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Program

¨ Computer Animation vs Traditional Animation

¨ Basic Techniques
¨ Advanced Techniques

¨ Modeling and Animating Articulated Models
¨ Animating Natural Phenomena 

¨ Virtual Reality/Virtual Environments
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Chapter 5

¨ Modelling and Animating Articulated Models 
¤ Modeling Humans

n Arm

n Hand
n Walking

¤ Motion Capture
¤ Facial Animation 

¤ Hair Animation 
¤ Cloth Animation
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Modeling and Animating Articulated 
models

¨ Modeling and animating an articulated figure is a 
daunting task.
¤ Is is especially challenging when the figure is meant to 

represent a human.
n First, the human figure is a very familiar form, which makes each 

person a critical observer.

n Second, the human form is very complex, with more than two 
hundred bones and six hundred muscles.

n Third, human-like motion is not computationally well defined.

n Fourth, there is no one definitive motion that is human-like 
(genetics, culture, personality, …)
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Modeling and Animating Articulated 
models (cont.)

¨ Modeling humans

¤ One of the most common human animation task involves 
movement of the upper limbs.
n To reach and operate a control;
n Turn a complex object over and over to examine it;
n Raise a coffee cup from a table up to his mouth to drink;

n …
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Modeling humans

¨ Modeling the Arm

¤ The basic model of the human arm can be most simply 
represented as a seven-degree-of-freedom (DOF) 
manipulator.
n Three DOF are at 

the shoulder joint;
n One at the elbow;

n Three at the wrist.

¤ A pose for the arm is a set of seven joint angles.
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Modeling humans (cont.)

¤ The joints of the human arm have limits
n Allowing a figure’s limbs to exceed the joint limits would certainly 

contribute to an unnatural look.
n For example, the elbow can flex to approximately 20 degrees and 

extend to as much 180 degrees.

¤ If joint limits are enforced, some general motions can be 
successfully obtained by using forward kinematics.

¤ But if the arm/hand must operate relative to a fixed object, 
such as a knob, inverse kinematics is necessary.
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Modeling humans (cont.)

¨ Modeling the Hand
¤ To include a fully articulated hand in the arm model, one 

must introduce many more joints.

¤ A simple hand 
configuration may 
consist of:
n A palm
n Four fingers
n A thumb
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Modeling humans (cont.)

¨ Modeling the Hand
¤ If the hand is to be animated in detail:

n The ability to point;

n Grasp objects of many shapes;
n Exert force;
n …

¤ Studies of grasping show at least sixteen different 
categories of grasp, most involving the thumb and one or 
more fingers.
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Modeling humans (cont.)

¨ Modeling the Hand

Different categories of grasp.
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Modeling humans (cont.)

¨ Modeling the Hand
¤ Simpler models combine the four fingers into one surface and 

may eliminate the thumb.
n This reduces both the display complexity and the motion control 

complexity.
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Modeling humans (cont.)

¨ Coordinated Movement
¤ Interaction between body parts is a concern beyond the 

determination of which joints to use in a particular motion.
¤ It is nearly impossible for a person reaching for an object 

to keep the rest of the body in a fixed position.
n Reactive motions by the other arm;
n Counterbalancing by the legs;
n Twisting, and blending of the torso.
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Modeling humans (cont.)

¨ Coordinated Movement
¤ Even walking, which is often modeled as an activity of the 

legs only, involves the torso and the arms.

¤ To further complicate the specification and control of 
reaching motion, there may be obstacles in the environment 
that must be avoided.
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Modeling humans (cont.)

¨ Walking
¤ An aspect that differentiates walking from typical reaching 

motions, besides the fact that it uses the legs instead of the 
arms, is that it is basically cyclic.

¤ Walking is responsible for transporting the figure from one 
place to another.
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Modeling humans (cont.)

¤ Walk cycle

¤ Run cycle
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Modeling humans (cont.)

¤ Knee flexion

¤ Ankle and toe joints
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Chapter 4

¨ Modeling and Animating Articulated Models 
¤ Modeling Humans

n Arm

n Hand
n Walking

¤ Motion Capture
¤ Facial Animation 

¤ Hair Animation 
¤ Cloth Animation
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Modeling and Animating Articulated 
models (cont.)

¨ Motion Capture
¤Motion capture of an object involves sensing, 

digitizing, and recording that object motion.
n It specifically refers to capturing human motion (or the motion 

of other life form)
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Motion Capture

¨ The objective of motion capture is to reconstruct the 
three-dimensional motion of a physical object and 
apply it to a synthetic model.

¨ There are primarily three approaches to this 
instrumentation:
¤ Electromagnetic sensors, Inertial sensors
¤ Optical markers
¤ Mechanical joints
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Motion Capture (cont.)

¨ Electromagnetic/Inertial sensors – uses sensors placed 
at the joints that transmit their positions and 
orientations back to a central processor to record 
their movements.

¨ Optical markers – have a much large range, and the 
performer only has to wear reflective markers on 
their clothes. It uses video technology to record 
images of the subject in motion. 
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Motion Capture (cont.)

¨ Motion Capture Systems

21

¨ Motion Capture Systems
¤ Inertial sensors

Motion Capture (cont.)
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Motion Capture (cont.)

¨ Collect sensor data
¤ Read magnetic fields 

¤ Triangulate optical data 
¤ Read mechanical joints 

¨ Fill in missing data
¨ Use IK (if necessary) to determine joint angles

¨ Apply the motion to your character
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¨ Apply the motion to your character

Motion Capture (cont.)
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Motion Capture (cont.)

¢ Advantages
� Realistic motion

� Characteristic motion

¢ Disadvantage
� Hard to edit

¢ Motion capture allows real-time character control.
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Motion Capture (cont.)

¨ Optical markers system
¤ Camera Calibration

n Know the locations and orientations of cameras in world space;

n Properties of the cameras (e.g., focal length)

¤ Fitting to the Skeleton
n Once the motion of the individual markers looks smooth and 

reasonable, is to attach them to the underlying skeletal structure 
that is controlled by the digitized motion.
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Motion Capture (cont.)

¨ Optical markers system
¤ Processing images

n Once the video is digitized, it is simply a matter of scanning each video 
image for evidence of the optical markers.

n If the background image is static, then it can be subtracted out to simplify 
the processing.

n Often some of the markers are occluded or overlap in an image.

¤ 3D Position Reconstruction
n To reconstruct the three-dimensional coordinates of a marker, the user 

must locate its position in at least two views relative to know camera 
position
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Motion Capture (cont.)

¨ Optical Markers System
¤ See videos
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Motion Capture (cont.)

¨ Organic Motion, iPi Motion Capture
¤ Nothing to wear, nothing to attach.

¤ But less quality that the inertial systems and optical 
markers systems 
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Chapter 4

¨ Modeling and Animating Articulated Models 
¤ Modeling Humans

n Arm

n Hand
n Walking

¤ Motion Capture
¤ Facial Animation

¤ Hair Animation 
¤ Cloth Animation
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Modeling and Animating Articulated 
models (cont.)

¨ Facial Animation 

31

Facial Animation

¨ Facial Animation
¤ Realistic facial animation is one of the most difficult tasks 

facing computer animation.

¤ The face is a complex, deformable shape having distinct 
parts that articulate, and it is an important component to 
defining a person’s character.

¤ There is a need to realistically animate the movement of 
the lips and surrounding face during the speech.
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Facial Animation (cont.)

¨ Facial animation models vary widely, from simple 
geometry to anatomy based.

¤ These models can be used:
n Video conferencing
n Interactive TV

n Virtual reality 
n Films
n …
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Facial Animation (cont.)

¨ When deciding on the construction of the facial 
model, important factors are:
¤ Geometry data acquisition method;
¤ Motion control and corresponding data acquisition method;

¤ Rendering quality;
¤ Motion quality.

¨ The model can be discussed in terms of its static and 
dynamics properties.
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Facial Animation (cont.)

¨ Three main methods have been used to deal with the 
geometry of the model:
¤ Polygonal meshes,  Splines, Subdivision surfaces

¨ Polygonal meshes are used most often for their 
simplicity. 

n They are relatively easy to create and can be deformed easily.
n Enable creating non-uniform mesh.
n The edges can define facial features (e.g., lips contours).
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Facial Animation (cont.)

¨ Models can be generated by:
¤ CAD system

n This is useful when the model to be constructed is a fanciful creature or a 
caricature. 

n This approach gives an artist the most freedom in creating a model, but 
requires the most skill.

¤ Laser scanners
n Use a laser to calculate distance to a 

model surface and create very accurate models. 
n The laser scanners are expensive and requires a physical model.
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Facial Animation (cont.)

¨ Models can be generated by:

¤ Photographs
n Generating a model from scratch is to take front and side images of a 

face on which grid lines have been drawn.
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Facial Animation (cont.)

¨ Textures
¤ Texture maps are very 

important in facial animation.

¤ Most objects created by computer graphics techniques have 
a plastic or metallic look!

¤ Texture maps can give a facial model a much more organic 
look and can give the observer more visual cues when 
interacting with images.
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Facial Animation (cont.)

¨ Texture acquisition
¤ Laser scanners are capable of collecting information on intensity 

as well depth, resulting in a high-resolution surface with a 
matching high-resolution texture.
n However, once the face deforms, the texture no longer matches exactly.

¤ Created from photographs by simply combining top and side 
views using pixel blending where the textures overlap.
n Lighting effects must be taken into consideration.
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Facial Animation (cont.)

¨ Approaches to Animating the Face
¤ The simplest approach to facial animation is to define a set of 

key poses.
¤ Facial animation is produced by selecting two of the key poses 

and interpolating between the positions of their corresponding 
vertices in the two poses.
n This restricts the available motions

¤ What are the primitive motions of the face?

¤ And how many degrees of freedom are there in the face?
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Facial Animation (cont.)

¨ Facial Action Coding System (FACS) [Ekman and Friesen 
1978]
¤ FACS is the result of research with the objective of 

deconstructing all facial expressions into a set of basic facial 
movements.

¤ Forty-six movements are identified in the study, and they 
provide a clinical basis from which to build a facial animation 
system.

¤ These movements when considered in combinations can be 
used to describe all facial expressions.
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Facial Animation (cont.)

¢ MPEG-4
� The MPEG-4 standard proposes tools for efficient encoding of 

multimedia scenes. It includes a set of Facial Definition 
Parameters (FDPs) that are devoted mainly to facial animation 
for purposes of video teleconferencing.

� Once the model is defined in this way, it can be animated by 
an associated set of  Facial Animation Parameters (FAPs), also 
defined in MPEG-4 standard.

� MPEG-4 defines sixty-eight FAPs.
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Facial Animation (cont.)

Feature points corresponding to the MPEG-4 FDPs.
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Facial Animation (cont.)

¨ Parameterized Models
¤ Parameterizing the facial model according to primitive actions 

and then controlling the values of the parameters over time is 
one of the most common ways to implement facial animation.

¤ For a parameterization to be easy to use: 
n The set of parameters should be as small as possible;
n The effect of each parameter should be independent of the effect of 

any other parameter;
n The effect of each parameter should be intuitive.
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Facial Animation (cont.)

¤ The most popular parameterized facial model is created by 
Parker (1992)
n Creating facial models based on the so-called conformational 

parameters of a generic facial model, and expression parameters.

n Conformational parameters
n Nose length
n Eyes position, separation
n Neck shape
n …

o Expression parameters
o Pupil (small/large)

o Mouth (open/close)

o ...
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Facial Animation (cont.)

¨ Muscle Models
¤ Muscle-based models are more sophisticated, although there is 

wide variation in the reliance on a physical basis for the 
models.

¤ There are typically three types of muscles that need to be 
modeled for the face:
n Linear – is a muscle that contracts and pulls one point toward another;
n Sheet – muscle acts as a parallel array of muscles;
n Sphincter – muscle contracts radially  toward an imaginary center.
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Facial Animation (cont.)

¨ Muscle Model
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Facial Animation (cont.)

¨ Facial animation often has the constraint of precise 
timing with respect to a soundtrack because of lip-
synching.

¨ Lip-synching involves more than just the lips:
¤ The rigid articulation of the jaw;
¤ The muscle deformation of the tongue must also be 

considered.
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Facial Animation (cont.)

¨ Facial animation – Motion capture
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FACIAL ANIMATION (CONT.)

¨ Facial animation – Motion capture

http://www.vicon.com/System/Cara
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FACIAL ANIMATION (CONT.)

¨ Facial animation – Motion capture

http://www.vicon.com/System/Cara
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Facial Animation (cont.)

¨ Markerless Facial Capture and Facial Animation

Mixamo - FaceplusFaceshift

NaturalFront 3D Face Animation
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Facial Animation (cont.)

¨ Applications
¤ Television

¤ Films
¤ Virtual Reality
¤ Games

¤ Web applications
¤ Communications

¤ …
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Chapter 4

¨ Modeling and Animating Articulated Models 
¤ Modeling Humans

n Arm

n Hand
n Walking

¤ Motion Capture
¤ Facial Animation

¤ Hair Animation
¤ Cloth Animation
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Modeling and Animating Articulated 
models (cont.)

¨ Hair Animation 

56

Hair Animation

¨ One of the most significant hurdle for making virtual 
humans indistinguishable from real ones.

¨ The hair modeling can be divided into three general 
categories: 
¤ hairstyling
¤ hair simulation
¤ hair rendering
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Hair Animation

¨ Hairstyling, viewed as modeling the shape of the hair, 
incorporates the geometry of the hair and specifies the 
density, distribution, and orientation of hair strands.

¨ Hair simulation involves the dynamic motion of hair, 
including collision detection between the hair the head or 
body, as well as hair mutual interactions.

¨ Hair rendering entails color, shadows, light scattering 
effects, transparency, and anti-aliasing.
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Hair Animation

¨ There are mainly four approaches to modeling hair:
¤ Polygonal structure

¤ Volumetric textures
¤ Explicit hair models

¤ Particle systems
¤ Cluster model

59



30

Hair Animation (cont.)

¨ Polygonal structure
¤ Used more in games and virtual environments.
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Hair Animation (cont.)

¨ Volumetric textures

¤ Perlin et al (1989)
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Hair Animation (cont.)

¨ Explicit hair models
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Hair Animation (cont.)

¨ Explicit hair models
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Hair Animation (cont.)

¨ Particle systems
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Hair Animation (cont.)

¨ Cluster model
Clump of hair is considered for modeling instead of 
individual hair strand.

Not suitable for smooth, simple hair
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Hair Animation (cont.)

¨ Hair animation
¤ Rosenblum et al (1991), Anjyo et al (1992), Kurihara et 

al (1993)
n Developed dynamic models that are essentially based on 

individual hair.
n An individual hair is modeled as connected rigid segments having 

blending stiffness at each joint.
n Then the individual hair is solved for the movement due to the 

inertial forces and the collision with the body.
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Hair Animation (cont.)

¨ Hair animation
¤ Lewis (1989), Perlin (1989), Dischler (1999)

n Simulate effects of turbulent air on the fur using stochastic space 
perturbation such as turbulent, noise, etc.

¤ Thalmann et al (1996)
n Hair deformation reduced to the deformation of a tube.
n Each hair strand is parametrically defined inside the tube, so its 

follow its deformation.
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Hair Animation (cont.)

¨ Hair animation
¤ Hadap and Magnenat-Thalmann (2000)

n Hair as streamlines of a fluid flow.

¤ Bertails et al. (2006)
n Super-Helices for Predicting the Dynamics of Natural Hair
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Hair Animation (cont.)

¨ The great number of elements create problems:
¤ Collision detection

n However, precise simulation including collision response is impracticable 
because of the number of individual hairs.

¤ Interaction between lights 
and shadows

¤ Anti-aliasing
n Result from the small scale 

of one hair’s width in comparison to the rendered image.
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Hair Animation (cont.)

¨ Some results
GPU Gems 2: Chapter 23. Hair Animation 
and Rendering in the Nalu Demo
Hubert Nguyen and William Donnelly
NVIDIA Corporation

“Structure-Aware Hair Capture”,

Linjie Luo, Hao Li and Szymon Rusinkiewicz, 2013.

70

Hair Animation (cont.)

¨ Hair animation

¤ Bertails et al. “A Survey on Hair Modeling: Styling, Simulation, 
and Rendering”, IEEE Transactions on Visualization and Computer
Graphics, Vol. 13(2), pp.213-234, 2007.

¤ “Realistic Hair Simulation: Animation and Rendering”
https://hal.inria.fr/inria-00520270/file/finalcoursenotes2008.pdf

¤ “Volumetric Methods for Simulation and Rendering of Hair"
https://graphics.pixar.com/library/Hair/paper.pdf

¤ “Structure-Aware Hair Capture”
http://gfx.cs.princeton.edu/pubs/Luo_2013_SHC/structure-hair.pdf
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Chapter 4

¨ Modeling and Animating Articulated Models 
¤ Modeling Humans

n Arm

n Hand
n Walking

¤ Motion Capture
¤ Facial Animation

¤ Hair Animation 
¤ Cloth Animation
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Modeling and Animating 
Articulated models (cont.)

¨ Cloth Animation 

73
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Cloth Animation

¨ Cloth Animation
¤ Simulating clothing and its interaction with the surfaces of 

the figure is a computationally intensive part of 
representing virtual humans.

¤ The clothes that protect and decorate the body contribute 
importantly to the appearance of a human figure.

¤ For an animated figure, the clothes provide important 
visual cues that indicate the type and speed of its motion.
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Cloth Animation (cont.)

¨ Cloth Animation
¤ A robust model for cloth must consider the constant state of 

collision between the material and the figure being clothed.
n A mesh of triangles 

(or quadrilaterals) as the 
underlying model, in which 
collisions are tested 
continually.
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Cloth Animation (cont.)

¤ The model should be robust enough to ensure realistic 
animation, and despite the lot of collisions created by:
n Crumpling;
n Wrinkling;

n Contact with the body.
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Cloth Animation (cont.)

¨ Overview of Cloth Research (Two Communities)
¤ Textile Engineering

n Low-level mechanical properties
n CAD/CAM and industrial applications

¤ Computer Graphics
n Draping & macroscopic dynamics of cloth
n Visual effects and animation
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Cloth Animation (cont.)

¨ Cloth Models (Computer Graphics)
¤ Weil (1986) - Geometric approach

¤ Feynman (1986) - Minimize strain energy
¤ Haumann (1987) - Mass-spring model
¤ Terzopoulos et al. (1987) - Elasticity-based forces

¤ Thalmanns (1990 on) - Clothing animation
¤ Breen et al. (1991-94) - Particle-based model

¤ Eberhardt et al. (1995 on) - Modeling knits
¤ Baraff & Witkin (1998) - Implicit integration
¤ Desbrun et al. (2000) - Interactive “cloth”
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Cloth Animation (cont.)

¨ Feynman Results

¤Minimize strain energy
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Cloth Animation (cont.)

¨ Terzopoulos et al. Results

¤Elasticity-based forces
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Cloth Animation (cont.)

¨ Thalmann (1990 - Present)
¤ Extend Terzopoulos model
¤ Enhanced computational techniques
¤ Collision detection and response
¤ Designing a complete set of clothing
¤ User interface
¤ Data structures
¤ Focused on clothing virtual actors
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Cloth Animation (cont.)

¨ Thalmann Results
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Cloth Animation (cont.)

¨ Breen et al. Results
¤Particle-based model

83



42

Cloth Animation (cont.)

¨ Eberhardt et al. Results
¤Modeling knits
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Cloth Animation (cont.)

¨ Baraff and Witkin (1998)
¤ Rapid cloth simulation with implicit integration

¤ Instead of “blindly” stepping forward, solve system of 
equations to find a system state that points back to initial 
state

¤ Larger time steps and faster simulations
¤ Downside: Cloth model defined mostly for computational 

efficiency
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Cloth Animation (cont.)

¨ Baraff and Witkin Results
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Cloth Animation (cont.)

¨ Desbrun et al. (2000)
¤ Designed for Virtual Reality

n Interactive rates

n Unconditionally stable/robust

¤ Mass-spring system
¤ Predictor/Corrector Implicit Integration

n Addition of artificial viscosity
n Filters the force field

n Correct to maintain momentum

¤ Post-step relaxation
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Cloth Animation (cont.)

¨ Desbrun et al. Results
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Cloth Animation (cont.)

¨ Cloth Modeling Trends
¤ Fast, complex, multiresolution cloth models

¤ Data collection
n Catalogue of fabrics and properties

n Macroscopic fabric behaviors from thread-level measurements 
and friction

n Cloth properties/structure from fabric drape
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Cloth Animation (cont.)

¨ Cloth Modeling Trends
¤ Image-based simulation methods

¤ Consumer level cloth simulations
n Personal clothing CAD/CAM system
n Virtual dressing room
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Cloth Animation (cont.)

¨ Cloth Modeling and Animation

Publisher:A.K. Peters, Ltd.
Editors:   Donald H. House & 

David E. Breen

Published July 24, 2000
ISBN 1-56881-090-3 
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Cloth Animation (cont.)

¨ Virtual Clothing

Publisher: Springer
Editors: Pascal Volino and 

Nadia Magnenat-Thalmann

Published November, 2000 
ISBN: 3540676007
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Cloth Animation (cont.)

¨ “Clothing Simulation and Animation”
http://graphics.snu.ac.kr/~ko/2005_SIGGRAPH_COURSE29.pdf
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Cloth Animation (cont.)

¨ Modeling and Simulating Bodies and Garments

Publisher: Springer
Editor: Nadia Magnenat-Thalmann

Published April, 2010 

ISBN: 1447157419
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