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ABSTRACTS 

Since its successful inception in early 1970s, facial animation has generated a 

lot of interest in fields including as virtual secretary in e-learning, as a representative 

in virtual meeting rooms, games industry, medicine and rehabilitation. Even though a 

lot of improvement has been achieved then, there are still challenges that need to be 

addressed. The innate ability of humans to detect any unrealistic expressions in facial 

animation and the complexities of the skin and muscle structures have presented a 

great challenge to both computer graphics and computer vision communities. 

A realistic facial animation will be a useful tool in speech therapy to help 

those that have speech impairments. In this thesis, we propose method to directly 

retrieve both facial movements and facial physique with the aid of motion capture 

cameras and a laser head scanner. An effective facial marker set was modeled for the 

motion capture cameras to faithfully retrieve the mouth movements from three 

volunteers. These data were combined with the head scanner data to produce a rapid 

facial animation tool. 
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CHAPTER ONE 

Introduction 

1.1 Motivation 

The primary motivation for this thesis is the development of a method for 

realistic facial animation that can be used in speech therapy for people with speech 

impairments. Verbal communication is essential to social interaction, thus a tool that 

will enhance this will be of a great benefit to those with some form of speech defects. 

A combination of speech technology, computer graphics/vision along with virtual 

environment techniques will be valuable in the development of an appropriate tool in 

speech therapy, which will aid in alleviating the unique problems (interpersonal 

communications) of those with speech impairments. 

Computer-aided devices for speech training and rehabilitation are available; 

however, as impairment is unique to each individual, the available device may not be 

suitable for all and at the same time meet individual needs. The devices also need to 

address the uniqueness of each disability, which depends on the cause of the disability 

(e.g. autism, multiple sclerosis) and the age of the patient, thus the available device 

may not be suitable for all. A computer based speech therapy tool will also be useful 

for the speech therapist who may have to deal with several patients with varying 

degrees of speech impairment. Furthermore, some people with speech impairment 
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have been found to be fascinated by computers [1], thus a computer-based speech 

therapy tool might increase the patient's motivation to go through the speech therapy 

session, and this can lead to improvement in therapy. There is also the need to 

incorporate the state of the art technology into such a system which makes the 

development of an effective speech therapy tool a most challenging and desirable 

undertaking. 

1.2 Problem Statement. 

Facial animation tool could be used effectively for human computer 

interactions, precisely as conversational agents for speech therapy applications. For 

example in CSLU Toolkit (Center for Spoken Language Understanding) Toolkit [2], 

'Baldi', the talking head interacts with users. It is also made transparent so as to 

reveal tongue movements during speech production sessions. Turk and Arslan[3] in 

their Software tools for Speech Therapy and Voice quality monitoring used a talking 

head as human computer interface to provide a highly interactive and user friendly 

environment for both patient and the therapist. Thus a computer-aided speech therapy 

tool like CSLU (Center for Spoken Language Understanding) Toolkit composes of a 

facial animation system and speech synthesis/analysis /recognition along with 

suitable software development tools. CSLU Toolkit was designed to support basic 

research, development and education activities related to spoken language systems 

and human-computer interfaces. An individualized speech therapy tool needs to be 

single-purpose and simple to use by the intended users, hence there is a need for an 
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alternate solution which is the main objective of this thesis. An effective speech 

therapy tool will require an automated, real-time, and realistic facial animation 

system that can be adapted to individual faces [4]. A realistic facial animation system 

will further enhance interpersonal communications by reducing the tedious job of 

reading texts since it enhances communication medium to verbal level on the 

computer system. Since the early 70's, after Parke's pioneer work [5] on the 

development of "Computer Generated Animation of Faces" also known as the 

"Talking Head\ a great deal of research effort has gone into producing a realistic 

facial animation system especially in the area of co-articulation, modeling and facial 

texture mapping. Parke used a parameterization technique to develop the "talking 

head". Since then, the challenge in this area has been to produce a convincing, 

realistic talking head, since the facial expressions and movements of a talking person 

are quite familiar to us, we can easily recognize any defects in the animated model 

Moreover, the problems of a realistic talking head are further complicated by the 

diversity of the human facial features which is due to the unique bone and muscle 

sizes represented in various individuals. In addition, a talking head that can be 

incorporated into speech therapy will require the animation of real lip movements for 

speech articulation. Motivated by these facts, our goal in this study is to produce a 

computationally efficient, fast and realistic facial animation system that can be 

employed in speech therapy applications. 
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1.3 Proposed Solution 

In this thesis, we propose to develop fast facial animation method that will 

exclude the tedious computations and complex algorithm which is associated with 

facial animation. We intend to use this facial animation for speech therapy 

applications in the future. We propose to use a combination of person -specific 3D 

model and data from motion capture camera to develop this facial animation method. 

The 3D model obtained from laser scanner will provide unique data with accurate 

facial physique, revealing all the details of the facial curves. In addition, the texture 

bitmap from the laser scanner is used for accurate texture mapping of the 3D model. 

Facial expressions and lip movements during speech are produced when the facial 

muscles which lie underneath the skin contract or relax. The complexity of 

contraction and relaxation of facial muscles requires the use of motion capture 

cameras to capture the subtle facial expressions created by facial muscles while the 

subject reads a predefined text. We intent to compile text, that incorporates the most 

common phonemes in English language. Thus, we propose to study the anatomy of 

the head especially the muscles, so that a facial marker set can be modeled in 

accordance to the location of these facial muscles, for effective capturing of the facial 

expressions and lip movements. We then investigate the effectiveness of this facial 

marker set model for animation of actors' faces. 

The combination of the laser scan data and the motion capture data is 

expected to produce realistic facial animation tool for speech therapy applications. 
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1.4 Thesis Contribution 

Facial expressions and speech movements are due to the contraction and 

relaxation of facial muscles, thus there is need to effectively capture the subtle 

movements of the facial muscles. Usually for motion capturing process, facial 

markers are placed at various locations on the face that reflects the locations of the 

underlying muscles so that the contraction and relaxation of the muscles can be 

captured. Having a facial marker set that will reflect the locations of all the facial 

muscles especially those around the mouth will be a step forward towards accurately 

retrieving the contraction and relaxation of the facial muscles, hence resulting in 

accurate facial animation. We defined a model for determining the locations of facial 

markers and evaluated its accuracy. First, we developed a 128 facial-marker model. 

However, due to the limited number of cameras available in the research laboratory, 

the processing of the data was tedious. The markers around eyelids and under eyelids 

swapped position in consecutive frames, a condition known as trajectory crossover. 

Then, the number of the markers was reduced to fifty-four. The fifty-four marker set 

was eventually used for motion capturing process. The motion capture data and laser 

scan data were combined to produce the facial animation tool. The main contributions 

of this thesis are: 

• The modeling of a fifty-four facial marker set which effectively reflects the 

contraction and relaxation of facial muscles, especially around the mouth area. 

The effectiveness of the model was demonstrated by combining the motion 

capture data and the head model data to produce facial animation. 
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• The modeling of one hundred and twenty-eight facial marker set. Due to the 

limited number of cameras available, we found that the accuracy of the one 

hundred and twenty-eight facial marker set could not be evaluated. However, with 

more cameras, we expect that this experiment can be carried out in the future. 

• Production of fast facial animation creation process by laser head scanner and 

motion capture cameras, which makes mathematical modelling of the talking 

head, a complex process, unnecessary. 

1.5 Organization of the thesis 

A brief introduction of the project is given in Chapter 1. Chapter 2 

summarizes various facial animation techniques found in the literature. The 

anatomical structure of the head is discussed in Chapter 3, while Chapter 4 presents 

the major components of facial animation process that was undertaken in this thesis 

The detailed process of facial scanning, motion capturing and the combination of 

these data in the development of the proposed facial animation system are also 

discussed in this chapter. Chapter 5 presents the results and Chapter 6 gives the 

conclusions and future work. 
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CHAPTER TWO 

2. FACIAL ANIMATION TECHNIQUES 

Numerous efforts have been made to improve on Parke's pioneer work [5] 

since he published his paper on facial animation in 1972. Its potential application as 

user interface in e-learning, as virtual secretary, as user assistance in web navigation 

has attracted a lot of attention from computer graphics and image processing 

communities [6]. In this chapter we will give a brief review of facial animation 

techniques existing in the literature. In general, facial modeling and animation 

techniques can be categorized as: 

1. Model-based or 

2. Image-based/sample-based 

3. Performance based or data driven 

In this chapter, we will review some of the approaches in these' categories and 

discuss their advantages and limitations. 

2.1 Model-based animation 

This involves geometric manipulation with focus on shape; a 3D polygon 

mesh is first generated and then a human or cartoon-like texture is mapped on to the 

3D mesh. Finally, the 3D structure is animated [7] [8]. This is accomplished by first 
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identifying a number of control parameters for the 3D structure. Then, a suitable 

technique is used to animate the face model. 

Range scanner, digitized probe and stereo disparity are capable of measuring 

the 3D coordinates; they can also be used for modeling 3D geometry of an individual 

face. The acquired data will require some post-processing so as to make it suitable for 

facial animation [9][10][11]. First, a prototype or generic animation mesh with all 

necessary structure and animation information is developed. The generic model is 

then fitted to the measured specific geometric mesh. Finally, a personalized animation 

model is created by fitting the generic model to the measured source (i.e. specific 

individual) geometric mesh. The transfer of texture is also facilitated by scanned face 

data along with the measured mesh. This is usually accomplished by using scattered 

data interpolation or radial basis function [12] [13]. 

The geometric manipulation techniques include: key-frame and geometric 

manipulation, parameterization, physics-based muscle modeling and free form 

deformation. 

2.1.1 Key-frame and geometric manipulation 

The key-frames (i.e. the major frames) of facial positions are stored in a 

database while the in-between frames of facial positions are realised by using 

appropriate interpolations. Typically, a linear, cosine or bilinear interpolation function 

is employed to generate the motion between the key-frames at extreme positions over 

normalized time intervals [14] [5]. The 2D or 3D positions of face mesh vertices are 

directly updated for animation purposes. Its main advantage being its fastness and 
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ease of generating primitive facial animation, however it is limited in creating wide 

range of realistic facial configuration thus making it difficult to produce a 

combination of independent face motions (i.e. facial expressions and head 

movements) .[4] 

2.1.2 Parameterization 

Due to the limitations of key-framing techniques, the parameterization 

technique was introduced by Parke in 1972. Typically, combinations of independent 

parameter values based on conformation (or structure) and the expression (or 

emotional) content of the face are defined for any possible modeling and animation of 

the face so that specific facial configuration can be explicitly controlled. For example, 

a facial feature like the mouth is shaped by specifying the lip opening height and the 

width of protrusion [5] [15]. 

Facial Action Coding System (FACS) is a system for representing facial 

expressions in terms of Action Units (AU), which comprises of one or more muscles, 

and their associated actuation levels i.e. the contraction and relaxation of these 

muscles. FACS was developed by Ekman and Friesen and it was introduced into 

facial animation systems to widen the range of facial expressions that could be 

simulated [16] 

A wide range of facial expression can be achieved with the combination of 

parameter values at a relatively reduced computational cost. However, conflicts 

between these parameter values usually result in unrealistic expressions or 

configuration. For this reason parametric models are usually employed for specific 
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facial regions. Finally, the model requires tedious manual tuning to achieve realistic 

facial animation [8]. 

2.1.3 Physics- Based Muscle modeling 

Physics based muscle modeling take into consideration the various properties, 

such as structure and behaviour (i.e. the movement or transformation) of the bone, the 

muscles and the various layers of the skin [17] [18][19]. In [20], the authors proposed 

to use the facial muscle and structure of the human face. They used the mass spring 

elastic laws based on Hooke's spring law (i.e. pertaining to elasticity) to model thirty 

eight regional muscles. Muscle forces propagate through the elastic spring mesh to 

deform the skin. In [21], the author modeled muscles as vectors with direction and 

magnitude in both two and three dimensions. The direction is referenced towards the 

origination of the muscle which is the point of the attachment; the magnitude is 

minimum (zero at the origin or point of attachment) and maximum at the insertion 

point. He used ellipsoid parameterization to model the sphincter muscles located 

around the mouth and successfully animated human expressions like fear, anger, 

surprise, disgust, joy and happiness. The model required trial and error manual 

positioning of the muscles which could result in undesirable effect if not properly 

adjusted. 

Waters and Terzopoulos [21] [22] modeled the face as layered spring meshes 

comprising of three layers of deformable mesh the skin, fatty tissue and muscles 

which originate from the bone to faithfully reflect the anatomical structure and 
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dynamics of the face. Each layer and node is connected by elastic elements. Facial 

animation was accomplished by the propagation of muscles forces through the elastic 

spring network of muscles and the skin. Facial animation result was a big success 

however the stimulation of volumetric deformation in a three dimensional lattice 

required extensive computations. Lee et al. improved on this model by incorporating 

the non linear visco-elastic property of the dermal layer to produce a model with 

greater accuracy [23]. In [24], the authors used the finite element networks to model 

the visco-elastic properties of the skin. Kahler et al. improved on Lee's muscle model 

by assigning ellipsoidal shape to each muscle segment and inserted muscles into 

simulated skin tissue [25][26]. The muscle geometry was defined by zone of 

influence and its deformation was accomplished purely by geometric manipulation. 

The main advantage of the model-based technique is its provision for greater 

flexibility in construction of head models in any given view, lighting conditions and 

deformation. However, it requires more computation due to the level of complexity of 

its models. Furthermore, its texture mapping is not real in other words, the appearance 

of the resulting facial animation is not realistic. 

2.1.4 Free Form Deformation 

In Free Form Deformation (FFD) an object is deformed indirectly by 

deforming the volumetric object that encloses it. The object to be deformed is 

embedded in a 3D cubic lattice which is defined as a Bezier volume, i.e. volume with 

a number of control points or vertices. As the control points or vertices of the lattice 

are being manipulated, the embedded object deforms along with it. Figure 2.1 
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illustrates the Free Form Deformation. The embedded spherical object is to be 

deformed, and the second figure shows the deformation. [27] 

m m • • Hi • 

Figure 2.1 Free Form Deformation.[4] 

The Extended FFD (EFFD) uses non-cubical lattice providing greater 

flexibility for object deformation.[28] Rational Free Form Deformation (RFFD) 

incorporated weight factors to each control point thus increasing the degree of 

freedom for shape deformation. Thus deformation is accomplished by changing the 

weight factors instead of control point positions. Kalra et al. utilized this method to 

simulate the facial muscle action on facial skin [29]. They defined the surface region 

that corresponds to the anatomical description of the muscle actions and 

parallelepiped {i.e. a 3D figure formed by six parallelograms) control volume on the 

region of interest. Facial muscle actions were stimulated by interactively displacing 

the control points by changing the weights associated with each control points. The 
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advantage of free form deformation approaches is that they provide a form of 

transition that is independent of the surface specifics [4]. 

2.2 Image-based or sample-based animation 

Image-based animation systems focus on texture and utilize image processing 

techniques for producing a photo realistic talking head [30][31][11]. Some 

transformations (rotation, scaling and translation) are applied to multiple-view model 

of the head so as to create a desired view. In this technique, to achieve facial 

animation, video images of facial parts are recorded and then rendered directly at 

image level. The system captures both the articulation of mouth and its transient 

complex behaviour in time. The appropriate model is obtained directly from the 

captured samples of data which comprises of both video and audio of an actor during 

performance (e.g. articulation of mouth while talking) [32][33][34]. The methods 

[6][35] for accomplishing this: 

1. Recording of a limited set of visemes (a viseme is a visual equivalent of a 

phoneme) , usually less than one hundred, as key image samples while the in-

between transitions are synthesized by employing image processing techniques. 

Ezzat et al. [36] used optical flow algorithm to automatically compute 

correspondence from every viseme to every other viseme. A smooth transition 

between the viseme images was generated by morphing along this corresponding. 

Morphing is the process of changing from one form of image to another until the 

desired form is realised. The model was improved on by utilising a variant of 
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Multidimensional Morphable Model (MMM) [31] to produce entirely different 

sentence based on what was learnt from the recorded image samples. The system 

also a trajectory synthesis module which synthesizes mouth trajectories with 

correct motion, smoothness, dynamics and co-articulation effects. Input streams 

of phonemes and their respective frame durations are mapped to a trajectory of 

MMM shape-appearance parameters. Finally this trajectory is fed into the MMM 

for the synthesis of the final visual stream that represent the talking face. 

2. Alternatively, all possible visemes are recorded and the required visemes are 

automatically retrieved from the large database of visemes for the synthesis of the 

required facial animation [37]. Video Rewrite used computer-vision technique for 

tracking points on the speaker's mouth in the training footage. These mouth 

gestures were then combined into the final video sequence by employing 

morphing techniques. 

3. For FIX: Feature-based Image Transformations [38] approach, used normal 2D 

images to created realistic personalized face animation. Facial features and their 

corresponding translations for each face activity were used to reduce the required 

data, which made scaling and the processing of the new character possible. 

Different visual effects (i.e. talking, various facial expressions and head 

movements) in a given image are created from the learned set of transformations. 

Image-based systems usually require a large database of 2D images, except 

the feature-based Image transformation approach which used minimum input data to 

create realistic images; however the output is a photo realistic talking head [6]. It is 
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not flexible for the generation of pose variations as this will require visemes of 

different poses to generate multi-view facial animations and a very large image 

corpus database. 

2.3 Performance-based or data-driven animation 

Performance based or data driven animation involves the recordings of motion 

capture data, or video sequences. The actors/actresses' speech movements are 

captured by motion capture and or video cameras. This was introduced in order to 

overcome the animation control problem such that the actor's action can be directly 

employed in the animation of the model by generating and transferring the motion 

data into the model [39]. This is usually accomplished by the following methods. 

2.3.1 Snakes 

A snake is an energy minimizing spline that deforms to fit local minima given 

the initial location. Snakes are used in tracking motion of facial features (like mouth, 

or eyes) in video sequences primarily based on color samples and edge detection [40]. 

Dynamic muscle parameters can also be estimated from snake state variables 

[22][23]. Main drawback of this approach is the accumulation of tracking error over 

large range of image sequences may result in a situation where the contour to be 

tracked is lost. 
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2.3.2 Optical flow tracking 

"Optical flow is a concept which approximates the motion of objects within a 

visual representation" [41]. Optical flow tracking is employed in tracking facial 

expression or for speech recognition from video sequences [39][42][11]. Usually 

coloured markers are glued on the actor's face while speaking or performing some 

expressions [39] [43]. Its limitations include high computational costs and its 

sensitivity to head movements. 

2.3.3 Motion Capture Systems 

Specialized cameras known as motion capture cameras are used to record the 

facial movements of actors or individuals while speaking or displaying various facial 

expressions. More accurate animation is achieved by this process [10] Types of 

motion capture systems include 

• Mechanical: 

A skeletal-structure gadgets known as exoskeleton is worn by the subject so that 

the body joints angles are directly tracked while he/she performs an act. 

• Electromagnetic (magnetic): 

The system uses electromagnetic waves to measure both the position and 

orientation of the subject within a tracking volume. 
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• Optical: 

Retro-reflective markers are attached to the subject's body at well defined 

positions while the system captures the movements of the markers as the 

subjects perform some acts. Some facial markers are also attached to the actor's 

face while performing. 

2.4 Evaluation of facial animation techniques 

Table 2.1 shows the comparison of both Model-based and Image-based facial 

animation techniques in tabular form. 

Characteristics 

Automatism 

Flexibility 

Realism 

Model-based 

High 

High 

Medium 

Image based 

Low 

Low 

high 

Table 2.1 Evaluation of facial animation techniques 

Automatism reflects model creation and synthesis of animation. Flexibility 

encompasses characteristics such as synthesis speed, face model rendering from 

arbitrary views and user defined texture. Finally realism reflects its closeness to real 

human face [6]. 
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Other systems are of hybrid nature [38]. They combine both model based and 

image-based techniques to improve on the limitations of each technique while 

combining their advantages to generate realistic face animation with increased 

flexibility. As suggested by Noh and Neumann, a perfect facial animation must be 

automated, real-time, realistic and adaptable to individual faces [4]. 

2.5 The proposed method 

Considering the complexity of facial muscles contraction and relaxation 

beneath the skin layer, direct capturing of such movements can produce more 

accurate facial expressions lip movements during speech. With the uniqueness of 

individual facial physique, a person-specific model has the ability to produce a more 

real head model taking into consideration the specific facial features. In view of these 

reasons, we propose to use a laser scanner for person-specific model along with 

motion capture data to produce a computationally efficient and realistic facial 

animation. In order to capture comprehensive facial expressions, we ask the subject 

to read out a text that includes the forty-four phonemes in English language. Facial 

motion capturing will require an effective facial marker set to reflect the location of 

the facial muscle, so that the movements can be captured while the subjects are 

reading the text aloud. Steps to accomplish this goal include the following: 

1.Develop a model of an effective facial marker set. 

2.Compile a text that will incorporate the forty-four major English phonemes. 

3.Perform laser scanning of the subjects' faces 
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4.Use six motion capture cameras to capture facial expressions for the three 

subjects (two females and a male) as they read aloud the compiled 

paragraph of sentences. 

5.Simultaneously use video camera to record the facial motion capture process. 

6. Analyze the data from the motion capture cameras, the facial scanner and 

combine the two data together for facial animation. 

7. Compare the resulting facial animation with the original video. 
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CHAPTER THREE 

3. The Anatomy of the Head 

Facial expression and lip movements during speech are due to the relaxation 

and contraction of muscles. A sound understanding of the anatomy of the head and 

the mechanism of the skull, muscles and skin is required to be able to produce facial 

animation. Since the facial marker set is to be modeled according to the location of 

the muscles, we will give a brief review of the anatomy of the head in this chapter. 

Basically, the head comprises of the skull, skin and the muscles which lie between the 

skull and the skin. Muscles are known to originate from the skull (i.e. firmly 

attached to the skull) and insert into the skin. Therefore, for physics-based animation, 

the skull edge of the muscle is fixed while the skin edge is deformed (shortened or 

lengthened) depending on the contraction of the muscles [44]. 

3.1 Skull 

The skull comprises of various sized 28 bones [45] [46] jigsaw together but 

generally assumed as comprising of three main skeletons. This is illustrated in Figure 

3.1 The three main skeletons are: 

• Cranium: Domed shaped, rigid top that encloses the brain and its 

membranes. 
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Facial Skeleton: This is attached to the front part of the cranium's base. It 

comprises of the nasal bone, upper jaw (also known as the maxilla) and 

others. 

Movable Mandible (also known as lower jaw): The lower jaw is attached 

to the rear side of the cranium's base [45] [46]. 

Cranium 

Facial _ 3 
skeleton 

.Mandible 

Figure 3.1 The basic anatomy of the skull [45] 

3.2 Skin 

Figure 3.2 shows the cross-section of the skin. The skin comprises of two 

main layers which are 

• Epidermis: Comprises of dead cells and it is as thick as a tenth of dermis 

layer's thickness. It is the outside layer of the skin. 

• Dermis: It has three types of tissues which are elastin, collagen and reticular 

fibers. Elastin fibers constitute 4% of dry weight of the dermal tissue and have 

elastic properties. While cllagen fibers constitute 70% of dry weight of the 

dermal tissue is made up of tough insoluble protein. [47] 
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Beneath the epidermis and dermis layers are the subcutaneous fat layer (also known 

as the hypodermis layer) and the connective layers which comprises of larger blood 

vessels and nerves. 

CROSS SECTION OF SKIN 

pores hair shaft 

skin surface 
sweat pore 

capillaries 

piio erectile muscte 

sweat gland \§sfp 

venule 

arteriole 

epidermis 

dermis or 
sebaceous true skin 
gland 

subcutaneous 
•' tissue 

connective tissue 
adipose tissue nerve ending 
(fat) 

matrix 

Figure 3.2 Skin layers [48] 

The biomechanical properties of the skin is mainly influenced by the dermal 

layer due to the viscoelastic behaviour of the both the elastin and collagen fibers. 

From the strain/stress curve of Fig.3.3, at low stress, the collagen fibers uncoil in the 

direction of the strain with low resistance to stretch, however at higher stress, the 

collagen fibers are fully uncoiled presenting a higher resistance to stretch. This 

produces an approximate biphasic stress-strain curve [49]. At zero load the elastin 

fibers with its elastic properties return the collagen fibers to their original coiled 

condition [22] [50]. Thus with these observed properties, the skin is concluded as 
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being anisotropic with non linear stress/strain properties and it displays viscoelastic 

properties or time-dependent behaviour. [23] [44] 

Strain 

Biph.isk 
Approximation 

Stress 

Figure 3.3 Strain/ Stress curve of dermal layer [22] 

3.3 Muscles 

As mentioned earlier on muscle layers lie between the bone structure and the 

skin. Facial muscles comprise of cylindrical shaped muscle fibers or cells; about 

15cm by 10-100um in size. Each muscle fiber is made up of a thread-like myofibrils 

(1-2 urn wide), which in turn comprises of sarcomeres , the basic functional units with 

the cell. The fibers are connected together by connective tissues which link to nerves 
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and blood tissues as shown in Figure.3.4.[45][46] Facial muscles are classified into 

two groups: muscles of mastication and muscles of expression according to their 

functions either for mastication or expressions, while some muscles are involved in 

both functions. Muscles of mastication are responsible for chewing, and grinding of 

food while muscles of expression are involved in verbal and non-verbal 

communications. Muscles originate from (that is firmly attached to) the bone 

structure and insert into the skin [51]. Thus, when muscles contract the bone edge of 

the muscle is fixed or static while the skin edge moves depending on the type of the 

muscles. Facial muscle types include rectangular, triangular, sheet, linear and 

sphincter [17] [21] [18] 

whole muscle 
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Figure 3.4 Muscles structure [52] 

3.4. Muscles of mastication 
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Muscles of mastication include 

• The Masseter which originates from the Zygomatic arch and 

inserts in to the mandible. 

• Temporalis, originates from the temporal bone and inserts in to 

the mandible. 

Both muscles are used for biting and closing of the jaw [45][46]. Figure 3.5 shows the 

front view while Figure 3.6 shows the side view of facial muscles. 
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Figure 3.5 Front view of facial muscles [53] 
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Figure 3.6 The side view of facial muscles. [53] 
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3.5 Muscles of facial expression 

Facial expression muscles are categorized according to their region of 

influence as shown in Figure 3.5. and Figure 3.6 into scalp, neck, mouth, nose, 

eyelid and muscles of mastication, 

i) Scalp: The frontalis and the occipitalis combines together as occipitofrontal. 

It originates from the occipital and inserts in to the eyebrow tissues involved 

in raising eyebrows and the horizontal forehead wrinkles. [54] [ 55] 

ii) Mouth: For this we have oribicularis oris which encircles the mouth with no 

bone attachment. This lies between the skin and the lip mucous membrane and 

aids in the closure and puckering of the lip. 

• Buccinator originates from maxillae and inserts into the skin of the sides 

of mouth; it lies in cheek walls and aids in chewing by holding food in 

contact with teeth and facilitates smiling 

• Zygomaticus major and Zygomaticus minor originate from the zygomatic 

bone and inserts into the mouth corners; it is used for laughing by 

elevating the angle of the mouth. Also used for laughing is the risoris 

which pulls the mouth corner backward horizontally; it originates from the 

fascia of masseter muscle. 

• The levator anguli oris inserts into to the oribicularis oris at the mouth's 

corner and is responsible for raising the upper corner of the lips. 

• Mentalis pulls the chin down, originating from just below the teeth and 

inserts into the chin ball skin. [ 55] 
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iii) Eyelid: The oribicularis oculi encircles the eyelid and comprises of the thick 

pars orbitalis which runs around the oribit and the pars palpebralis which lies 

beneath the upper and the lower eyelids. [54][46]. 

iv) Neck: Platysma originates from the fascia of pectoral and deltoid regions and 

inserts in to the mandible and several muscles. It is responsible for the 

lowering of the lower jaw, lip and the movement around the neck. [56][45] 

v) Nose: Nasalis has two parts known as the Compressor naris and Dilator naris. 

Compressor naris originates from the upper jaw near the canine tooth and 

inserts into the nasal cartilage on the nose bridge while the Dilator naris 

originates from the upper jaw and nose cartilage and inserts into the nostril 

skin. 

The technique for anatomical based models also known as the physics based 

models is discussed in appendix A while its derived associated mathematical models 

for facial animation is discussed in appendix. B 

Understanding of the anatomy of the head, especially the knowledge about the 

location of facial muscles is essential for the modeling of facial marker set. In the 

next chapter, we will describe the various steps that we followed in the development 

of the proposed facial animation tool. 
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CHAPTER FOUR 

4 FACIAL ANIMATION PROCESS 

Our facial animation process was accomplished by incorprating the 

anatomical structure of the face. As mentioned earlier, the anatomical head comprises 

of the skull, 

Modeling 

i 
r 

Rigging 

i ' 

Skinning 

^ ' 

Animation 

i ' 

Rendering 

Figure 4.1 Facial animation process. 
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bones, muscles and the skin. Based on this structure, the procedure we used for the 

development of the facial animation tool includes the following stages: modeling, 

rigging, skinning, animation, and rendering as illustrated in Figure 4.1. The objective 

of modeling process is to produce the shape of the skull. During the rigging process 

we attempted to form the muscles on the skull and finally we placed the skin on as the 

top layer. The detailed process of accomplishing this is presented in the following 

discussions. 

4.1 Modeling 

The initial stage in facial animation is the modeling of the head to reflect the 

general structure of the head with all the facial features (that is the eyes, mouth, nose, 

eyelids and eyebrows.). The base layer of the head anatomy is the skull; in technical 

terms this should be the polygon mesh. The head model is a person-specific 3D 

model developed for each actor. In this study we used three volunteers: two females 

and a male. Cyberware 3030 Color Scanhead is employed to scan the volunteers' 

faces. 

Cyberware 3030 Color ScanHead comprises of a low-intensity laser light 

source, aluminized, dielectric-coated first-surface minor assembly, CMOS sensing 

optics and color sensors and supporting electronics. Figure 4.2 shows a photo of the 

Cyberware 3030 Color ScanHead. 
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Figure 4.2 Cyberware Head and Face Scanner. 

During the scanning process, lighted profiles are created as low-intensity laser 

and shone on the subject as shown in Figure 4.3. These profiles are captured by the 

video sensors which are then digitized by the system to produce the complete shape 

of the head of the subject while the color sensors register the RGB color information. 

These data are processed by the attached graphics workstation to produce the range 

and texture data. The whole process takes 16 seconds for each scan. The output data 

is further processed to remove noise and it is then smoothed and converted into a 

suitable format (object files). The head scanner has workstation attached to it to 

process these data. These routines are capable of removing noise, smoothing the 

polygon mesh and capable of converting the mesh to a suitable format. The choice of 

object files was due to its popularity among many graphics software. For each 

volunteer, six different poses (neutral, happy, angry, sad, smile and surprised) are 

scanned. Each subject had to maintain these poses in turn for the entire scanning 
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period. Figure 4.3 shows a volunteer during the scanning process for smile pose. The 

scanned data (i.e. the polygon mesh and the texture bitmap) were imported into 3DS 

MAX software for further processing. 

Figure 4.3 Facial scanning process. 

3DS MAX is a computer graphics tool for modeling, animation and rendering. 

The process of using 3DS MAX involves the following stages: 
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• First, the 3D head model (i.e. the scanned data) is imported 

• The Optimize Modifier routine of 3DS MAX was then applied to the high 

polygon 3D head model to reduce the number of faces and vertices to ten percent 

(10%) of the original polygon mesh in order to simplify the geometry of the head 

model and speed up the rendering process while maintaining an acceptable 

texture. The texture of the reduced polygon mesh is still comparable with the 

original texture of the polygon mesh. A low polygon model is especially 

desirable for animation since the model has little geometry which can be animated 

in real-time. 

• With the Material Editor, the texture bitmap file was imported on to the scene and 

applied to the head model. Material Editor is an interface within the 3DS MAX 

for defining, creating and applying texture to the model 

Figure 4.4 shows the screen shot of the reduced imported 3D model with the texture 

applied. 
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Figure 4.4 The polygon mesh and texture. 

4.2 Rigging. 

The next stage is the skeleton rigging during which the facial bones/muscles 

were created. Figure 4.5 shows a rigged face. As mentioned previously, the 

contraction and relaxation of facial muscles produces facial expressions and speech 

movements. Altogether twenty six bones were created in the following areas: 

• Sixteen bones around the mouth to mimic the orbicularis oris muscles for the 

movements of the mouth. 

• Four bones at the eyebrow to mimic oculi. Orbitalis and depressor supercilii 

muscles. 
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• Four bones at the cheek to mimic zygomaticus major and minor muscles. 

• Two bones at the chin to mimic the depressor labii inferioris muscles. 

• Finally two bones around the nose area to mimic the levator labii superioris 

muscles. 

Figure 4.5 The polygon mesh and character rigging 

4.3 Skinning 

Anatomically, the skin movement is as a result of facial expressions and 

speech movements which are mainly due to the contraction/relaxation of facial 

muscles. Similarly, the head polygon mesh is deformed to produce facial expression 

and speech movements in accordance to the rotation and position of the muscle 

objects. Thus during this process, the movements of the muscles within the head 
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mesh is defined in such a way that the mesh moves as the muscles relax/contract. The 

head mesh is connected to the muscles and it is allowed to deform as the muscles are 

animated. The Skin Modifier, a routine in 3DS MAX, attempts to associate (i.e. bind) 

the vertices of the head mesh to one or more muscles so that the facial expression is 

controlled by the contraction/relaxation of the muscles. The muscles are arranged in a 

hierarchy depending on their area of influence. 

4.4 Animation 

Developing a realistic facial animation is a challenging problem. This is due 

to the fact that facial physique is unique to each person and depends on the muscles 

size and bones, gender, race and age. Nevertheless, the advent of motion capture 

camera, which is capable of retrieving subtle facial expressions have attracted the 

attention of many in computer graphics community for solving this problem[43][10] 

. In order to produce realistic facial animation, we have to emulate real-life motion by 

simulating muscles contraction/relaxation. This is accomplished by using the motion 

capture cameras to capture the actual physical movements of the facial muscles 

while the subject speaks. The motion capture data is then translated into computer 

usable form. In our study, we had access to six Vicon Motion Capture cameras for 

capturing the facial expressions and speech movements of the subjects while they 

were reading aloud a given text that contained the major phonemes in English 

language. 
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4.4.1 Vicon Motion Capture Camera. 

As shown in Figure 4.6 the Vicon Motion Capture Camera uses surface-mount 

near infra-red Light Emitting Diodes (LEDs). Motion capture cameras are capable of 

capturing full body (i.e the whole person) as well as any part of the body. In this 

study, we are using the motion capture cameras to capture the facial expressions and 

speech (lips) movements only. Accurate capture of subtle facial expressions requires 

high resolution in order to capture subtle movements of facial features such as lips, 

eyelids, and eyes. The capture volume (i.e. the area to be captured by the cameras) 

and the size of the facial markers to be used on the subject should be small compared 

to the full body capture so that the facial expressions can be captured accurately. 

Figure 4.6: Vicon motion capture cameras [60] 
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4.4.2 Facial markers models 

Initially, we used the 30 facial marker set along with 4mm retro-reflective 

markers for seven volunteers as shown in Figure 4.7. The 30 facial marker set has 

only seven markers around the mouth for detecting the orbicularis oris muscle 

movements, only two markers for the chin and some few markers around the cheek. 

As shown in Figure 4.7, the 30 marker set is not a truthful representation of the facial 

muscles and thus did not faithfully capture the subtle facial expressions, so a 128 

facial marker set of Figure 4.8 was modeled for improved capturing of the facial 

expressions and lip movements. 

Figure 4.7 Thirty facial marker set model. 
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Figure 4.8 One-hundred twenty-eight facial marker set model. 
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The modeling of the facial marker set involves the creation of a 

musculoskeletal model; an XML file which contains the musculoskeletal model of the 

human head. The model comprises of chains of segments (that is bones), markers that 

reflect the location of facial muscles and "sticks" for joining the markers together. 

This is illustrated in Figures 4.9 and Figure. 4.11. 

Figure 4.9 One-hundred twenty-eight facial marker set with segments 
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Figure 4.10 Fifty-four facial marker set model. 
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The segments were first defined to reflect the head (root segment), upper 

mouth, mid-mouth, jaw, cheek, forehead, chin, moustache, eyebrow and eyelid. 

Attached to these segments were the markers and finally the markers were joined 

together by "sticks". We tried the animation using 128 facial-marker set model, but 

the post-processing of the motion capture data for this set was tedious as the number 

of the motion capture cameras used was not sufficient to accurately capture the subtle 

movements of the dense markers on the face. Due to the density of the markers, the 

system could not accurately trace the trajectories of each marker for the number of the 

available frames. There was the problem of trajectory crossovers around the eyelids 

and the bottom of the eyes, a situation that occurred when the system swapped 

markers for difference frames. An increased number of motion capture camera, say 

ten, would be able to capture the locations of these markers accurately and thus could 

prevent the problem of trajectory crossovers. Therefore, we decided to reduce the 

number of the facial markers to fifty-four to accommodate the six motion capture 

cameras available in the research laboratory. A fifty-four facial-marker set as shown 

in Figure 4.10 was modeled to reflect the major facial muscles {orbicularis oris, 

zygomatic major, zygomaticus minor etc) and the motion capture data obtained for 

three subjects. These data were post-processed and used for facial animation. 

Table 3.1 compares the three facial marker set model. For the thirty facial 

marker set model, epicranial aponeutosis, teporoparietalis, risorius, levator anguli 

oris,depressor labii inferioris, mentalis, oculi,p,palpebalis, palpebral ligament, 

depressor supercilii, procerus, labii. sup. alaequsi nasi and masseter muscles are not 

represented. For fifty-four facial marker set model, frontalis, epicranial aponeutosis, 
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teporoparietalis, oculi,p,palpebalis, palpebral ligament, depressor supercilii are not 

represented. These are fewer than the thirty facial marker set model. All of the facial 

muscles are represented in the one hundred and twenty- eight facial marker set model. 
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Facial muscles 

frontalis 

Epicranial aponeurosis 

teporoparietalis 

Orbicualris oris 

Zygomaticus major 

Zygomaticus minor 

risorius 

Levator anguli oris 

triangularis 

Depressor labii inferioris 

mentalis 

o.oculi. p.orbitalis 

Oculi,p palpebalis 

Palpebral ligament 

Depressor supercilii 

Corrugator supercilii 

procerus 

nasalis 

Levator labii superioris 

Labii.sup.alaeque nasi 

masseter 

temporalis 

Thirty facial marker set 

(number of markers) 

4 

0 

0 

7 

4 

2 

0 

0 

2 

0 

0 

4 

0 

0 

0 

2 

0 

1 

2 

0 

0 

2 

Fifty-four facial marker set 

(number of markers) 

0 

0 

0 

11 

4 

4 

4 

2 

4 

4 

4 

2 

0 

0 

0 

2 

1 

2 

2 

2 

4 

2 

One hundred and 

twenty eight facial 

marker set 

(number of markers) 

8 

2 

4 

22 

8 

4 

4 

4 

8 

4 

6 

14 

8 

2 

2 

6 

1 

2 

4 

4 

5 

6 

Table 41 Comparison of the facial marker sets 
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Figure 4.11 Fifty-four facial marker set model with segments 
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4.4.3 Compilation of text 

There are forty-four major phonemes in English language which comprises of 

twenty vowels and twenty- four consonants. The text that we used for this study was 

compiled from the International Phonetic Alphabet which is shown in Table 4.1. The 

text incorporated all the forty-four major English phonemes. 

vowels 
IPA 

A 

a: 
ae 
0 

e 
X 

i 

D 

o: 
<J 

u: 
ai 
au 

OO DO 

ea 
ei 
10 

31 

U3 

ASCII 
A 

a: 
@ 

e 
e: 
i 
i: 
0 

o: 
u 
u: 
ai 
au 
Ou 
e.. 
ei 
!.. 
oi 
u.. 

examples 
cup, luck 
arm, father 
cat, black 
away, cinema 
met, bed 
turn, learn 
h|t, s|tt|ng 
see. heat 
hot, rock 
call, four 
put, could 
blue, food 
five, eye 
now, out 
go, home 
where, air 
say, eight 
near, here 
boy, join 
pure, tourist 

consonants 
IPA 

b 
d 
f 
g 
h 
j 
k 
1 

m 
n 
n 

P 
r 
s 
J 
t 
tj 
e 
a 
V 

w 
z 

3 
d3 

ASCII 
b 
d 
f 
g 
h 
j 
k 
1 
m 
n 

""" N 

P 
r 
s 

"s 
t 
ts 
th 
TH 

V 

w 
z 
Z 
dZ 

examples 
bad, lab 
did, lady 
ffod" if 
give, flag 
how, hello 
yes, yellow 
cat, back 
leg, iittje 
man. lemon 
no, ten 
sing, finger 
get, mag 
red, try 
sun, miss 
she, crash 
tea, getting 
check, cburch 
think, both 
this, mother 
voice, five 
wet, window 
zoo, lazy 
pleasure, vision 
just, large 

Table 4.2 International Phonetic Alphabet [57] 

The text used for the motion capture session was: 

"Little black tourist met Lady Yellow getting out of bed; hello Miss Rock, he 

said to the girl. Could you please check this large vision cinema? Call the man at 

five past eight, neither give him ten pieces nor let him touch the map with his 
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fingers. Turn left if you crash near the blue window at the zoo. Father, try not to 

hit the cat with both hands. Could you please heat up the red cup and then join 

the air balloon class in the lab. Do go home when you are done." 

4.4.4 Motion capturing session 

The motion capture session included the following steps: 

• The cameras were arranged in a semicircle of radius 1.5m around the subject 

as shown in Figure 4.13. This ensured that the slightest movements of the 

markers are captured. The cameras were arranged such that the heights of 

three of the cameras were set to view the subject's face from above while the 

other three were set to view slightly below the horizontal mid line of the 

subject's face as shown in Figures. 4.12 and 4.13. 

Figure 4.12 Set-up of motion capture cameras for facial capture [58] 
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Figure 4.13 The positions of the six cameras.[58] 

• The cameras were first focussed. Then the capture volume was cleared of any 

reflective object for accurate capturing. 
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• The system was then calibrated dynamically and statically. The dynamic 

calibration enables the system to define the capture volume and the relative 

positions and orientations of the cameras. The gathered information during 

this process was later used in the reconstruction of the markers, i.e. in the 

creation of the 3D motion of the markers. The static calibration was required 

for setting the origin and the direction of the axes. 

• Facial markers were then attached to the subject's face, and the following 

routines were carried out 

o Range of Motion - This involves the exaggerated performance of the 

subject for all possible facial expression (anger, smile, happy etc). 

o Auto-labelling of the markers and the calibration of the subject. 

o Then each subject's facial expression and speech movements were 

captured as they read the text aloud. 

The motion capture session was also recorded by a video camera. The audio part of 

the video clip was extracted and combined with the processed facial data. Figures 

4.14 and 4.15 show a typical set up for a facial capture session whereas Figure 4.16 

shows a volunteer with fifty-four facial markers placed on his face. 
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Figure 4.14 Facial capture session I 

Figure 4.15 Facial capture session II 
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Figure 4.16 Fifty- four (54) facial marker set 

The motion capture data were processed and exported to MotionBuilder 

Software for further processing. The skinned and rigged polygon mesh was also 

exported to MotionBuilder software, a character animation software. The motion 

captured data and the model were combined together for facial animation. In 

MotionBuilder the motion capture data was first mapped into an Actor face assets, 

then generic expressions were defined in the character face settings. As shown in 

Figure. 4.17, this was then used to animate the face model. 
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Character Face 
facial optical Actor Face with Generic 

data expressions 

Figure 4.17 Facial animation with motion capture data workflow [59] 

The process of producing the facial animation in the MotionBuilder involves 

the following steps: 

• The motion capture data (.c3d file) was imported into the MotionBuilder. 

• The Actor face was dragged on to the scene. 

• A face reference was created with the markers on the right temple, left temple and 

the central head. 

• A set of markers (known as marker set) were defined for specific locations of the 

head as follows: 

1. right outer eyebrow 

2. right inner eyebrow 

3. left outer eyebrow 

4. left inner eyebrow 

5. right cheek 

6. left cheek 
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7. right nostril 

8. left nostril 

9. right mouth 

10. left mouth 

11. upper mouth 

12. lower mouth 

13. chin 

This is illustrated in Figure 4.18. This marker set was used to connect the 

optical data to the Actor face. The motion capture data was then plotted on to the 

Actor face. 

Figure 4.18 The marker set. 

• The Head model was then imported and the Character face was set as follows: 
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O The Character Face was added on to the scene. 

O Cluster groups of bones were created for the mouth, left eyebrow, right 

eyebrow, nostrils, right cheek and the left cheek. 

O With these cluster groups, shapes were created for the 

• Mouth (open, whistle, left corner up, right corner up, left corner 

up, right corner down and square shapes). 

• Right eyebrow (up and down shapes). 

• Left eyebrow (up and down shapes) 

• Right cheek (up and out shapes). 

• Left cheek (up and out shapes). 

• Nostrils (left up and right up shapes). 

O These shapes were then linked to the generic expressions. 

Figure 4.19 illustrates the linking of the bones to the marker set. Bones were linked 

to the right outer eyebrow, right inner eyebrow, left outer eyebrow, left inner 

eyebrow, right cheek, left cheek, left cheek, right nostril, right mouth, left mouth, 

upper mouth, lower mouth and the chin. Same pattern as for the marker set of the 

Actor face. The Character face will then receive the motion capture data from the 

Actor face and combines it with the defined expression to animate the head model. 
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Figure 4.19 Bones/marker set linking 

4.5 Rendering 

The final step is rendering, during this stage the model, textures, lighting and 

animations are combined together into final sequence of images. The pixels for the 

diverse colors are created to form a complete image. For better results, the files were 

first processed as sequence of image files. Eight hundred and seventy five (875), eight 

hundred and nineteen (819) and seven hundred and seven (707) frames of images 

(.tiff files) were produced for the three volunteers. Furthermore these were combined 
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together along with the extracted audio for the production of a movie clip with the aid 

of Adobe Premiere, a video and film editing and creating application software as 

explained below: 

• Imported the frames of still images, audio files into the Adobe Premiere 

application software. 

• The recorded video was also imported into the Adobe Premiere. 

• These files were assembled in the program sequence interface of the software 

application. 

• The combined output program sequence was rendered and save as (.avi files) 

• These movies were also compared with the original video by assembling the still 

images and the recorded video in the program sequence 

4.6 Remarks 

In this chapter, we described our approach based on the head anatomy for 

facial animation. This approach requires 3D head model to reflect the skull, rigging 

process to fix in the muscles, and skinning process to add skin to the head model. 

During animation process the issue of relaxation and contraction of the muscles is 

addressed. The final rendering process combines the images, lighting and animation 

together for the production of the movies. 

We used Head Scanner to acquire person-specific 3D head model. The faces 

of three volunteers were scanned. The resulting data were further processed to 

remove noise. The resulting files of polygon mesh and texture were exported to 3DS 
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MAX, a computer application software. First, the polygon mesh was reduced to 10% 

of its original size. The texture was then applied using the Material Editor. 

The next step is the creation of bone objects to mimic the muscles, then these 

bones were attached to the skin, so that the skin could move as the muscles "contracts 

and relaxes". The motion capture data was then used to animate the bones. The 

resulting head model with muscles, and texture was imported to MotionBuilder so 

that the animation data from the motion capture cameras could be combined for 

animation of the face. 

Animation data were acquired by using motion capture cameras to retrieve 

facial expression volunteers, while they read a paragraph of sentences which 

comprises of the forty-four major phonemes in English. Motion capturing requires 

facial marker set to reflect the location of the facial muscles. I modeled a hundred 

and twenty-eight and fifty-four facial marker set for this purpose and evaluated the 

accuracy of the fifty-four facial marker set. The fifty-four facial marker set model was 

used for capturing the facial expressions and lip movements of the subjects while they 

were reading the paragraph of sentences. A video recording of the motion capture 

session was done simultaneously. The data was analysed and exported to 

MotionBuider. 

The motion capture data file and the polygon mesh were imported to 

MotionBuilder. The motion capture data was transferred to Actor Face. This is 

connected to the Character Face which defines the generic expressions on the 3D 

model so as to animate the model. 
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Finally the model, texture, animation and lighting were combined together to 

produce frames of still images. These were exported to Adobe Premiere along with 

the data from the video recorder for editing and final movie. The video recording 

made during motion capturing process was also combined together so that a 

comparison could be made between the original video and the processed movie (i.e, 

the final facial animation). In the next chapter, we will discuss our facial animation 

results. 
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CHAPTER FIVE 

5. RESULTS AND EVALUATION 

In chapter 4, we described our approach for facial animation by using the 

modeling, rigging, skinning, animation and rendering processes. In this chapter we 

will discuss our results and address the problems encountered during this study and 

solutions to some of these problems. 

5.1 RESULTS 

The results for modeling, rigging, skinning, animations and rendering 

processes are presented below: 

• Modeling- Figures 5.1, 5.2 and 5.3 show the raw scanned data while Figures 5.4, 

5.5 and 5.5 show the processed scanned data. Comparing these set of figures, one 

can see the noise in the raw scanned data. After processing the resulting scanned 

data are a lot clearer and smoother than the raw scanned data. 
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Figure 5.1 Raw scanned data I 
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Figure 5.2 Raw scanned data II 
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Figure 5.4 The processed scanned data I 
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Figure 5.5 The processed scanned data II 
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Figure 5.6 The processed scanned data III. 
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The major problem we encountered was the scanning of the hair especially 

with the female volunteers which introduces excessive noise. To overcome this, 

the hair was neatly packed and in some cases the process of scanning the face was 

repeated. 

Rigging : Figures 5.7 shows the reduced polygons with the attached bones to act 

as muscles. These are located around the mouth area to mimic the relaxation and 

contraction of the orbicularis oris muscle, around the cheek to mimic the 

relaxation and contraction of the zygomaticus major and minor muscles and 

around the eyebrow to mimic the relaxation and contractions of the orbicularis 

oculi muscles. 
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Figure 5.7 The rigged polygon mesh 
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Skinning: Figure 5.8 shows the skinned polygon with envelopes that defines the 

area of influence of the eyebrow. The movements of the bone at the eyebrow 

locations also affect its area of influence. 
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Figure 5.8 The skinned polygon with eyebrow envelope 
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Animation: Figures 5.9 and 5.12 show the exported motion capture data. The 

markers are shown as crosses on the screen for each animation frame. 

Frame 1 Frame 40 Frame 80 

Frame 120 Frame 140 Frame 160 

Frame 180 Frame 200 Frame 230 

Figure 5.9 Selected frames for thirty facial marker set model I 

69 



Frame 260 Frame 300 Frame 350 

Frame 400 Frame 500 Frame 550 

Frame 600 Frame 650 Frame 700 

Figure 5.10 Selected frames for thirty facial marker set model II 
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Frame 120 Frame 140 Frame 160 

Frame 180 Frame 200 Frame 230 

Figure 5.11 Selected frames for fifty-four marker set model I 
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Frame 260 Frame 300 Frame350 

..... } 

Frame 400 Frame 500 Frame 550 

Frame 600 Frame 650 Frame 700 

Figure 5.12 Selected frames from fifty-four facial marker set model II 
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Figures 5.9 and 5.10 show selected frames for the thirty facial marker set model while 

Figures 5.11 and 5.12 show selected frames for the fifty-four facial marker set model. 

A close look at these frames reveals that the changes between these marker sets 

especially around the mouth area is more pronounce for the fifty-four facial marker 

set. This proves that the fifty-four marker set model was able to capture the facial 

muscles around the mouth area more accurately than the thirty facial marker set 

model. 

• Rendering: Figures 5.13, 5.14 and 5.15 show the final facial animation movies 

of the three volunteers. The length of the movie clips are twenty-nine seconds, 

twenty-seven seconds and twenty-three for the movie pictures I, II and III 

respectively. When the movie clips were played, the lips moved in synchronism 

with the speech that was recorded during the motion capturing sessions. The 

movies were also compared with the recorded videos and were found to be 

similar. The combined original videos and the result movies for the three 

volunteers are shown in Figures 5.16, 5.17 and 5.18. 
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Figure 5.13 The Movie picture I. 
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Figure 5.14 Movie picture II 
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Figure 5.15 Movie picture III. 

Figure 5.16 Combined video and result.I 
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Figure 5.17 Combined video and result.II 
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Figure 5.18 Combined video and result III 
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The final results show that the combination of the data from the head scanner 

and motion capture data along with audio data streams from video camera data was 

effective for facial animation. When the movie clips were played, the facial 

movements especially the lips movements were in synchronism with the spoken 

words which reflected the effectiveness of the motion capture data. 

5.2 Evaluation 

The result also proves that the fifty- four facial marker set which was modeled 

will definitely produce facial animations especially around the mouth. With the 

marker set the relaxation and contraction of the muscles around the mouth (that is 

orbicularis oris, zygomaticus major, zygomaticus minor, risorius, levator anguli oris, 

triangularis, depresser labii inferior is and mentalis (Figures 3.5 and 3.6),) was 

accurately captured by the Vicon motion capture camera. 

The facial animation techniques {i.e. model-based and image based techniques 

discussed in the Chapter 2) attempt to mimic the dynamics of facial expressions and 

lip movements during articulations. However due to the complexity of the skin, that is 

its visco-elastic properties coupled with the complexity of the muscle's contraction 

and relaxation, the use of motion capture cameras produces better result. In this 

study, we show that the direct retrieval of both facial movements and facial physique 

with the aid of motion capture cameras and the head scanner can be used for 

animating the movements of facial muscles and the lips produced during speech. 
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CHAPTER SIX 

CONCLUSIONS AND FUTURE WORK 

6.1 CONCLUSIONS 

Achieving realistic facial animation is a great challenge especially as we all 

have a perspective of how ideal facial expression should be. The other issue that 

contributes to the problem is the complexity of facial shapes, muscles, articulation 

which varies among gender, race and age. The major work done in this present study 

is 

• The modeling of one hundred and twenty-eight facial marker set which reflects 

the location of the facial muscles that lie beneath the skin especially around the 

mouth area. As a result of trajectory crossover, the effectiveness of the one 

hundred and twenty-eight facial marker set could not be verified; we then reduced 

the number of the markers to fifty-four. 

• The modeling of fifty-four facial marker set. The effectiveness of the fifty-four 

marker set was verified by capturing the facial expressions and lip movements 

during speech for three volunteers, while they read aloud a text that includes all 

the forty-four major English phonemes. The motion capture data was combined 

with scanned data to produce facial animation tool. 
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• The development of a fast facial animation tool by combining the motion capture 

data with facial scanned data to produce facial animation tool thus making the 

mathematical model unnecessary. 

The final movie clips proves that the fifty- four facial marker set is effective. 

The locations of the facial marker set reflected the location of the facial muscles 

especially around the mouth area. From the facial animation of the final movie we 

can conclude that the relaxation and contraction of these facial muscles was captured 

faithfully especially around the mouth area. 

During the course of the project, it was discovered that the processing of the 

one hundred and twenty-eight facial marker set was difficult due to the inadequate 

number of the motion capture cameras. If the number of the cameras is increased to 

ten, it will then be possible to verify the effectiveness of the one hundred and twenty-

eight facial marker set. In this case all of the facial muscles would be captured 

faithfully especially the upper part of the face that is not represented well in this 

project. 

6.2 Future Work 

The long time goal of the current study is the development an effective speech 

therapy tool. As mentioned in the introduction, this comprises of facial animation, 

speech recognition/synthesis/analysis and software tools for the development of 

speech therapy programs. The current study addressed the issue of rapid facial 

animation creation process by combining the motion capture data with that of scanned 
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data. In the process one hundred and twenty-eight facial marker set and fifty-four 

facial marker set were modeled. The fifty-four facial marker set was found to be 

effective. However, there are still more work to be done in order to accomplished the 

long term. Future work to be done 

• With additional motion capture cameras, the effectiveness of the one 

hundred and twenty-eight facial marker set should also be tested in the 

same manner. 

• A database of sub-clips of each diphone can be created and then used for 

generating other sentences and paragraphs. In this case the problem of co-

articulations can be compensated by utilising a suitable co-articulation 

model. The sub-clips will probably be about three to eight frames of 

combined audio and video, reducing processing time. There is also the 

choice of a male voice or female voice. 

• With the construction of the database of English diphone, a talking head 

application in speech therapy can be developed. 

• Models of tongue, teeth and eyes to be included in the system. 

• Software application tools for the development of speech therapy 

programs. 
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APPENDIX A 

ANATOMICAL BASED MODEL 

Physics-based models are based on the anatomical structure of the head which 

comprises of the different layers of muscles, cartilage, bones, nerves, blood vessels, 

glands, fatty tissue, connective tissue, hair and skin [25][26]. For computer analysis 

most studies concentrated on the skin, muscles and the skull [18]. The human face 

comprises of wide range of muscle types which are rectangular, triangular, sheet, 

linear and sphincter [17] [21,], however most studies are based on linear, sheet, and 

sphincter [21][18]. As reported in the medical literature, muscles lie beneath the skin, 

often originate from the bone and inserts into the skin. When the facial muscle 

contracts it becomes shorter (linear/sheet muscles) or thicker (sphincter muscles) and 

at the same time interacts with other muscles within its influence thus resulting in the 

movement of skin/tissue layer to produce facial expression like fear, anger, sadness, 

surprise and pain. During muscle contraction, the movement at the point of origin is 

static while the insertion point experiences all the movements. Similar process is 

accomplished during speech production. [17] 

Physics based models is typically accomplished by mass spring [49] [23] or finite 

element method [60]24][50] to model the visco-elastic properties of the skin. 
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A.l Head Structure 

Most of the study [25] [18][61] considered three conceptual layers based on the 

anatomy of the head, namely 

• Skin/tissue layer to represent epidermis, subcutaneous fatty tissue. 

• Attached to the skull and inserted into the skin is the muscles layer. 

• Finally the bone structure which comprises of a rigid skull with a rotating jaw. 

A.2 Skin/tissue: 

As illustrated in Figure A-l the skin/tissue is the physics based model's top layer 

which connects to muscles and bones. The elastic properties of the dermis, epidermis 

and the fatty subcutaneous layer are also taken into consideration for the skin model. 

The model also includes local volume preservation and skull penetration constraints 

[22][26][18] 

A.3 Muscles: 

Muscles are represented as piecewise linear fibres which contract isotonically 

by the shortening of the linear segments with linear muscles contracting towards the 
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insertion point while sphincter muscles contract towards a point. These linear muscles 

'fibres' can be combined into groups to form sheet muscles. Muscles are laid out in 

different configurations to reflect their anatomical structure; as shown in Figure A-2; 

long and thin strands to represent zygomatic major , broad sheets to represent 

frontalis, curved muscles to represent levator labii superioris alaque nasi and 

sphincter to represent orbicularis oris. The model also incorporated the merging and 

intertwining of muscles thus producing coupled actions. [25] [26] 

• 

• • • 

v., *^* 

• 

• * 

} skia tsaslii. 

> imiscls layer 

} skaUlapsr 

\ ininnred 
} skidl/muscki 

J aitachoQestis 

*-' 

Figure A-l Mass-spring system [26] 
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Figure A-2 Variety of supported muscles [26] 

(1). linear muscles, (2). sheet muscles (3) curved muscles (4) sphincter 

muscles 

A.4 Skull and Jaw: 

The anatomical model made a distinction between the skull and movable jaw 

and their meshes are used to determine if part of skin or muscle layers lie over the 

skull or the jaw. The mass spring mesh handles the skull penetration constraints 

internally. 
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APPENDIX B 

Mathematical Models 

B.l Skin /Tissue Model 

As mentioned previously, skin is made of epidermis, dermis and the 

subcutaneous cellular tissue. The dermal layer (dermis) exhibits a non linear stress-

strain relationship which is reflected in the Waters and Terzopoulos's model [62]. 

Figure B.l shows the various layers; the skin (comprising of epidermal surface and 

dermal-fatty layer), muscle layer and the skull surface as represented by the nodes. 

Epidermal Nodes 

1,2,3 

1 j p Epidermal Surface 

Dermal-fatty Layer 

/ 
Fascia Surface 

Muscle Layer 

• ^ 

3K. I \ Skull Surface 

Bone Nodes 
7, 8, 9 

Fascia Nodes 
4, 5, 6 

Figure B-l Triangular skin tissue prism element [18] 
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Assume a node i of a mass mt with a 3D position given as 

xi(t) = [xi(t),yi(t),zi(t)]
! 

dx d2x-
The node velocity and its acceleration is given as v; = —- and a, = —r1-

dt dt 

respectively. [5, 20] A spring k of length /* and stiffness ck which connects nodes i 

andj together. The vector separation of the nodes is represented by rk and is given as 

rk = Xj - x, the actual spring length 4 is \\rk \\ and spring deformation e* is expressed 

as ek = lk - lk then the force Sk that the spring exerts on node / is defined as 

ckek sk rk .The overall force on node / resulting from the other springs which 

connect to node j G JV. in the deformable lattice is defined as g;.(/) = V,sA [18][ 

22] 

The modified version incorporated the biphasic dermal fatty springs by introducing 

two spring stiffness for the dermal layer. 

ct =< 

hKJl't lk>lR
k(\ + Bk

p) 

IkKxll
R

k for lR
k{\ + Bk

p)>lk>lR
k 

hK^{lk,l
R

k)ll
R

k lR
k>h 

where Ki and K2 are the two spring stiffness for the biphasic dermal fatty springs 

Bk
p is the spring's biphasic point and it is in terms of Ik IIk 

While the spring stiffness for other springs is 
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ck=^ 

IkK III l* >l* 

K is the spring stiffness for other springs. 

IkKW!ktl*)ll* z * > z 

K for epidermis is 60, dermal fatty 30 and 70, fascia is 80 and the muscle is 10. [21] 

The equation of motion for the tissue model is given by the formula below 

- + Y- L 

dt2 dt 
m, —pr + r,-^ + g, + q, + s, + hi = f, where 

nij = nodal mass. 

Yi = damping coefficient.. 

• gf - total spring at node i 

- qt = total volume preservation force at node i 

- Ij = total skull penetration force at node i 

- h, = total nodal restoration force at node / 

- fi = total muscle force applied at node / 

[21] 

B.2 Muscle Model. 

Kahler et al's muscle model [26] incorporated the anatomical structure of 

muscles. Muscle was built as piece wise linear segment comprising of individual 
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fibers which represented muscle fibers and sacromere. Figure B.2 shows the relaxed 

muscle polygon, that is the rest state, while Figures B.3 and B.4 show the contracted 

muscles for both linear and sphincter muscle polygons 

• Assume a control polygon that comprises of n control points 

/>,. e9t3(/ = 0,....,w-l) for contraction value c = 0 (no contraction) and c=l 

maximum contraction, a new polygon Q can be constructed such that Q= {#,}" 

with each control point/?, assigned a parameter tt such that 

«-i 

t., := Z-
s; 

o 

PJ-PJ-

,if/ = 0, 
, else. 

t u t 

1 
Pi 

Figure B-2 Relaxed muscle fibre control polygon P[26] 

4-
P. 

,-•«••* 
Ft •4 

Pi 

A 

Figure B-3 Contracted linear muscle polygon q (c=l/2) [26] 
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p , p4 

> «f S 
Ox fl*^ W f ' X ~ ' - ' .<^>'* 

o <^ 
J r2 ft P: 

Figure B-4 Contracted sphincter muscle polygon q (c=l/2) [26] 

• To avoid too much shrinking the parameters tt are scaled by the contraction factor 

1-c and then clamped to [0.01, 1] i.e. it := max{(l - c)tj ,0.01} 

• Each parameter it is mapped to the index kt e {0, ,w-2} of the starting point 

of the segment that has f( i.e. kt :={ „ if /=0; 

• Use linear interpolation to compute new control points qt 

q>-=pkl +(pki+i-pkl)-
t -t, 

i ki 

hi+\ hi 

• Sphincter muscles are contracted towards a centre point 

q, :=p*+(l-c)\\pi-p*\\ 

• Each muscle segment height p~p~ ls scaled by (1+2.S7) to achieve 

bulging. 
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Use affine transformation to transform the original segment p p+x
 t 0 qq 

[2] 

B.3. Zhang et al's muscle model 

Zhang et al. [61] improved on Waters and Terzopoulos muscle model [62]. Their 

facial muscles modeling considered three muscle types namely linear, sphincter and 

sheet muscles. 

B.3.1 Linear muscle model 

The linear muscle model is shown in Figure B.5 

x,: arbitrary facial skin point 

m'j : attachment point of linear muscle j at the skull 

m'j: insertion point of linear muscle j at the skin 

Rj: maximal radius of muscle influence 

(pj : maximal angle of muscle influence 

(pjj: angle between muscle vector m* tnl. and x, 

in: distance between m'j andx,: 

Figure B-5 Linear Muscle model [61] 

From Figure B-5 above, The applied muscular force at vertex xt is given as 

fjl=al®x{XJi)®2(Yli) 
(mj-x,) 

1 " ^ - x i 
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The length factor Xn =— j 1 —— defines the longitudinal distance between the 
mj ~mj 

<P, 
muscle j and vertex x, and the angular factor y H = —?- defines the latitude distance 

<Pj 

between the muscle j and vertex x, 

ofjis muscle contraction rate which controls the muscular force magnitude, the 

muscle forces due to length ratio and angular ratio are scaled functions 0 , and 0 2 

respectively and are defined as ©j {Xjt) = 

,7T 
c o s ( - ( l - ^ ; ) 0 < A , <1 

cos( n 

2 

j> ) KX^Sj 

®iiyJt) = cos(^77y/)cos(f yjt) 0 < y < 1 

R 
dj=t A ' , , [61] 

mj -ntj 

The strength of muscle j is defined by r\j which is inversely proportional to the muscle 

influence along the longitude. 

B.3.2 Sphincter Muscle Model. 

The sphincter muscle model is shown in Figure B.6 
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x,: arbitrary facial skin poini 

o: epicenter of sphincter muscle model 
a, b and c: semi axes of sphincter muscle model 
o 'and b'\ scmimajor and somiminor axes of muscle 

influence area 

tij and i'(-: lateral and vertical coordinates of x; in 

the muscle influence area 

Figure B-6 Sphincter muscle model [61] 

Applied muscular force at vertex JC, is / , =as® (r () 

where as is the contraction rate of sphincter muscle and 

(P-X,) 

O-X: 

function 0 = cos ft-l)) 0<ri<\[7] 

B.3.3 Sheet Muscle Model 

x (.; arbitrary facial skin point 

mf and m'Jx; attachment points defining attachment line of sheet muscle; 

mf: middle point of sheet muscle attachment line 

mf and mf: insertion points defining insertion line of sheet muscle j 

j*' 

middle point of sheet muscle insertion line 

width of the rectangle »>ne influenced by sheet muscle 

length of the rectangle zone influenced by sheet muscle 

distance between %, and sheet muscle attachment line 

F i g u r e B - 7 S h e e t m u s c l e m o d e l [61 ] 
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Figure B-7 shows the sheet muscle model modeled as a series of almost parallel 

muscle fibres spread over a rectangular area Applied muscular force at vertex x, is 

given as 

/ ,= a i . , 0 ( l , ) 
\m, —m, 
1 ./ J i ' 

function © (!.,) = < 

,n c o s ( - ( l - ^ ; ) 0 < A , <1 
") J1 J1 

cos(— 
2 

Ksj-y 
) l<*j,*Sj 

X - J 

./' I „ . Ac Ic \m —m. 

a n d SJ = V-AT—SH W 
mj -mj 
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