known similar 

features which, if used correctly, can significantly improve the performance of face 

detection systems. An example is eye regions which are generally darker than their 

surrounding regions.  

 

However, there are some significant disadvantages of using this method. One problem 

is that it results in false detections, become some of the features used are found in 

other objects, as well as faces. For example, the contrasting light and dark regions 

formed by the eyes and their surrounding areas mentioned above is also formed by a 

variety of other objects in the real world which are not faces. In addition, this method 

may correctly detect that an image contains a face, but not detect the correct position 

of the face. This means that the accuracy of any subsequent processing of that 

particular image will be adversely affected. Finally, this method cannot detect faces 

rotated more than 10 degrees. This research has developed a more effective algorithm 

which uses a face template, Fast Fourier Transformation and classification by an SVM, 

and is described in more detail in the following sections. 

 

The basic concept of template matching is to locate the face position by finding the 

minimum distance value between the search window and the template. Template 

matching uses Euler’s measurement of distance between two objects. 
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2min( ( ) )TM S T= −∑  

where S is image of Search window and T is image of the template 

 

Based on the formula above, if S is close to T, the output is close to zero which indicates 

a successful match. But this method is a rough estimate only, and it does not give an 

accurate determination of whether a face is present. Normally, in two dimensional 

image matching, the correlation coefficient can be used to measure similarity of two 

images to a higher degree of accuracy. Below is the formula for correlation coefficient 

between an image A and image B. 

 

 

Correlation coefficient indicates the strength and direction of a linear relationship 

between two random variables. In image processing, correlation coefficients can be 

used to locate features within an image. This method employs a correlation to define 

the matching template and is sometimes known as template matching. A face template 

is created by averaging face images, including male and female faces from a range of 

different ages. Figure 4.9 shows a collection of different faces which have been 

selected from our database and used in this study and Figure 4.10 shows the averaged 

face. 
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Figure 4.2.4.1.1 Selected images from the Face database. 

 

 

(a)                      (b) 

Figure 4.2.4.1.2 (a) Averaged face – color and (b) averaged face - grey level 

 

Using the averaged face in the figure above, clear facial features are set and used in the 

template. Averaged face is also called mean face. This was created by collecting 400 

face samples, normalizing by eye’s location, summing together and dividing by the total 

number of face samples. The searching process finds all areas within each image which 
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also contain these facial features. The formula for template matching by correlation is 

explained below. 

 

Given two images I and T, I is input image and T is template image (also known as the 

kernel image). The size of image T is a in width and b in height. The mean value of I is Im, 

and the mean value of T is Tm. Correlation coefficients for two dimensional images are 

calculated using the in following formula: 
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However template matching algorithms are not applied widely for object detection. 

This is because gradient based algorithms cannot represent features accurately, and 

also traditional techniques for template matching are time consuming.  

 

Convolutions can be applied for template matching – a higher output means a higher 

similarity with a kernel. In a template matching algorithm, an averaged face image is 

set as the kernel. The highest output of the convolution image indicates the most 

similar region with the kernel image (the averaged face). In comparison with other 

methods, template matching is an efficient algorithm for locating facial features and it 

does not require a significant amount of further image processing. However, there are 

still some weaknesses in these techniques:  
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 The highest value may not be a face, because it only gives the most similar 

region compared with the kernel. 

 The false detection rate is increased due to variations in skin color or lighting 

condition changes. Some researchers have applied edge filters prior to 

template matching, but the rate of false detection still remains very high. The 

reason for this is that gradient based edge detection cannot represent features 

accurately and uneven edge detection will affect the result of template 

matching. 

 Traditional calculation of convolution is computationally expensive. 

 

Because of these shortcomings, template matching has not played an important role 

for object detection for a time and researchers have focused on other techniques. This 

research aimed to reduce or eliminate these problems so that template matching could 

be used effectively.  

 

Firstly, phase congruency, rather than gradient based edge detection is applied for 

feature extraction, because phase congruency represents features more accurately. 

Secondly, Fast Fourier Transform is used to improve the performance of template 

matching. Only images with locations similar with the averaged face template are 

considered as likely to contain a face. This greatly reduces the number of images which 

move to the next stage of processing and improves performance – both accuracy and 
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speed significantly. Finally, a trained SVM makes the final determination of whether or 

not a face is present. 

 

4.2.3. Template for face matching 

This research uses a circular shape for template matching. There are two reasons for 

this decision. The first is that a circular shape increases the accuracy of face detection 

as it ensures that unwanted features are excluded from the analysis. For face detection, 

only the eyes, nose and mouth are considered important features and a circular shape 

allows us to include those but exclude everything else. The other reason is that a circle 

is the best shape to assist with and facilitate rotated face detection. Figure 4.11 shows 

averaged face (a) and face templates (b).  

 

(a) Averaged face (b) Face template 

Figure 4.2.4.1.1 Training samples for face detection 
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4.2.4. Fast Fourier Transform 

The Fourier series is a mathematical method for signal processing. It can also be 

applied to two dimensional images. The Fourier series was introduced by Baptiste 

Joseph Fourier, French mathematician and physicist. The methods of the Fourier series 

are to break down image signals to sinusoidal components. There are several common 

conventions for defining the continuous Fourier transformation algorithm in signal 

processing. It is defined using the following function: 

2( ) ( ) i ftX f x t e dtπ+∞ −

−∞
= ∫  

For Discrete Fourier transformation (DFT), Finite Fourier Transformation is defined 

using the following function: 
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And Inverse Discrete Fourier Transform (IDFT) is defined as: 

21

0

1 iN kn
N

n k
k

x x e
N

π−

=

= ∑  0,..., 1n N= −  

The original Discrete Fourier Transformation is a time consuming calculation. However 

the performance of Discrete Fourier Transform has been improved by Cooley and Tukey 

(1965), and others and is known as Fast Fourier Transformation. Evaluating these sums 

directly would take O(N2) arithmetic operations. Fast Fourier Transformation is an 

algorithm designed to compute the same result in only O(N log N) operations. The 

most well-known use of the Cooley-Tukey algorithm is to divide the transform into two 
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pieces of size N / 2 at each step, and is therefore limited to power-of-two sizes, but, in 

general, any factorization can be used. 

 

4.2.4.1. Convolution and the Convolution theorem  

Convolution is a method to help determine the effect of a given kernel image on an 

input image. Continuous convolution is defined as follows, where ‘a’ is image, and ‘k’ is 

a convolution mask also called a kernel: 

( )( ) ( ) ( )
n

m
a k t a k t dτ τ τ⊗ = −∫  

In discrete image processing, discrete continuous convolution can be defined as 

follows. 

( , ) ( , ) ( , )h i j a i m j n k m n= − −∑∑  

However, this is a time consuming operation when the kernel becomes large and this 

technique cannot be used in real time applications. However, the Convolution Theorem 

gives useful properties for fast convolution calculation. Again, let ‘a’ denote an image, 

and ‘k’ convolution mask, and a k⊗  the convolution of ‘a’ and ‘k’. F represents 

Fourier transformation. F-1 represents inverse Fourier transformation. The convolution 

theorem shows that the convolution of image ‘a’ and ‘k’ can be calculated by inverse 

Fourier transformation of a’s Fourier transformation multiplied by k’s Fourier 

transformation. 
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1[ [ ] { ]]a k F F a F k−⊗ = ×  
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Interchanging the order of integration, 
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So applying a Fourier transform to each side, we have 

[ ] [ ] [ ]F a k F a F k⊗ = ×  

1[ [ ] [ ]]a k F F a F k−⊗ = ×  

With this property, image convolution can be calculated efficiently by FFT. FFT has 

various advantages including 

 Analysis of data in frequency domain.  

 Improving performance of image convolution. 

 And other useful properties which are described in the following section. 
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4.2.5. Scale invariance and rotation invariance 

The size of face images can vary depending on the distance from the face to the 

camera. Rowley, Baluja and Kanade (1998) detected faces using an image pyramid. The 

Gaussian pyramid was introduced by Burt and Adelson (1983), and improved in 1999 

(Lowe 1999) and 2004 (Lowe 2004). Lowe applied the difference of Gaussian pyramid 

to find scale invariant key-points. All these methods are required to create a pyramid 

based on input images.  

 

Searching for a face object or finding features on an image pyramid or difference of 

Gaussian pyramid requires a significant amount of computational power. Testing of the 

convolution theorem during this research produced some interesting results. Let F 

denote Fast Fourier Transformation, F-1 denote inverse Fast Fourier Transformation, a 

denote input image, k denote kernel or template and g denote a variable-scale 

Gaussian. The scale space of kernel image can be defined as a function ( , , )L x y σ , and it 

can be calculated by: 

( , , )  ( , , ) ( , , )L x y g x y k x yσ σ σ= ⊗ , or in short: L g k= ⊗  

If we calculate the fast convolution theorem with an input image, then we get: 

1 1( [ ] [ ]) ( [ ] [ ])F F a F L F F a F g k− −× = × ⊗  

Applying the convolution theorem again we then have: 

1 11( [ ] [ ]) ( [ ] [ [ [ ] [ ]]])F F a F L F F a F g F kF F −− −× = × ×  
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Eliminate Fourier Transformation marked in red, and then we have: 

1 1( [ ] [ ]) ( [ ] ( ) ( ))F F a F L F F a F g F k− −× = × ×  

The above formula shows important properties: 

 In a template matching algorithm, convolution of input image and different 

size face template can be calculated effectively.  

 ( )F g , ( )F k , L g k= ⊗  can be calculated offline, which saves a significant 

amount of computational time. 

 [ ] ( ) ( )F a F g F k× × is the only modification involved, by analysis in frequency 

domain. Only the highest value is considered as the face location. 

 

As SVM and ANN currently have approximately 10 degrees tolerance for detecting 

rotated objects, we first rotated the template image for 35 times 10 degree each time 

to cover a full 360 degree rotation of the object (shown in Figure 4.12 below). The next 

step was to scale each rotated image and created a template database which allowed 

for variations in scale and in rotation. As explained above, all these calculations can be 

performed off line meaning that they require large amounts of memory rather than of 

consuming more computational time. 
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Figure 4.2.4.1.1 Rotated Face templates 

 

From formula 1 1( [ ] [ ]) ( [ )] ( ) ( )F a F gF F a F L F F k− − × ×× = , the term 

[ ] ( ) ( )F a F g F k× ×  is shown in Figure 4.13(a), and 1 [ (( ) ( )] )F a F g F kF − × ×  is shown 

in Figure 4.13(b). Obviously, the centre value of Fast Fourier Transformation always 

corresponds with the maximum value of inverse Fourier Transformation, which is 

maximum value of the correlation coefficients. 

  

(a)                 (b) 

Figure 4.2.4.1.2 Fourier Transformation and Correlation coefficients 
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In Figure 4.14, the original image and the template image are shown in (a) and (b), with 

features extracted by the phase congruency algorithm. The correlation coefficients 

map of the two images is calculated and shown in (c). The peak values which are the 

best locations are shown with a green dot (d). These are the locations that are most 

similar to the face template. 

 

Figure 4.2.4.1.3 Image template matching by Correlation coefficients 

 

The maximum output of the correlation coefficients gives the position within the 

sample image which most likely contains a face when compared with the template 

image. However, it does not mean that a face is detected. The images and 

corresponding locations are then sent to an SVM for final classification on whether a 

face is present or not. The training of the SVM is explained in detail in the next section. 

There are 35 (rotation variance) x 29 (scale variance) = 1015 templates. Some 
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templates may overlap which means that it is therefore unnecessary to send all 

candidates to the SVM. The values of [ ] ( ) ( )F a F g F k× ×  are stored and only the first 

five maximum outputs are considered candidates. These are sent to the SVM for 

classification. 

 

4.2.6. Face Classifier training using an SVM 

The template matching algorithm can achieve the best matching result for face 

similarity and therefore finds the most likely location for a face within an image. 

However, this does not mean that a face will actually be detected within this region. 

The template matching is applied only to increase the speed of the selection of 

possible face candidates. Following this step it is necessary to classify images as 

containing face or not using an SVM or ANN. SVMs have better learning abilities and 

converge easily, and were therefore considered the most appropriate technique for use 

in this research. As discussed in the next section, the template matching algorithm is 

used to extract a possible face location and then the SVM makes the final decision of 

whether the image contains a face.  

 

4.2.6.1.  Face database and non-face database 

The training database for face detection contains 4000 jpeg images, including 2000 face 

and 2000 non-face images. These images are selected from the following databases 
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available on the web.  

 Frontal Face images from CMU.  

 http://vasc.ri.cmu.edu/idb/html/face/frontal_images/  

 CBCL from MIT  

http://cbcl.mit.edu/software-datasets/heisele/facerecognition-database.html 

 JAFFE Database  

http://www.kasrl.org/jaffe_download.html 

 PAL Face Database 

https://pal.utdallas.edu/facedb/ 

 The CAS-PEAL Large-Scale Chinese Face Database and Baseline Evaluations" 

http://www.jdl.ac.cn/peal/index.html 

 

These face images include different races, sex, ages, facial expressions and lighting 

conditions. The faces used are normalized prior to training. Each image is 24 pixels in 

widths by 24 pixels in height. Figure 4.15 shows two samples from the face training 

database. 

  

Face sample Non-face sample 

Figure 4.2.6.1.1 Training samples for face detection 

 

http://vasc.ri.cmu.edu/idb/html/face/frontal_images/�
http://cbcl.mit.edu/software-datasets/heisele/facerecognition-database.html�
http://www.kasrl.org/jaffe_download.html�
https://pal.utdallas.edu/facedb/�
http://www.jdl.ac.cn/peal/index.html�
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4.2.6.2. Face classification 

As discussed in the explanation of template matching by Fast Fourier Transformation, 

the computational complexity of classification will be decreased significantly. SVMs and 

ANNs are both effective tools to classify face patterns. During this research, both 

techniques were studied and compared. 

 

For ANN, a feed-forward back-propagation network was trained to classify objects. The 

structure of ANN is shown in following figure (Figure 4.16), and the detail of the 

training of the ANN is presented in Chapter 6. 

 

Figure 4.2.6.2.1 Artificial Neural Networks for Face Detection. 

 

For SVM, the LIBSVM package was used as the training database to find support 

vectors. The kernel function used was a radial basis function as follows: 

2
( )i jx xe γφ − −=  

 

Decision function used was as follows: 

1
( ) ( ( , ) )

j

j i i j
i

f x sign k x z bβ
=

= +∑ . 

 

The details of training procedure for SVM are presented in Chapter 6. 
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4.2.7. Experimental result 

Most face detection algorithms use a facial features extractor combined with a face 

classifier. In Viola and Jones’ (2001) method, an integral image for feature extraction 

plus Adabooting classifiers has been applied. According to Viola and Jones’s methods, 

the speed of the cascaded detector is directly related to the number of features 

evaluated per scanned sub-window. A C++ implementation of Viola and Jones’s 

methods is freely available as a download from the Intel website and is known as the 

OpenCV detection method. The novel method developed in this research uses an 

effective combination of phase congruency and support vector machine (PC + SVM) 

and has a considerable advantage over OpenCV. It is more efficient for facial features 

extraction, which results in a significantly lower number of possible face candidate’s 

locations being selected for further evaluation by the SVM. However, the performance 

of the novel method proposed in this research is slightly slower than OpenCV detection. 

The average performance comparison is shown in Figure 4.17.  

 
Figure 4.2.6.2.1 Comparison result with openCV 
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More importantly however, the novel technique, allows a rotated face to be detected – 

something not possible using existing methodologies. Figure 4.18 shows result of 

rotated face detection using the algorithm developed. 

  

  

  

  

Figure 4.2.6.2.2 Result of rotate face detection 

Images were rotated to a variety of angles and then tested using OpenCV and the 

proposed PC + SVM methodology. The test results show that our PC + SVM algorithm is 

able to detect faces at any angle. OpenCV, however, is limited to rotations of less than 

10 degrees (in either direction). Figure 4.19 below shows the results of the testing. 
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OpenCV My algorithm OpenCV My algorithm 

    

    

    

    

    

    

    

    

    
 

Figure 4.2.6.2.3 Comparison result with openCV 
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Results presented in Figure 4.19 and the performance and accuracy presented in Figure 

4.20 and Figure 4.21 clearly show the higher rate of correct face detection using the 

proposed PC + SVM methodology. 

 

 

Figure  4.20 Performance of OCSM 
 

 

 

Figure 4.21 Accuracy of OCSM 
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Chapter 5. Facial image enhancement 

 

5.1. Introduction 

In this chapter, image processing techniques for removing noise and enhancing facial 

features are discussed. The first step, which was introduced in Chapter 4, is to detect 

the face using Optimized Candidates using Similarity Measurement (OCSM) object 

detection. For further processing, it is important to then extract facial features as 

accurately and clearly as possible. Facial feature detection is highly dependent on edge 

information, but simply applying existing edge detection or edge filtering algorithms 

will result in the loss of important information. In addition, the accuracy of results will 

be affected by noise within the image. This means that prior to feature extraction, 

further image processing to enhance the face image and to remove noise is essential. 

 

In the technique developed by this research, localized face average skin color is 

considered as background and subtracted from the original image. This allows facial 

features to be enhanced without losing edge information containing facial features. 

The proposed facial image enhancement methods improve the performance of feature 

extraction algorithms and achieve better end results. 

 

In this research, the facial image is captured as described in Chapter 4 – with the 

location of the facial region being the region of interest. In this chapter, different 
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histogram analysis algorithms are compared and tested, and a new algorithm for 

highlighting and analysing the facial region is presented. The results of the testing 

indicate that sigma filtering is the most effective method for the removal of noise 

within the image. The best results for facial feature enhancement are achieved using 

Contrast-Limited Adaptive Histogram Equalization (CLAHE) (Zuiderveld 1994), which is 

followed by edge preserving and smoothing. The whole process is well designed to 

avoid destroying the edge information which represents and distinguishes important 

facial features. This process for face image enhancement can be divided into 4 steps as 

shown in Figure 5.1. Each step will be described in detail in the following sections. 

Edge Preserving 
Smoothing

Novel Facial 
Feature 

Enhancement

Lighting 
Correction

Eliminating 
Noise 

 
Figure 4.2.6.2.1 Steps required for facial image enhancement. 

 

5.2. Eliminating noise 

Noise within an image may be generated in a number of ways, including by the 

hardware used to capture the image. It is virtually impossible to eliminate but there are 

many existing algorithms which can be used to reduce noise to an acceptable level. 

Examples of these algorithms include image averaging, sigma filtering, K-means 

clustering, and mean-shift clustering, Fourier analysis and wavelet transform. 

 

 

Each of the variety of different algorithms for noise elimination is suitable for different 



 77 

and specific tasks. For example, the techniques which use pixel average filtering 

algorithms are suitable for large size images. However, these pixel averaging techniques 

destroy edge information, which is important for some applications, such as medical 

imaging. Other methods to remove noise are controlled by parameters. Examples of 

these are Gaussian and sigma filtering. 

 

In order to assist with the evaluation of different image restoration methods, each 

method was placed into one of three broad categories - neighbourhood operation, 

spatial analysis, and statistical analysis, shown in Table 5.1.  

Table  5.1 Methods for image noise remove 

Neighbourhood operation: Average filtering 

 Median filtering 

 Sigma filtering 

 Gaussian filtering 

 Wiener filtering 

Spatial analysis: Fast Fourier Transformation (FFT) 

 Discrete Fourier Transformation (DFT) 

 Wavelet Transformation 

Statistical analysis: Mean-Shift algorithm 

 K-means algorithm 

 

The performance of the image noise eliminating algorithms as applied to images of 

different size is summarized in Figure 5.2. The results show that the average filtering 
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algorithms (blue line) are the fastest, while Median and Wiener filtering have almost 

the same performance. Wavelet transform is the slowest technique.  

 

Figure 4.2.6.2.1 Performance comparsion on different size of images by different noise 
removal algorithms 

 

It is also clear that the filter size plays an important role in the evaluation of the filter 

performance. Small size filter generates poor results, while large filter sizes tend to blur 

the image. Figures 5.3 and 5.4 show the results of applying different filtering 

techniques to facial information. Among the tested algorithms, the Wavelet transform 

is the best in removing noise from the face images but as shown in Figure 5.2, Wavelet 

requires the highest computation time. The result of sigma filtering is very close to that 

for wavelet noise removal. Moreover, if the parameter sigma is selected appropriately 

the sigma filtering method does not destroy the edge information (blue frames in 

Figures 5.3 and 5.4). 
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Figure 4.2.6.2.2 Comparison of noise removal algorithms as applied to face images 

without a moustache. 
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Figure 4.2.6.2.3 Comparison of noise removal algorithms as applied to face images 
with a moustache. 
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Research and testing showed that average filtering, Median filtering, Gaussian filtering, 

and Wiener filtering algorithms blurred the edge information equally and to an 

unacceptable degree. Moreover, Discrete Fourier Transformation (DFT) and Wavelet 

Transformations are computationally expensive and therefore are not suitable for real 

time applications. After consideration of the performance and test results of different 

filtering techniques, it was clear that, for noise elimination, the sigma filter technique 

was the most appropriate for use in this research. However, it was also clear that the 

basic sigma filter while accurate, was still slow, and further modifications were 

necessary. In the following section, the modified version of sigma filtering algorithm for 

real time facial analysis which is used in this research is described in more detail. 

 

5.2.1. Sigma Filtering – modified for real time applications 

The algorithm for sigma filtering was original introduced by Lee (1983) (also known as 

Lee’s filter). The sigma filtering algorithm consists of averaging only those gray values in 

a window which are less than a set value – known as “sigma”. Parameter sigma is a 

threshold value, and the gray value of the central pixel cannot exceed that sigma. The 

advantage of sigma filtering is the resulting smoothing of the image through the 

removal of noise, without smoothing edges within the image. The pseudo code of 

sigma filtering is presented in Figure 5.5: 
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Figure 4.2.6.2.1 Pseudo code of sigma filtering 

The original sigma filtering technique is a non-linear procedure and it is not efficient. In 

the worst case, it needs about 24 W×  operations per pixel, where W is window size. 

Kovalevsky (1989) improved the sigma filtering by using a local histogram. The 

histogram is an array, in which each element contains the number of occurrences of 

the corresponding gray value in the window. The sigma filter calculates the histogram 

for each location of the window by the means of the updating procedure that follows 

the histogram. Grey values in the vertical column at the right border of the window are 

used to increase the corresponding values of the histogram, while the values at the left 

border are used to decrease them. This reduces the number of operations per pixel to 

approximately 2 2 (2 1)W sigma× + × × + . The following figure shows the result of sigma 

filtering. 

 
Figure 4.2.6.2.2 Sigma Filtering (Sigma = 10) 

 

(define sigma = σ ) 

sum = 0;  

number = 0;  

M = Input(X,Y); 

for each pixel Input(x,y) in the window with the centre at (X,Y): 

if (abs(Input(x,y)-M)<sigma) {  

sum = sum + Input(x,y);  

number = number + 1; 

} 
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These modifications to the original sigma filter make it much more time efficient, 

without any significant loss of accuracy which means that this technique is the most 

appropriate noise elimination method for use in this research, 

 

5.3. Lighting correction 

Lighting conditions and differences in skin color also make facial expression analysis 

more difficult. There are two main methods for correcting lighting. One method is to 

analyze the image background color using statistical regression analysis. This method 

can be applied when images are complex. Another method is to apply a morph logical 

operation, which can be used most effectively when the shape of the object is well 

defined. The morph logical operation has a strong ability to enhance features when 

compared with other image enhancement algorithms. The background can be 

estimated and subtracted from the original image to enhance the features. The 

resulting light correction will make the lighting balanced in all directions.  

 

After evaluating different methods, the morph logical approach was chosen as the 

most appropriate lighting correction algorithm for use in this research. Because the 

face has already been detected and normalized in the previous phase, the face shape is 

well defined, which means that the morph logical operation can be used effectively. 

Another significant advantage of morphological operation is fast performance, which 

makes it suitable for real time applications. Using the morph logic operation, the skin 
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color is considered background color and everything which is not the background color 

– i.e. all the facial features – are what are focused on and enhanced in the next stage of 

processing. The result of lighting correction on a sample image is shown in Figure 5.7. 

 

 
Figure 4.2.6.2.1 Result of Lighting Correction Using Morphological Operation 

 

5.4. Facial features contrast enhancement 

The procedure for removing noise is done prior to contrast enhancement to avoid 

enhancing the noise. An image which has been contrast enhanced is easier for the 

human eye to classify, and similarly, such images also provide more accurate results 

when analysed by computers. 

  

As mentioned above, an efficient and accurate method to enhance facial features is to 

consider skin color as the background color. Facial features can then be enhanced by 

subtracting the background color from the face image. However, it is very difficult to 

find a threshold to distinguish between facial features and skin without using an 

additional method. Histogram, gamma and CLAHE techniques were reviewed during 

this research and are discussed below. Comparisons of images processed using each 
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technique is shown in Figure 5.8 below. 

 
Figure 4.2.6.2.1 Different feature enhancement algorithms as applied to a face 

image. 

 

Histogram analysis is a technique used in some image processing systems. For example, 

we can locate facial features by reviewing a face image’s histogram. Figure 5.9 shows 

skin color estimation by analysis of histogram. The left image is the input image. The 

threshold to separate facial features is manually chosen as 0.6 (marked in red color). 

The right image is the threshold filtered image. The black region shows the 

approximate skin color. Facial region histogram analysis is important to identifying skin 

color and the histogram can be adjusted to obtain better contrast. 

 

 
Figure 4.2.6.2.2 Skin color histogram analysis 

 

However, histogram equalization enhances features, but the algorithm is not intelligent 

enough to separate these background pixels and pixels which denote important 
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features. This is a major disadvantage and means that this technique requires manual 

input for each image. 

 

Gamma adjustment can also be used. With this technique, images are enhanced by 

adjusting gamma value manually, which the gamma value is moved upwards, to 

brighten, or downwards, to darken, the image. However, this method cannot be used 

automatically – it also requires a manual adjustment based on the lighting of each 

image.  

 

Contrast-limited adaptive histogram equalization algorithm (CLAHE) was also reviewed. 

CLAHE is an improved method of histogram equalization. This technique analyses the 

histogram and enhances features locally, and gives better results for image 

enhancement. Traditionally, histogram equalization works by stretching an image’s 

histogram to enhance the image - forcing an image’s histogram to match with a 

specified histogram. Histogram equalization works well on small size images but poorly 

for larger size images. CLAHE algorithms (Zuiderveld 1994) (Umbaugh 1998) (Pizer et al. 

1987 ) take this one step further and divide the image into small regions rather than 

analyzing the entire image all at once. These small regions are also called tiles. Each 

tile's histogram is analyzed and contrast enhanced. The neighbouring tiles are 

combined by using ‘bilinear’ interpolation to eliminate artificially induced boundaries. 

However, CLAHE has one major disadvantage - the result of facial feature extracted 

image by CLAHE cannot be further processed because these features are not clearly 
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distinguished from their background. If this problem could be solved, it was clear that 

the CLAHE technique would be the most appropriate method to enhance facial 

features. Therefore considerable effort was made during this research to solve this 

problem successfully, and the novel technique used is described below. 

 

 

5.4.1. A novel facial feature enhancement method 

As described above, each feature enhancement method reviewed had a variety of 

problems or limitations which mean that they are not suitable for the task proposed in 

this research. This has necessitated the creation of a new feature enhancement 

technique, based on CLAHE. In this research, the CLAHE image is known as the feature 

image. 

 

In Figure 5.5 above, most pixels of a face image represent face skin color, so it is 

possible to consider skin color as background color. By subtracting the mean of skin 

color, an “averaged” face image can be obtained. Furthermore to more accurately 

extract skin color, we can mask out the face outline by using an oval mask. Facial 

features enhanced in the image are calculated by adding the average face image to a 

facial feature image, as described in the following steps and shown in Figure 5.10: 

 

Step 1:  Input image is masked by the oval face mask so that only facial region 
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is left. 

Step 2: Calculate the mean skin color of the facial region and subtract it from 

the original image.  

  Step 3:  Calculate facial features using CLAHE. 

Step 4:  Add facial features to the mean subtracted image created in Step 2. 

 

 

Facial Features 
Extraction by 

CLAHE

Mask Face image 
and calculate mean 

value

Subtract mean 
value from Face 

image

Face image Facial Features 
Enhanced image+    =

Step 1

Step 2

Step 3

 

Figure 4.2.6.2.1 A novel method for facial feature enhancement 
 

 

The following figure (Figure 5.11) shows this algorithm applied on faces, and Figure 

5.12 shows more results on different people. 
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Figure 4.2.6.2.2 The results of applying the algorithms on faces 

 

 

Figure 4.2.6.2.3 More test results of facial feature enhancement 
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5.5. Edge preserving smoothing process 

After the noise has been removed from an image and the features have been 

enhanced, a further processing step can be undertaken to increase the accuracy of 

results. This is to group the pixels in order to reduce the number of duplicated features. 

Among the many algorithms available for grouping pixels, two were considered and 

compared in this study. The first method finds similarity between pixels by statistical 

analysis techniques such as K-means clustering and mean-shift clustering. The second 

method applies pixel neighbourhood operations which are known as efficient 

techniques in image processing. Examples of the second method which are based on 

filtering process include Tomita filter (Tomita, Tsuji 1997), Nagao filter (Nagao, 

Matsuyama 1979), and Kuwahara filter (Kuwahara, Eiho 1976).  

 

 

Compared with image average filtering and Gaussian filtering, Kuwahara filtering is a 

non-linear filter. The purpose of Kuwahara filtering is to smooth images without 

blurring or sharpening the edges. In the Kuwahara filtering algorithm, for each pixel 

(known as the centre pixel), the mean and variance of its four sub-quadrant’s (Region1, 

Region2, Region3, Region4 – shown in Figure 5.13) are calculated, and the mean value 

for the region with the smallest variance is chosen as the output value.  
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Figure 4.2.6.2.1 Kuwahara filtering of an image with 5x5 pixels. 
 

The Kuwahara filtering can be implemented by a variety of different filter sizes. The 

number of operations required for Kuwahara filtering is O(K * K), where K is an integer 

value equal to the filter size. Young, Gerbrands, and van Vliet (1995) implemented and 

improved the performance of Kuwahara filtering by using column-wise calculations, 

which perform operations similar to that of distinct block processing for an image. It is 

about 38 times faster than the original Kuwahara filtering for a 480x640 image with the 

window size equal to 5.  

 

The fast K-mean clustering algorithm (with k = 8) (Elkan 2003) and Kuwahara filtering 

were applied to an image. Figure 5.14 shows the performance of these two algorithms 

in terms of computational complexity and efficiency. After comparing these methods it 

was clear that the performance of improved Kuwahara filter is significantly faster and it 

does not destroy edge information. It was therefore considered the most suitable to 

use as an edge preserving smoothing algorithm in this research.  
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Figure 4.2.6.2.2 The performance comparison between K-means clustering and 
Kuwahara filtering 

 

5.6. Summary of experimental results 

There is not a single algorithm which can extract facial features accurately, but it is 

desirable to represent facial features as clearly as possible. Moreover, the 

computational complexity is another major factor in selecting a proper algorithm, 

particularly when, as with this research, it is a requirement that the application works 

in real time. A novel procedure for real-time facial feature extraction has been 

presented in this chapter. This procedure is well organized and results presented in 

Figure 5.15 show that it is suitable for most skin color, age, sex, and lighting conditions.  
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Figure 4.2.6.2.1 More results for facial features enhancement on different people 

using the novel algorithm developed during this research. 

 

5.6.1. Image size 

Another important consideration during this research was the most appropriate image 

size to use within the system. Large-size images are not ideal for representing facial 

features, because they consequently require a huge computer memory and 

computation time for processing, while images which are too small may result in some 
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information being missed during processing. A number of different size images were 

tested to choose the best image size for optimum performance. The relationship 

between image size and time required to process using the proposed facial feature 

enhancement algorithm is shown in Figure 5.16. Over all, it was concluded that an 

image size of 150 by 150 was the best image size as important feature information 

would not be lost and computational time was about 0.15 seconds - acceptable for a 

real time application. 

 

Figure 4.2.6.2.1 Time complexity of the Facial Feture Enhancement Algoritnm 

 

5.7. Eye detection and face normalization 

Within the images to be analysed by the system, the size of face regions will differ, 

which means that the image needs to be further normalized so that the regions are the 

same size for the next step of processing. This step is very important. It is also 

important that this normalization is done using a method which does not degrade or 

otherwise affect the image, by, for example, cutting off part of the facial region. To 

achieve this goal, this research introduced a novel method to quickly locate eyes within 
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the image. The eyes can then be used as a base location or marker from which the 

normalization can be based. 

 

In order to locate the eyes an integral image is used to improve performance. The 

integral image allows fast computation of rectangular features. The integral image at 

location x, y contains the sum of the pixels above and to the left (Viola 2001; Viola 

2002). 

' , ' ,
( , ) ( ', ')

x x y y
ii x y i x y

≤ ≤

= ∑  

The rectangular features calculation of integral image is shown in Figure 5.17. 

 

Figure 4.2.6.2.1 Integral image feature calculation 

The sum value of all the grey pixels of D is Sum (D) + Sum (B) + Sum(C) – Sum (A). 

For the eye region, the iris region is always the darkest region compared to the  

surrounding regions shown in Figure 5.18. 

 

Figure 4.2.6.2.2 Property of eye region 

 

Eye region has the following property: 
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Sum (A + B + C) > Sum (D + E +F) 

Sum (G + H + I) > Sum (D + E +F) 

Sum (A +D + G) > Sum (B + E +H) 

Sum (C + F + I) > Sum (B + E +H) 

Eye detection results are presented in Figure 5.19. 

 

 
 

   

Figure 4.2.6.2.3 Result of eye detection and face detection 

 

The approximate positions of the eyes are (37,112) and (112,112), as shown in Figure 

5.20. 

 

Figure 4.2.6.2.4 Positions of the eyes in the normalized image 
 

Using this eye detection technique, the face normalisation can be undertaken 

accurately and without distorting the face itself.  
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5.8. Summary 

In summary, various existing facial features enhancement algorithms were compared 

and tested. A novel facial feature enhancement technique which is fast and effective 

for real time image processing was also presented. In the next chapter, a novel facial 

expression analysis algorithm is introduced which employs a trained SVM to separate 

different expressions. 
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Chapter 6. Real time Facial expression 

analysis 

There are two main issues that make automatic facial expression analysis difficult in 

comparison with the same process in humans. The first major issue is the relatively 

undeveloped ability of computers to learn. Although medical science has made a great 

deal of progress in uncovering the human brain structure and its amazing ability to 

learn, researchers have been unable to replicate this process in computers, meaning 

that the computer’s learning ability is still very immature and simplistic – even 

compared with a two year old child’s brain. A significant amount of research and 

experiments have been done to try to simulate human brain’s behaviour in machines. 

ANNs and SVMs are two forms of artificial system which do show an amount of 

machine learning ability, and have been used with a degree of success in image 

processing. 

 

The second major issue is the computation requirements for analysis - especially when 

the subject of the computation is an image or a video. Whether ANNs, SVMs or other 

computer learning algorithms are used, they are all computationally complex and 

require huge computer memory when processing images or video. This means that 

analysis of images or video can only be done in real time with a very expensive and 

sophisticated computer. 
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Feature extraction and representation play an important role in this context. Extracting 

facial features accurately and efficiently not only reduces computational complexity 

but also improves the classifier’s learning ability over time. It is reasonable and 

acceptable to represent an image using different features (rather than the image itself). 

This makes the task of automatic facial expression analysis on a standard household 

computer in real time possible. Essa, Pentland (1998) and others, break facial features 

down to action units. Kanade, Tian, and Cohn (2002) tried to classify facial expressions 

by classifying these action units. As described in detail in Chapter 2, other researchers 

employed other facial expression classification methods including Optical Flow (Cohn 

et al. 1998) (Yacoob, Davis 1996), Wavelet-based Facial Feature Tracking (Wu 1997) (Wu 

et al. 1998), dynamic Bayesian networks (Essa, Pentland 1995), Muscle-Based Feature 

Models (Ohta, Saji, Nakatani 1998) and Hidden Markov Models (Ma et al. 2004) (Lien 

1998). The purpose of all of these methods is to reduce the image dimensions while 

describing facial features as accurately and as concisely as possible for the classifier (i.e. 

SVM or ANN etc) to make the final decision without requiring an excessive amount of 

computational power. 

 

ANNs and SVMs (as well as other methods) are widely and successfully applied in 

optical character recognition. But they are not competent with large, complex images 

which require more in depth and robust analysis, such as those used in this facial 
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expression analysis project. One of the reasons for this is that the image size for facial 

expression analysis is much larger than those used for optical characters recognition. In 

the context of character recognition for the English alphabet 32 by 32 pixels is enough 

and for more complex character sets such as that of Chinese 64 by 64 pixels is 

adequate. In addition to their small size, optical images which are input to character 

recognition systems also have prominent features and defined edges. As the image size 

and complexity increases the problems are more difficult to solve. 

 

It is clear from the research conducted that a key issue to resolve in order to 

successfully achieve the stated goals is to determine whether computers can be 

enabled to recognise and process only features necessary for the classifier to make the 

correct decision, and at the same time ignore duplicate and otherwise useless 

information. 

 

In this research, the facial region of the image is captured by algorithm introduced in 

Chapter 4, and facial features are enhanced by the algorithm described in Chapter 5. In 

this chapter, by analysing the advantages and disadvantages of existing method, an 

effective real time facial expressions analysis system is created. The components and 

processes used in the system are described below. Firstly, the novel facial features 

extraction algorithm is introduced and described. The efficient feature extraction 
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algorithm is an important link between image processing and machine learning. The 

algorithms represented in this research combine the radon transformation and Fast 

Fourier transformation and reduce the feature dimension significantly, while at the 

same time continuing to represent the image accurately. The algorithm can also easily 

be extended to classify objects other than faces. 

 

 Secondly, comparison between SVMs and ANNs is made, and the reasons why 

SVMs are more efficient than ANNs in learning ability are discussed.  

 

 Thirdly, experiments on optimal parameter selection and kernel selection for SVMs 

are presented.  

 

 Finally the experimental results for the novel real time facial expression analysis 

system are presented. The results also confirm that this algorithm is able to 

analysis facial expression for video sequences. 
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6.1. Basic facial expressions 

Humans often express their feelings through different facial expressions. These 

expressions are generated by facial muscles controlled by the brain. Although the 

human face can generate many different facial expressions, only a few facial 

expressions have significant meanings for communication in real life. This research 

focuses on these six basic facial expressions: 

 Happy expression 

Happy expressions are universally and easily recognized, and are interpreted as 

conveying messages related to enjoyment, pleasure, a positive disposition, and 

friendliness. Figure 6.1 shows some examples of facial expressions of happiness. 

   

Figure 4.2.6.2.1 Examples of happy expressions 

 Sad expression 

Sad expressions are often conceived as opposite to happy ones, but this view is too 

simplistic. Depending on the situation, sad expressions convey a variety of messages 

related to loss, bereavement, discomfort, pain, helplessness, etc. Figure 6.2 shows 

some examples of facial expressions of sadness. 
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Figure 4.2.6.2.2 Examples expressions of Sadness 

 Anger expression 

Anger expressions are seen increasingly often in modern society, as daily stresses and 

frustrations underlying anger seem to increase, but the expectation of reprisals 

decrease with the higher sense of personal security. Figure 6.3 shows some examples 

of facial expressions of anger. 

  

 
Figure 4.2.6.2.3 Examples of anger expressions 

 

 Fear expression 

Fear expressions are not often seen in societies which have good personal security, as 

the imminent possibility of personal harm, from interpersonal violence or impersonal 

dangers, is the primary elicitor of fear. Figure 6.4 shows some examples of facial 

expressions of fear. 

   

Figure 4.2.6.2.4 Examples of fear expressions 
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 Disgust 

Disgust expressions are often part of the body's responses to objects that are revolting 

and nauseating, such as rotting flesh, fecal matter, insects in food, or other offensive 

materials that are rejected as unsuitable to eat or touch. Figure 6.5 shows some 

examples of facial expressions of disgust. 

   
Figure 4.2.6.2.5 Examples of disgust expressions 

 

 Surprise expression 

Genuine surprise expressions are usually fleeting, and difficult to detect or record in 

real time. They almost always occur in response to events that are unanticipated, and 

they convey messages about something being unexpected, sudden, novel, or amazing. 

The brief surprise expression is often followed by other expressions that reveal 

emotion in response to the surprise feeling or to the object of surprise, emotions such 

as happiness or fear. Figure 6.6 shows some examples of facial expressions of surprise. 

   
Figure 4.2.6.2.6 Examples of surprise expressions 

These facial features for different expression are further summarised in Facial Action 

Coding System (FACS) (Ekman, Friesen 1978). The following table shows FACS. 
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Table  6.1 Facial Action Coding System 
 

AU Description Facial muscle Example image 

1 Inner Brow Raiser Frontalis pars medialis 
 

2 Outer Brow Raiser Frontalis pars lateralis 
 

4 Brow Lowered 
Corrugator supercilii Depressor 
supercilii  

5 Upper Lid Raiser Levator palpebrae superioris 
 

6 Cheek Raiser Orbicularis oculi pars orbitalis 
 

7 Lid Tightener 
Orbicularis oculi pars 
palpebralis  

9 Nose Wrinkler 
Levator labii superioris alaquae 
nasi  

10 Upper Lip Raiser Levator labii superioris 
 

11 Nasolabial Deepener Zygomaticus minor 
 

12 Lip Corner Puller Zygomaticus major 
 

13 Cheek Puffer 
Levator anguli oris (a.k.a. 
Caninus)  

14 Dimpler Buccinator 
 

15 Lip Corner Depressor 
Depressor anguli oris (a.k.a. 
Triangularis)  
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16 Lower Lip Depressor Depressor labii inferioris 
 

17 Chin Raiser Mentalis 

 

18 Lip Puckerer 
Incisivii labii superioris and 
Incisivii labii inferioris 

 

20 Lip stretcher Risorius w/ platysma 
 

22 Lip Funneler Orbicularis oris 
 

23 Lip Tightener Orbicularis oris 
 

24 Lip Pressor Orbicularis oris 
 

25 Lips part 
Depressor labii inferioris or 
relaxation of Mentalis or 
Orbicularis oris  

26 Jaw Drop 
Masseter relaxed Temporalis 
and internal Pterygoid  

27 Mouth Stretch Pterygoids Digastric 

 

28 Lip Suck Orbicularis oris 
 

41 Lid droop 
Relaxation of Levator 
palpebrae superioris  

42 Slit Orbicularis oculi 
 

43 Eyes Closed 
elaxation of Levator palpebrae 
superioris; Orbicularis oculi 
pars palpebralis  

44 Squint 
Orbicularis oculi pars 
palpebralis  
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6.2. Facial feature extraction for facial expression 

analysis 

In this research facial expression images were collected from the Internet and these 

images were separated into six groups as smile, laugh, surprise, sad, disgust, and 

normal expressions. For each image, facial features are enhanced and normalized to 

the same size (150 pixels in width and 150 pixels in height).  

 

Many different experiments aimed at finding the best image size for training the SVMs 

or ANNs were undertaken. As discussed in the previous chapter, a large sized image will 

require huge memory as well as CPU time and may result in a reduction in accuracy as 

due to uncertain or ambiguous features, while a small sized image will result in the loss 

of some useful information. Experiments were necessary to ensure that the image size 

of 150 x 150 pixels which were used for the feature extraction part of the system would 

also be appropriate for SVMs and ANNs. The results of the testing showed that 150 x 

150 pixel images provided the correct amount of information, and allowed the 

processing to be completed in real time, and therefore were appropriate.  

 

Furthermore, a good feature extraction algorithm not only leads to better computer 

performance, but also improves the machine learning abilities. Choosing a feature 
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extraction algorithm is therefore a key factor in automatic object detection and many 

researchers are working on this area. Edge detection and gradient filters can enhance 

features, but they do not help with reducing the number of feature dimensions. Image 

histogram analysis is an effective feature extraction algorithm and this technique does 

not adversely suffer if an image is rotated. The following figure (Figure 6.7) shows that 

the histograms are almost the same for the image in the figure and its rotated image. 

These images are feature enhanced by Sobel filtering. However, image histogram 

analysis is a not an accurate method for comparing object similarity, and is therefore 

not useful for this research. 

 

 
Figure 4.2.6.2.1 Comparison of an image’s histogram before and after rotation 

 

The idea naturally derived from optical characters recognition is that the simplest and 

most reasonable method is to separate a large image into regions of interest (ROI). The 

classification of the entire image can be done by classifying these small pieces. This 

method works for some tasks. Unfortunately it also increases the number of classifiers 

required, so it also demands more training time. Moreover, this method requires 
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transition rules between these classifiers and this method does not work when the 

small pieces are highly related. Results from this research indicated that this method is 

not suitable for training classifiers and does not work to an acceptable accuracy for 

very large sized images. The steps used in this process are shown in Figure 6.8. The face 

region is divided to three pieces and each region is associated with a classifier and 

output result of each classifier is fed into a final classifier. This final classifier makes the 

ultimate decision as to which facial expression is shown. However, a major problem is 

that for facial expression analysis, the height of each region is not always the same as it 

depends on the shape of each person’s face. This requires the image size in each region 

to be adjusted before being input to the classifier. This operation degrades and distorts 

the image itself as well as the facial features within the image and means the accuracy 

is adversely effected.  

Classifier 1

Classifier 2

Classifier 3

Classifier 4 Output

a
b

c

 

Figure 4.2.6.2.2 Multi-Classifier for Facial Feature Expression Analysis 

There are also many effective feature extraction algorithms used in optical characters 

recognition (OCR). Most OCR systems operate on black and white images, which mean 

that they require perfect image processing before the characters can be recognized. 

One feature extraction algorithm used in optical character recognition is the character 

outline extraction algorithm. The outline extraction algorithm works perfectly for 
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simple characters like the English alphabet or Arabic numerals. However, it cannot 

classify characters in other languages which have a similar outline. This research 

showed a success rate of only approximately 60% on approximately 3000 Chinese 

characters. Figure 6.9 shows examples of ambiguous character outlines. In the 

following example it will get a similar outline features for two different Chinese 

characters. 

 

Figure 4.2.6.2.3 Outline extractions for Chinese characters 

 

This problem was also illustrated when the algorithm was applied to facial expression 

analysis as it is also difficult to generate edge images from a face image that represents 

facial features.  

 

Another feature extraction algorithm used in optical character recognition is pixel 

density feature analysis and pixel connectivity analysis. The pixel density feature 

analysis algorithm sums the value of each pixel and its neighbourhood pixels, and sets 

the sum as a feature. The algorithm calculates how many connections there are 

between each pixel and its neighbours, which are normally four or eight way 
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connections. Both the outline extraction and pixel density analysis feature extraction 

algorithms halve the image size and produce very similar results. The following figure 

(Figure 6.10) shows an example of eight-direction connections for an image. 

 

  

(a) Eight-directions (b) Example of connections test 

Figure 4.2.6.2.4 Eight-directions connections and an example 

 

As stated above, the outline extraction algorithm resulted in an accuracy of about 60% 

on 3000 Chinese characters. The pixel density feature analysis and pixel connectivity 

analysis have an accuracy of approximately 80%. When these two techniques (outline 

feature extraction algorithm and pixel density feature analysis) are combined, the 

results have an accuracy of about 92% on the same characters. This accuracy is high 

enough to mean that these methods can be combined and applied successfully to very 

‘simple’ facial features extraction tasks, for example cartoon faces or heavily made up 

(and therefore well defined) faces. These methods also require that the images are set 

in a good, consistent lighting environment. 
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Principal component analysis (PCA) is a way to reduce feature dimensions. PCA is a 

useful statistical technique in face recognition and image compression. However, this 

method does not allow the recovery of the original image and facial features extracted 

using PCA are not able to be enhanced. It is therefore not suitable for use in this 

research. 

 

Geometry moments are a way to measure object features. Hu’s (1962) simplified 

moments contain useful properties. Frits Zernike (1934), a Dutch mathematician and 

Nobel Prize winner in 1953, introduced complex moments. Since then a significant 

number of research and experiments (including experiments in the field of object 

detection and recognition) have been done to investigate the capabilities of Hu’s 

moments and Zernike complex moments. These two techniques attempt to represent 

features regardless of rotation and scale. Although these techniques can successfully 

reduce the number of image dimensions, testing has confirmed that when dealing with 

large sized images, they are produce unclear results. Moreover they computationaly 

complex and are therefore not useful for achieving the stated goals. 

 

This research focused on designing and tested a novel feature extraction algorithm for 

facial expression analysis which reduced or eliminated some of the limitations of the 
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existing processes described above. The algorithm combines the radon Transform and 

FFT. The radon transforms works by projecting every pixel’s intensity value to a specific 

angle group. Normally the angle group is ranged from 0 degrees to 179 degrees, (with 

image projection for degrees from 180 to 359 being symmetrical to projection from 0 

to 179 degrees). Figure 6.11 shows the radon projection for 45 and 135 degrees. 

45

135

x

y

Projection line

 

Figure 4.2.6.2.5 The radon projection for 45 and 135 degrees 

The radon transform can successfully detect objects created by clear lines, because the 

line projection will be concentrated in a certain angle. In the radon projection map, 

every pixel will create a half sine signal when projected within 0 to 179 degrees. The 

projection of the entire image will therefore be the accumulation all these sine signals. 

Figure 6.12 shows the radon projection of the images of extract facial feature.  
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Figure 4.2.6.2.6 Feature Extraction and Radon Transformation 

FFT is a convenient way to represent these sine signals which reduces the number of 

dimensions of image features without losing important information. FFT breaks down 

features and separates the real parts and the imaginary parts. It is important to 

undertake this separation as the real parts and imaginary parts double the size of 

important features. More simplified features can be extracted using a discrete cosine 

transform (DCT) which is closely related to the discrete Fourier transform. The formula 

for DCT is described below, where M and N are number of the rows and columns of 

image I. The DCT gives real output when applied it to an image. 
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The DCT is widely used in JPEG image compression. This algorithm can compress an 

image at a very high ratio - a 24 bit per pixel color bitmap image compressed by DCT in 

JPEG format reduces by approximately 90%. It is possible to apply DCT to an image of 

extracted facial features directly without applying radon transformation first, but this 

means that it is not possible to trace important facial features. Figure 6.13 shows a 

sample of experimental results of applying discrete cosine transform to facial feature 

extracted images directly. 

 

Figure 4.2.6.2.7 Images of extracted feature and their discrete cosine transform 

These results show that important phases have been marked with white dots which 

denote important facial features. Those phases which are ignored (and are 

unimportant) are marked with black dots. The result shows that while the discrete 

cosine transform reduces image dimensions significantly, it also renders them 

indecipherable for the classifier (in the next stage of the process). Furthermore the 

locations of the white dots are disordered and confirm that this technique is not able 
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to locate and collect useful information. However, this major limitation of DCT can be 

removed by firstly applying radon transformation to the image. DCT is able to process 

the sine or cosine signals produced by radon transformation, which means that the 

facial features can now be detected and sorted. Moreover, they can run in real time on 

a normal PC.  

 

Figure 6.14 shows sample images from experimental results showing the result of 

applying the radon transformation followed by DCT on the same images as in the 

previous figure (Figure 6.13). 

 

Figure 4.2.6.2.8 Feature extracted image and its discrete cosine transform 

It is clear that these important phases which represent facial features will congregate 

at the upper left corner according to the DCT process. These coefficients can be easily 

collected and selected. In this research, for each image of size 150 x 150 pixels, 1221 

DCT coefficient features were used for the SVM input, instead of the 22,500 pixels 

which would be used as input for an unprocessed image. With this significant reduction 

in the number of feature dimensions, the performance of SVMs improved dramatically 
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as shown in the following figure (Figure 6.15). 

 

Figure 4.2.6.2.9 Features dimensions reduced using the feature extraction novel 
algorithm 

(a) 22500 features, (b) 1221 features 

The AAM (Cootes et al. 1995; Cootes et al. 1998; Cootes, Taylor 2001) method can 

accurately mark facial features and also uses significantly less points to represent these 

facial features. This means that training of either SVM or ANN system is easier. But, it 

also means that there is less information to use to detect some expressions, which can 

results in accuracy dropping below acceptable levels. For example, when people are 

angry or sad, the corners of the mouth go down, and also when people are sad or 
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angry, the brow region becomes furrowed. However, this does not mean the 

expressions are the same and the system needs to detect the differences in these 

expressions. Testing was undertaken to compare the results of analysis using AAM and 

the novel technique developed in this research. The results showed that the AAM 

(Ahlberg 2001; Taylor 2001; Ahlberg 2002.) technique can fail to detect and recognise 

the mouth features (shown in Figure 6.17(a)), but the novel method correctly detects 

that mouth corners which are down (Figure 6.16, b), (and that therefore this is an 

image of a sad face). 

 

(a) AAM 

 

(b) My method 

Figure 4.2.6.2.10 Comparison of the novel algorithm (b) with AAM (a) 

 

It is clear that although AAM does reduce the number of features used to represent 

image information, it does so at the expense of detail and therefore accuracy, and 

means that the accuracy rate is too low to be deployed in a facial expression 

recognition system. This limitation is not shared by the novel method developed during 

this research which not only accurately represents facial feature but also effectively 
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and significantly reduces the number of feature dimensions.  

6.3. Classification of facial expressions - ANNs and 

SVMs  

6.3.1. Summary 

The selection of a good classifier is crucial to achieve the stated goals as achieving the 

best classification performance and required accuracy can be a time consuming 

process. This research included experiments both on SVMs and ANNs. Numerous tests 

were carried out - not only in applying different image processing algorithms, but also 

on different machine learning strategies. The results of these tests have shown that 

despite ANNs being a natural way of simulating the structure of human brain, the 

learning ability and the confidence interval in statistics are not comparable with SVMs. 

This, combined with the more difficult training requirements of ANNs, meant that, for 

this research, SVMs were considered more appropriate, and focus was given to training 

an SVM for use within the system. The background on the capabilities of ANNs and 

SVMs and the process which led to the selection of the SVM is described in detail in the 

following sections. 

 

6.3.2. ANNs Overview 

Based on the study and simulation of the human brain and neural structure, ANNs have 

been designed and subsequently tested with a goal of replicating the strong learning 
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ability of the human brain. These tests have confirmed that ANNs are able to learn – 

although still only at an elementary and basic level. This reflects the fact that the level 

of understanding in today’s science and technology of the human brain structure and 

how information is transmitted between neurons is still at an early stage.  

 

While ANNs are immature when it comes to the electronic simulation of human brain, 

their limited ability has already generated great influence in the field of machine 

learning. The basic structure of an ANNs is shown in the following figure (Figure 6.17). 

 

 

Figure 4.2.6.2.1 Structure of an ANNs 

The back propagation learning algorithm is a supervised learning technique often used 

in ANNs. Back propagation was first described by Werbos in 1974, and further 

developed by Rumelhart and McClelland ( 1986).  

 

Back propagation requires the transformation function to be differentiable. Similar to 

the perceptron learning algorithm, back-propagation attempts to reduce errors, which 

are the differences between the actual output and the desired result. The errors have 
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to be propagated back to the hidden neurons. In some circumstances, and after some 

iteration, an ANNs learns from the input pattern by calculating the error of each 

neuron’s output and adjusting its weight value to match the desired output. Such a 

learning loop ends when the ANN gives a correct output or reaches a maximum 

number of iterations. The back propagation algorithm can be described using the 

pseudo code presented in Figure 6.18. 

 

 

 

 

Figure 4.2.6.2.2 The Back Propagation Algorithm 

 

In this research, the first step was to create a 4 layer feed-forward back-propagation 

ANN (shown in Figure 6.19) and facial features are set as the input of the ANN. The last 

layer corresponds to the output layer. The Levenberg-Marquardt back-propagation 

algorithm (Fletcher 1971) is applied. The tansig transfer function is selected (shown in 

Figure 6.20). 

 

 

Figure 4.2.6.2.3 the structure of ANN for training facial features 

Randomly initialize weights of network 

Repeat 

For each pattern P in the training set 

Calculate actually output of network (forward pass). 

Compare actually output with desired output. 

Backward calculate weight update value from hidden layers to input layer. 

Update the weights of the network 

End 

Until all training patterns classified correctly or stopping when maximum iteration meet. 
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Figure 4.2.6.2.4 Tansig transfer function 

Figure 6.21 shows the ANN performance at gradient of 1000 epoch. Figure 6.22 

shows that the gradient is a falling line which means that the rate of learning drops 

significantly over time. Furthermore, the ANN structure also requires a large 

amount of memory space. Regression on an ANN system after 178,073 iterations is 

shown in Figure 6.23, indicating that at this point, the accuracy is reduced below 

acceptable levels. 

 

Figure 4.2.6.2.5 performance and training state for ANN 
 

 

Figure 4.2.6.2.6 Gradient for training ANN 
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Figure 4.2.6.2.7 Regression on ANN (after 178073 iterations) 

 

The disadvantages of the ANN’s back propagation learning algorithm can be briefly 

summarised as follows. ANNs may converge on local minimum value, the training 

process for ANNs is very time consuming because the learning process takes some time 

to converge and the transformation function has to be differentiable. Furthermore, 

ANNs are attempting to simulate the regression ability of the human brain which is a 

process that researchers do not yet fully understand, meaning that its implementation 

into a computer system is even more difficult. Finally, ANNs are limited by their current 

structures which may be improved through future research. 
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6.3.3.  SVMs Overview 

In 1974, Vapnik (1974) introduced a statistical learning theory and based on this, the 

initial concept of SVMs was introduced by Vapnik, Steven, and Smola (1996). In 1984, 

Haussler (1990) introduced probably approximately correct learning (PAC). Based on 

the PAC learning algorithm Vapnik further developed the Structural Risk Minimization 

Method (1979) and refined the concept of SVMs (Vapnik 1995). Recent research shows 

that, with the addition of the kernel method, in 1990s (Haussler 1990), SVMs have a 

strong learning ability (Burges 1997; Osuna, Freund, Girosi 1997a; Osuna, Freund, 

Girosi 1997b; Schölkopf 1997; Cristianini, Shawe-Taylor 2000; Schölkopf et al. 2000; 

Schölkopf et al. 2001).  

 

In the training algorithm used for SVMs, for the two class linear separable classification 

problem, let x  denote pattern for training, and y denote the desired output. The 

training pattern can them be written as:  

Training set{ , }, 1,..., , { 1,1}, d
i i i ix y i l y x R= ∈ − ∈　　 .  

Suppose that there exists a hyper-plane, separating two classes. For all x  on that 

plane, it has to satisfy the equation 0=+⋅ bxw . In SVM theorem, the best way to 

separate two classes is to find the maximum margin between the support vectors 

(marked in red color) and the two parallel hyper-planes as shown in Figure 6.25.  



 125 

H2

H1

M
ar

gi
n

2/
||W

||

Class 1

Class 2

1w x b⋅ + = −

Hyper-Plane
0w x b⋅ + = 1w x b⋅ + = +

ξ

ξ

 

Figure 6.3.3.1 Separating two classes by hyper-planes 

Class 1 satisfies 1w x b⋅ + ≥ + , and all the points on hyper-plane H1 satisfy 1w x b⋅ + = + . 

Class 2 satisfies 1w x b⋅ + ≤ − , and all the points on hyper-plane H2 satisfy 1w x b⋅ + = − . 

Combining Class 1 and Class 2 we obtain the inequality ( ) 1 0i iy w x b⋅ + − ≥ . The 

distance between the two hyper-planes is 2/||w ||. So finding the maximum margin is 

equivalent to minimizing || w ||2 subject to constraints ( ) 1 0i iy w x b⋅ + − ≥ . Then, 

applying Lagrange multipliers, we get: 

[ ]2

1

1 ( ) 1
2

l

i i i
i

L w y x w bα
=

≡ − + −∑     (1) 

Next we take the derivative of L  with respect to w , and obtain: 

i i i
i

w y xα=∑        (2) 

Take the derivative of L  with respect to b , and then get: 

0i i
i

yα =∑         (3) 

Substitute (2) and (3) into (1), and get: 
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,2
( )1

i i j i j
i i j

i jL y y x xα α α= −∑ ∑     (4) 

Therefore L  is maximized with respect to iα , subject to constraints 0i i
i

yα =∑  and 

positivity iα . Those vectors with 0iα >  are called support vectors, and they are on 

hyper-plane H1 or H2.  

 

It is then easy to apply formula (4) to the two class nonlinear separable classification 

problem. This is because it is possible to map nonlinear data to another Euclidean 

space, which separates these classes by a linear separable formula inside that 

Euclidean space. In formula (4), only ( )i jx x which is the dot product is involved. The 

mapping function can be written as : dRφ Η . And the dot product can be written as 

( , ) ( ) ( )i j i jK x x x xφ φ=  ,and K is the kernel function. A great advantage of kernel 

functions is that only the kernel function is needed when training the SVMs – it is not 

necessary to explore or study about the mapping functionφ , which makes the training 

significantly easier and quicker. There are several kernel functions which were found 

during this research and these are: 

Polynomial function:      ( , ) ( 1) pK x y x y= +  

Gaussian radial basis function (RBF):  
2 2/2( , ) x yK x y e σ− −=  

And sigmoid function:     ( , ) ( )K x y tanh kx y δ= −  
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Maximizing the margin with noise was introduced by Vapnik (1999). To find the 

maximum margin the following equation is utilized, where C is the trade off parameter 

between error and margin, and ξ  is error: 

2

1

1
2

l

k
k

w C ξ
=

+ ∑   Subject to ( ( ) 1T
i i iy w x bφ ξ+ ≥ − , 0ξ >  

 This then becomes a quadratic problem and the maximum margin is: 

,

1
2

( )i i j i j
i i j

i jxy y xα α α−∑ ∑  Subject to 0i i
i

yα =∑  (5) 

Where, i i i
i

w y xα=∑  and (1 )k k k kb y x wξ= − −  . 

 And then, the classification function can be written as: 

    ( , , ) ( )f x siw b wgn bx= −  

The training of the SVMs is the process of finding the support vectors by solving 

formula (5). Because there is only dot products involved the entire training procedure 

is very fast. Also, in real world pattern recognition, a two class problem can be used to 

solve a multi-class problem by considering one class against all the rest of the classes – 

this can briefly be described as a “one against all” technique. 

 

6.4. Training of the SVM 

In this research, the training of the SVM is based on the theory of SVM. However, some 

areas of theory, for example, how SVMs map data to the hyper-plane, and what kernel 

functions give the best result, are still being researched. This means that in this 
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experiment it was necessary to test a variety of different kernels to determine which 

provided the best result. Similarly testing was necessary for the multi-class 

classification problem, “One class Against All” and “One class Against One” are both tested 

and compared(Allwein, Schapire, Singer 2000; Hsu, Lin 2002; Rifkin, Kalautau 2004).  

 

6.4.1. “One against All” and “One against One” classification: 

To reduce training complexity, it was necessary to start from the assumption that all 

input features are obtained from images with normalized face regions. This means that 

the facial expression analysis classifier used in this research only works on images with 

a normalized face region. The face region images are located by the face detection 

algorithm introduced in Chapter 4, and the facial expressions are separated to six 

classes. They are, natural (class ID=0), happy (class ID=1), laugh (class ID=2), sad (class 

ID=3), angry (class ID=4), surprise (class ID=5), disgust (class ID=6). 

 

There are two important strategies for multi-class SVMs. The first is “One against All” 

and the other is “One against One” strategy. In “One against All” strategy, it is 

necessary to create one SVM for each class, and consider all other classes as another 

class. The classification of “One against All” is based on maximum output from all SVMs 

where the output with the highest value is considered correct. From the literature 

review alone, it is hard to conclude which strategy is better for classification, so testing 



 129 

and comparison was required to determine which method produced the best results. 

The comparison results of these comparisons are shown in the following section. 

 

In the “One against One” strategy, the SVM considers all possible pairs between every 

pair of classes. So for n-classes’ classification problem it requires ( 1) / 2n n× −  SVMs. 

And the ultimate classification decision using the “One against One” is based on the 

maximum voting sum from all SVMs outputs. Multiclass classification problems are still 

the subject of ongoing in research, and are therefore not completely reliable.  

 

Testing was conducted, which confirmed that, while the accuracy and speed of both 

methods was comparable, the training time of the “One against One” technique was 

considerably longer. Also, as there is a need to undertake a multiclass classification 

process, it is also more complicated to implement. For these reasons, it was decided to 

use the “One against All” technique during this research.  

 

6.4.2. Cross validation 

Sometimes machine learning algorithms do not perform well with particular input data. 

In ANNs, this is called the over training problem and this issue also occurs in SVMs. It is 

caused when the training process converges on local optimal parameters but can be 
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avoided by choosing optimum parameters for the training. This is known as cross 

validation.  

 

In the cross validation algorithm, training data which is already classified is collected in 

a random order. The training process randomly splits the data to several groups known 

as training sets and testing sets. As the name implies, the training sets are used for 

training, and the testing sets are used for predicting and calculating the accuracy. The 

total number of groups is known as the k-fold, and the process is generally known as 

k-fold cross validation. To ensure that not too much important training data is lost, only 

a small amount of data is used for testing purposes during each training process.  

 

For training the facial expression analysis system, facial feature data was collected and 

labelled with the correct class ID. According to k-fold cross validation algorithm, a k 

equal to 5 was used, which means 5-fold cross validation, and the data was randomly 

sorted in 5 folds (or groups). In each training process, from these 5 folds, 4 folds were 

randomly chosen as the training set and 1 fold as testing set. The system was then 

trained and tested and the parameters were adjusted based on the latest set of results. 

Then the facial feature data was again grouped randomly into 5 folds, with 4 folds were 

randomly chosen as the training sets and 1 fold as testing set and a new set of training 

and testing was completed. This process continued with parameters being adjusted 
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after each set of testing until the optimum parameters were found. 

 

To ensure that the best result is achieved, it was also important to collect and prepare 

a sufficient amount of data for the SVMs. About 4000 real images of different facial 

expressions were collected. However initial experiments showed that it was still not 

enough for this complex task and the results were not sufficiently accurate. To increase 

the amount of available data, approximately 8000 artificial facial expression images 

were generated using FaceGen 3.0, which is a face modelling tool. Examples of artificial 

face images are shown in Figure 6.25.  

 

Figure 6.3.3.1 Artificial faces generated by FaceGen (natural expression) 

There are three very important reasons for using these artificial expressions as training 

samples. The first reason is that these artificial facial expression images can be 

collected and classified easily. The second reason is that the artificial facial expression 

images are free from excessive noise, and variations in lighting which mean that the 

features are clearer. This means that the SVMs can learn from these important facial 

features rather than from noise. The final reason is that we can use regression theory 



 132 

to separate the images and group the data in hyper planes. 

 

6.5. Testing of kernel functions 

Three important kernel functions, Polynomial kernel function, Gaussian radial basis 

function (“RBF”), and Sigmoid kernel (Burges 1997; Cristianini, Shawe-Taylor 2000) 

were tested using an SVM system. The results of applying different kernel models to 

our image database are presented in Table 6.2. From these results it is clear that the 

RBF kernel provided the most accurate results and was therefore chosen to be used in 

this research.  

 

Table  6.2 Accuracy of different kernels. 
 Linear Kernel 

Model 

Polynomial 

Kernel Model 

RBF Kernel 

Model 

Normal 75% 89% 89% 

Disgust 65% 75% 85% 

Fear 68% 83% 86% 

Smile 73% 87% 93% 

Surprised 87% 93% 94% 

 

 

The results of facial expression analysis testing undertaken with the novel technique 

developed in this research using the RBF kernel was also compared with result of Datcu 

and Rothkrantz’s (2007) method. The results (shown in Table 6.3) show that the novel 

technique gives higher accuracy in recognising the facial expressions. 
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Table  6.3 Comparison of Datcu & Rothkrantz’s method (2007) with the 
proposed method. 

 Datcu & Rothkrantz This work (RBF) 

 Still image Video Average 

Natural Not given Not given 89.03% 

Surprise 83.8% 88.67% 93.68% 

Sadness 82.79% 85.86% 92.81% 

Anger 75.86% 85.71% 78.93% 

Disgust 80.35% 82.14% 85.23% 

Happy 72.64% 79.62% 83.78% 

 

In this research, an exhaustive search is carried out to find the optimum parameters for 

use with the RBF kernel. Table 6.4 shows the results of the parameter searching using 

an RBF kernel. 

 

Table  6.4 Exhausted SVM parameters searching 
C 

σ  0.001 0.01 0.1 1 10 100 1000 

1 96.354 96.354 83.397 60.432 40.457 20.159 12.724 
10 99.714 96.354 87.397 61.437 40.457 20.159 12.724 

100 99.714 99.714 90.724 62.571 45.021 20.159 12.724 
1000 99.714 99.714 95.724 80.291 45.021 20.159 12.724 

10000 99.714 99.714 95.724 90.291 50.76 20.159 12.724 
100000 99.714 99.714 95.724 80.291 50.76 20.159 12.724 

 

Observing the above table, the SVMs will reach boundary of the best parameters at 

C=0.01. The graph presented in Figure 6.26 also shows the SVM parameter searching in 

three dimensions. It is clear that choosing parameters within the best parameter region 

will get better result, in this thesis, C=0.001 and σ = 1000 were selected. 
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Figure 6.3.3.1 SVM parameter searching 

6.6. Facial expression classification system - summary 

of findings 

In summary, SVM gives more accurate results when compared with ANN systems. This 

is because: 

 

• The solution to an SVM is global and unique, but ANN can be limited in local 

minima.  

• ANNs are computationally more complex compared with SVMs.  

• ANN is less prone to over-training when data is complex and ANN has difficulty 

distinguishing between image noise and important features of the image. 

• SVM maps data to a hyper-plane by kernel functions, and separates them. This 

means that SVMs converge faster than ANN.  
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Also, this research completed a significant amount of comparison of different kernels, 

and the results shows that the RBF kernel gives the best result compared with other 

kernels for facial features classification. 

 

6.7. Facial expression recognition – testing and results 

6.7.1. Still images and video sequence analysis 

The facial expression analysis algorithm developed in this research is able to analyse 

both still images and video sequences. The facial expression analysis of still images is 

relatively straightforward, but analysis of a video sequence is more difficult as it 

requires processing to be fast enough for real time processing.  

 

The frame rate of Logitech camera used in this research is up to 30 frames per second. 

As stated previously, the face detection algorithm used in this research takes about 9 

frames per second (compare with openCV face detection which takes about 12 frames 

per second). This means that the system developed is able to analyse facial expressions 

every 300 milliseconds as shown in Figure 6.27. The first row shows frame sequences 

and second shows the differences between the frames. 
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Figure 6.3.3.1 Video sequences analysis 

 

In order to increase accuracy and ensure that the strongest emotions are detected over 

a period of one second (about 300 milliseconds per frame) the following process was 

used. Starting from the first frame, each frame is compared with the next using image 

subtraction with the difference in the face region measured by summing the pixel 

difference. This way, the most distinguished frame in each second (and therefore the 

one likely to have the strongest facial expression) is chosen for facial expression 

analysis. The sample of frame sequences difference is shown in Figure 6.28. 
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Anger 

 

 

Surprise 

 

 

Sad 

 

 

Smile 

 

 

Figure 6.3.3.2 Frame difference on different facial expressions 
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6.7.2. Screen shots of real time facial expression analysis 

system 

Figures 6.29 through to Figure 6.33 are captured from the real time facial expression 

analysis system in operation. For the sake of clarity, the results of face detection have 

been removed. The face region image processing results are marked in green. The 

output of the system is shown on the right of the screen, with the blue bars showing 

the system’s certainty regarding each of the facial expressions. The maximum value 

corresponds to the system’s correct detection. 

 

Figure 6.3.3.1 Natural expression detected 
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Figure 6.3.3.2 Angry expression detected 

 

 

Figure 6.3.3.3 Sad expression detected 
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Figure 6.3.3.4 Smile expression detected 

 

 

Figure 6.3.3.5 Surprised expression detected 

6.7.3. Conclusion 

In this research a novel method for facial features extraction has been presented and 

compared with other existing image processing methods. The technique presented 
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achieves the stated goals successfully and is suitable for real time applications as it 

reduces the number of facial dimensions so that the process can be completed by a 

standard PC, and still accurately detects and recognises facial expressions using an SVM 

classifier.  
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Chapter 7. Discussions and Conclusions 

Overall, this research has achieved the stated goal of developing a system which can 

automatically detect and recognise human facial emotions in real time, and on a 

computer similar to those found in most homes in today’s society. In addition, the 

system can provide accurate results despite the large variations in human faces due to 

age, gender and ethnicity, and also variations in lighting conditions. 

 

Specifically, this research has introduced three key developments which have facilitated 

the creation of this system and added to the knowledge and techniques within the field 

of image processing. These three novel techniques are summarised below:  

I) Real-time face detection, this algorithm is also suitable for detection of 

other objects by replacing the averaged face image with a sample image. 

II) Facial feature enhancement and extraction. 

III) Facial expression detection and analysis.  

7.1. Real-time face detection 

Firstly, it has been demonstrated that the essential task of quick and accurate face 

detection can be significantly improved with a novel method developed in this research 

called Optimized Candidates using Similarity Measurement (OCSM) which combines 

the phase congruency algorithm and similarity measurements using FFT. In relation to 
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face detection, this research has improved current techniques by focusing on reducing 

the classifier’s computational requirements by more accurately determining which of 

the images do contain a face. An averaged face template is created from a large face 

database (including computer-generated faces if appropriate) and this is used as a basis 

for training an SVM. In addition, both the size and the orientation of the face template 

are varied within set parameters so that faces of a variety of sizes, and different 

orientations (which have been rotated any number of degrees) can be detected. The 

SVM training can be completed offline so does not add to the time or computational 

power required. 

 

This means that this system is considerably more accurate than previous methods, as it 

compares possible face candidates with an actual face (in the form of the averaged face 

template generated from the database), and therefore the number of potential face 

candidates’ indentified by the system and sent for further testing is significantly 

reduced. For example, in the Viola and Jones method (described in Chapter 2) potential 

faces candidates are compared only with a grey scale pattern which is considered to 

mimic the grey scale output of a human face. This leads to many face candidates which 

actually do not contain a face being sent to the second stage of processing, which 

results in the requirement for a considerable amount of time and computational power 

at this stage. Furthermore, as described in Chapter 4, neither Viola and Jones (2001), 

nor any other existing face detection methods reviewed during this research, could 
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detect, with acceptable accuracy, faces rotated beyond 10 degrees in either directions. 

This research has developed a technique which can accurately detect faces rotated to 

any degree, including completely upside down. Importantly, this is able to be 

completed in real time on a standard PC. This is a significant breakthrough as the 

technique can be easily modified to work with objects other than faces, meaning that it 

has the potential to be used in a wide range of applications.  

 

7.2. Facial feature enhancement and extraction 

The second major area of improvement introduced by this thesis is in relation to facial 

features enhancement and extraction which is achieved by combining a novel 

algorithm using normalized face images and the existing CLAHE technique. 

 

This task is made even more difficult when a system is required to function accurately 

in a variety of lighting conditions and with a wider range of ethnicities – as is the case 

with the NGITS (Sarrafzadeh et al. 2004). A number of algorithms used in this area were 

reviewed and tested, including algorithms for image noise removal, image smoothing, 

and feature enhancement. Some of the techniques are suitable for large sized images, 

some achieve good results when certain parameters can be adjusted manually for each 

image, and other techniques can be considered successful when the amount of 

computational power (and time taken) is not an important factor. However, all these 
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existing methods have limitations, which meant that they were not suitable for a real 

time facial expression analysis system. Therefore this research has developed a facial 

feature enhancement and extraction system which overcomes these difficulties, and 

can accurately identify and enhance facial features in real time and over a variety of 

skin colors and lighting conditions using a standard PC. 

 

As described in chapter 5, the system combines a number of techniques. A sigma filter 

carried out image smoothing and noise removal, and a morphing logic operation is 

used to estimate the main mass of the face region in order to make the adjustments 

required due to variations in lighting or skin color. Features are enhanced using a 

CLAHE (Zuiderveld 1994) algorithm, and an edge prevent smoothing algorithm is used 

to separate facial features from the skin of the face. Also as part of this stage, a key 

bottleneck in existing methods has been significantly reduced, as described in Chapter 

6. This bottleneck is the large number of feature dimensions which are created during 

the feature extraction and enhancement process and require an excessive amount of 

computational power to process. Using a combination of radon transformation and 

DCT this research has introduced a novel and efficient method for reducing the number 

of feature dimensions to a degree that the required calculations can now be 

undertaken in real time, with no significant loss in facial features – and using a standard 

PC.  
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7.3. Facial expression detection and analysis 

Finally this research included a detailed review of a variety of existing facial expression 

detection and analysis systems, focusing in particular on learning algorithms using 

SVMs and ANNs. This review concluded that the accuracy of both systems decreases 

significantly as the number of input feature dimensions (which is based on the 

complexity and the size of the image) increases.  

 

Results of testing confirmed that the facial expression and analysis technique 

developed in this research using the reduced number of extracted feature dimensions 

and “One against All” training technique using the RBF kernel with an SVM produced 

more accurate results than any other technique reviewed regardless of variations in 

the subjects’ age, gender or ethnicity, or differences in lighting conditions. 

 

This study has shown that machine learning abilities can be improved in two main ways. 

The first is by optimising feature extraction methods, which was the main research 

direction in this thesis, and the second is by improving the classification methods (ANN 

or SVM) which employ the extracted features.  
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7.4. Suggestions for future research  

In this dissertation, two different, but highly related, machine vision and machine 

learning techniques (face detection system and facial expression analysis) are discussed. 

In general, face detection rotation invariance and scale invariance are important factors 

for future consideration, and are likely to require continued focus and research for the 

foreseeable future. In facial expression analysis, more detailed image property analysis 

is required, as more face detailed feature enhancement algorithms are likely to be 

more conducive for accurate facial expression analysis. 

 

There are also some more specific research areas deserving of additional focus. Further 

research on face detection using SIFT method is also likely to be beneficial. Lowe (1999) 

presented a method called ‘SIFT’ for object matching in 1999, and updated  it in 2004 

(Lowe 2004) which has well defined properties and works very well for certain objects 

from certain viewpoints. However, it does not work well when dealing with different 

objects. This is because, in Lowe’s method, the first (and most crucial step) is to find 

out key-points, with similarity and making comparisons based on these key-points 

(known as a “point similarity measurement”). Unfortunately, in face detection such 

key-points do not exist, which means that “point similarity measurement” will not 

work. Despite this many researchers have tried to increase the tolerance of the SIFT 

algorithm to employ it for face detection. To improve Lowe’s algorithm, this research 

focused on matching small, well defined and selected regions – known as “region 
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similarity measurement”. These region similarity measurements can be calculated and 

located by convolution operations in the frequency domain (using FFT). Additionally, 

these small regions can be considered as rotation and scale invariant. This is a key area 

which this researcher believes could be improved significantly, and any improvements 

could result in significant advances in the broader image processing field. This 

researcher, believes that one possible way forward in this area is to use Euclid distance 

correlation coefficients to apply for fast classification of these regions, which will allow 

more accurate matching to be done by an SVM or ANN. 

 

Wavelet transform can be applied for image noise removal and this is also planned for 

in the future work. Multi-core processors are becoming more affordable with the 

advances in computer hardware. This system also can be running on multi-core PCs- 

e.g. one core for calculating FFT and another core for enhancing facial features. 

 

Further research should also be explored on applying the AAM (Cootes, Edwards, 

Taylor 1998) method to a face model for locating facial features. Currently this method 

cannot represent facial features very accurately, but if this problem could be solved, 

this method would be very effective as it has fewer facial features to represent. 

Furthermore, instead of using one facial model, this method can be improved by 

creating many different facial models. 
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Finally, this researcher also believes that there is potentially close connections between 

statistical regression analysis and ANNs, and that finding a way to combine these 

elements may allow machines to learn automatically in the same way that the human 

brain does. 
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