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Summary Statement

The last six years has seen a renaissance in hair modeling, rendering and animation. We cover the gamut of hair simulation problems and present working solutions. The course covers both recent and novel research ideas, and time tested industrial practices that resulted in spectacular imagery.
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Course Abstract

The course is aimed at an intermediate level and addresses the special-effects developers and technical directors who are looking for innovation as well as proven methodologies in hair simulation. The audience will get a good grasp of the state of the art in hair simulation and will have plenty of working solutions that they can readily implement in their production pipelines. The course will also be a boot-camp for aspiring computer graphics researchers interested in physically based modeling in computer graphics.

The course will cover all the three main tasks in hair simulation: hairstyling, hair animation and hair rendering. First, an overview of various proposed models in the past and present, together with their strengths and weaknesses, will be presented. Subsequently, the latest methodologies pertaining to each of the tasks will be covered.

For hair dynamics, we will cover an elaborate as well as viable stiffness dynamics model of an individual hair strand. We will present two novel models for complex hair-hair, hair-body and hair-air interactions.

For rendering, we cover issues related to shading models, multiple scattering, and volumetric shadows. We also discuss the recent advances in programmable graphics hardware in the context of hair rendering. Advanced issues production hair rendering, self shadowing and lighting models for short and long hair will also be presented.
Prerequisites

Familiarity with fundamentals of computer graphics, physical simulation and physically based rendering is strongly recommended but not mandatory. Overview of numerical linear algebra, differential equations, numerical methods, rigid-body dynamics, collision detection and response, physics-based illumination models, fluid-dynamics would be a plus.
Intended Audience

Target audiences include special effects developers, technical directors, researchers, or any one interested in physically based modeling for computer graphics.

Syllabus

Session 1: State of the Art in Hair Simulation [30 min]
Marie-Paule Cani
We first give an overview of various hair simulation tasks – modeling, animation and rendering. We present various proposed models spanning these tasks, in the past and in the present, along with their strengths and weaknesses. An overview puts all the disparate set of topics discussed subsequently into perspective.
Session 2: Dynamics of Strands

· Oriented Strands – a versatile dynamic primitive [40 min]
Sunil Hadap
The simulation of strand like primitives modeled as dynamics of serial branched multi-body chain, albeit a potential reduced coordinate formulation, gives rise to stiff and highly non-linear differential equations. We introduce a recursive, linear time and fully implicit method to solve the stiff dynamical problem arising from such a multi-body system. We augment the merits of the proposed scheme by means of analytical constraints and an elaborate collision response model.


· Super Helices – dynamics of thin geometry [40 min]
Florence Bertails
We introduce the mechanical model based on Super Helix. This model is defined as a piece-wise helical rod, and can represent the essential modes of deformation (bending and twisting) of a strand, as well as a complex rest geometry (straight, wavy, curly) in a very compact form. We develop the kinematics of the model, as we derive the dynamic equations from the Lagrange equations of motion. Finally, we provide a rigorous validation for the Super Helix model by comparing its behavior against experiments performed on real hair wisps.
Session 3: Hair-obstacle and Hair-hair Interaction

· Adaptive wisp trees [40 min]
Marie-Paule Cani


· Multi-resolution hair-hair and hair-obstacle interaction [75 min]
Ming Lin, Kelly Ward
We present novel geometric representations, simulation techniques, and numerical methods to significantly improve the performance of hair dynamics computation, hair-object and hair-hair interactions.  These approaches focus on balancing visual fidelity and performance to achieve realistic appearance of animated hair at interactive rates.  In addition, we discuss application and system requirements that govern the selection of appropriate techniques for interactive hair modeling.

Session 4 : Hair Rendering [60 min]

Steve Marchner

Tae-Yong Kim
In this session, we cover the state-of-the-art in hair rendering. We start with a comprehensive yet practical theory behind physically based hair rendering, including light scattering through hair volume and self shadowing. We then present innovative techniques to speed-up hair rendering tasks using graphics hardware.
Session 5 : Simulation of Strands and Hair in Feature Productions 

· Madagascar & Shrek The Third – strands and foliage ears, braid, foliage and long hair [30 min]

Sunil Hadap
We discuss the use of versatile simulation system based on the strand primitive, introduced in seesion 2, for character dynamics and visual effects in Madagascar and Shrek The Third. We demonstrate dynamics of ears, braid, long/curly hair and foliage.
· Hair and strand simulation at ILM [45 min]

Zoran Kačić-Alesić
We first give an overview of the hair and strand simulation techniques used in a production environment at ILM. Then we will draw upon examples of highly dynamic long hair (Vampire Brides in "Van Helsing"), full body medium length fur (werewolves, wolves, Wookies in "Van Helsing", "The Day After Tomorrow", and "Star Wars Episode 3"), and articulated tentacles simulations (Davy Jones in "Pirates of the Caribbean 2"). We will explore commonalities between hair, cloth, and rigid body simulations, along with situations in which they can be used together or interchangeably.

· Chronicles of Narnia – simulation of lion mane and other hair fur techniques [45 min]
Tae-Yong Kim

Session 6 : Questions and Discussions [15 min]
Shorten the Course
The strength of the course is in its breadth as well as in its depth of the material presented. It would not make a justice to the vast and very hard topic of hair simulation without a full-day course. We would be able to make the course a half-day course, but that would be a stretch.
Course History and/or Rationale
This course has been given at SIGGRAPH 2003 and SIGGRAPH 2004 as a half day course, and was very popular. Since then, significant advancements have done in terms of hair dynamics presented in SIGGRAPH 2006 paper and SCA 2006 paper, and hair rendering presented in SIGGRAPH 2006, which would give a totally new perspective to the course. In addition, we would like to cover some spectacular simulation techniques from the feature films such as Madagascar, The Chronicles of Narnia, Pirates of the Caribbean and Shrek The Third (to be released). These recent productions have raised the hair and strand simulation bar to a next level.
Course Notes
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Biographies
** Sunil Hadap, Adobe Systems, formerly PDI/DreamWorks, USA **

Sunil Hadap was a member of R&D Staff at PDI/DreamWorks, developing next generation dynamics tools for use in upcoming film productions. His research interests include wide range of physically based modeling aspects such as clothes, fluids, rigid body dynamics and deformable models. Sunil Hadap has completed his PhD in Computer Science from MIRALab, University of Geneva under the guidance of Prof. Nadia Magnenat-Thalmann. His PhD thesis work is on Hair Simulation. During his doctoral research, he pioneered techniques for hairstyling and hair animation that have been published in Eurographics 2001. He recently joined Advanced Technical Labs in Adobe Systems as Senior Graphics Researcher. He wants to diversify in other exciting research avenues in computer graphics and imaging.
Sunil further developed strand and hair simulation techniques at PDI/DreamWorks. The resulting system is extensively used in production of Madagascar, and upcoming movies Shrek The Third and Bee Movie. The methodology and the results are presented at SCA 2006.

** Marie-Paule Cani, National Polytechnique de Grenoble, France **

Marie-Paule Cani is a professor at the Institut National Polytechnique de Grenoble, France. A graduate from the Ecole Normale Supérieure, she received a PhD in Computer Science from the University of Paris Sud in 1990. She was awarded membership of the /Institut Universitaire de France/ in 1999. Her main research interest is to explore the use of geometric and physically-based models for designing complex interactive scenes. Recent applications include the animation of natural scenes (lava-flows, ocean, meadows, wild animals, human hair) and interactive sculpting or sketching techniques. Marie-Paule Cani has served in the program committee of the major CG conferences. She co-chaired IEEE Shape Modelling & Applications in 2005 and was paper co-chair of EUROGRAPHICS'2004 and SCA'2006.

** Ming Lin, University of North Carolina, USA **

Ming Lin received her Ph.D. in EECS from the University of California, Berkeley. She is currently a Professor of Computer Science at the University of North Carolina, Chapel Hill.  She received several honors and five best-paper awards.  She has authored over 160 refereed publications in physically-based-modeling, haptics, robotics, and geometric computing. She has served as the conference and program chair of many conferences and the steering committee member of ACM SIGGRAPH / Eurographics Symposium on Computer Animation.  She is also an associated and guest editor of several journals and magazines.  She has given many lectures at SIGGRAPH and other international conferences.

** Tae-Yong Kim, Rhythm & Hues Studios, USA **

Tae-Yong Kim is currently a software engineer in Rhythm and Hues Studios. His primary responsibility at R&H includes development of simulation tools such as cloth, hair, and other types of softbody. For the Chronicles of Narnia, he developed a new hair simulation technique that was used to simulate aslan's fur as well as fur and hair of other creatures. He holds a Ph.D degree in computer science from the University of Southern California where he did researches on hair modeling and rendering techniques. His work was published in SIGGRAPH 2002 as well as other conferences. He was a lecturer in 2003, 2004 SIGGRAPH courses on hair simulation.  He also recently taught a SIGGRAPH course about the movie 'The Chronicles of Narnia' in 2006.

** Florence Bertails University of British Columbia, Canada **

Florence Bertails is currently a postdoctoral researcher at the University of British Columbia. A graduate from the Telecommunication Engineering School of INPG (France), she received in 2002 a MSc in Image, Vision and Robotics, and completed in 2006 a PhD on hair simulation at INPG. Her research interests focus on physically-based modelling and animation of passive objects, such as hair or fluids. She presented her work at international conferences such as the ACM-EG Symposium of Computer Animation, Eurographics, and Graphics Interface (best student paper award in 2005). Her latest work on hair animation was published at ACM SIGGRAPH in 2006.

** Zoran Kacic-Alesic, Industrial Light & Magic, USA **

Zoran Kacic-Alesic is a principal R&D engineer at Industrial Light & Magic, leading a team responsible for structural simulation and sculpting/modeling tools. His work at ILM (since 1992) has been primarily in the area of 3D modeling and animation including interactive tools for skin animation, 3D painting, sculpting, 3D scanning and model reconstruction, digital clay, choreography, and dynamics simulations, as well as software architecture for large 3D applications. His movie credits include Jurassic Park, Star Wars EP1, Harry Potter 4, and Pirates of the Caribbean 2. In 1996 he received a Scientific and Engineering Academy Award for the development of the ViewPaint 3D Paint System for film production work.

Zoran received a BEng in electrical engineering from the University of Zagreb, Croatia; a MSc in computer science from the University of Calgary, Canada; and an honorary doctorate in fine arts from the University of Lethbridge, Canada.

** Steve Marschner, Cornell University, USA **

Steve Marschner is Assistant Professor of Computer Science at Cornell University, where he is conducting research into how optics and mechanics determine the appearance of materials.  He obtained his Sc.B.  from Brown University in 1993 and his Ph.D. from Cornell in 1998. He held research positions at Hewlett-Packard Labs, Microsoft Research, and Stanford University before joining Cornell in 2002. He has delivered numerous presentations, including papers at IEEE Visualization, the Eurographics Rendering Workshop, and SIGGRAPH, and SIGGRAPH courses every year from 2000 to 2005.  For contributions in rendering translucent materials, he is co-recipient with Henrik Wann Jensen and Pat Hanrahan of a 2003 Academy Award for technical achievement.

** Kelly Ward, Disney Animation, USA **

Kelly Ward is currently a software engineer at Walt Disney Feature Animation, where she works on hair simulation and modeling tools for feature films. She received her M.S. and Ph.D. degrees in Computer Science from the University of North Carolina, Chapel Hill in 2002 and 2005, respectively. She received a B.S. with honors in Computer Science and Physics from Trinity College in Hartford, CT in 2000, where she was named the President's Fellow in Physics in 1999-2000. Her research interests include hair modeling, physically-based simulation, and computer animation. She has given several presentations and invited lectures on her hair modeling research at international venues.
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