
int
resampleLinearVM
( VMState* state )
{
   RCP<const FCurveUniformSamples> curve( FCurveUniformSamplesVM::toConst( state, 1 ) );
   RCP<FCurveUniformSamples> result;
   curve->resampleLinear( result, VM::toInt( state, 2 ) );   
   FCurveUniformSamplesVM::push( state, result );
   return 1;
}
int
waveletTransformFwdHaarVM
( VMState* state )
{
   RCP<const FCurveUniformSamples> curve( FCurveUniformSamplesVM::toConst( state, 1 ) );
   RCP<FCurveUniformSamples> result;
   curve->waveletTransformFwdHaar( result );   
   FCurveUniformSamplesVM::push( state, result );
   return 1;
}
int
waveletTransformRevHaarVM
( VMState* state )
{
   RCP<const FCurveUniformSamples> curve( FCurveUniformSamplesVM::toConst( state, 1 ) );
   RCP<FCurveUniformSamples> result;
   curve->waveletTransformRevHaar( result );   
   FCurveUniformSamplesVM::push( state, result );
   return 1;
}
int
waveletTransformPartialRevHaarVM
( VMState* state )
{
   RCP<const FCurveUniformSamples> curve( FCurveUniformSamplesVM::toConst( state, 1 ) );
   RCP<FCurveUniformSamples> result;
   curve->waveletTransformPartialRevHaar( result, VM::toInt( state, 2 ) ); 
   FCurveUniformSamplesVM::push( state, result );
   return 1;
}
int
waveletTransformFwdLinearVM
( VMState* state )
{
   RCP<const FCurveUniformSamples> curve( FCurveUniformSamplesVM::toConst( state, 1 ) );
   RCP<FCurveUniformSamples> result;
   curve->waveletTransformFwdLinear( result );   
   FCurveUniformSamplesVM::push( state, result );
   return 1;
}
int
waveletTransformRevLinearVM
( VMState* state )
{
   RCP<const FCurveUniformSamples> curve( FCurveUniformSamplesVM::toConst( state, 1 ) );
   RCP<FCurveUniformSamples> result;
   curve->waveletTransformRevLinear( result );   
   FCurveUniformSamplesVM::push( state, result );
   return 1;
int
waveletTransformPartialRevLinearVM
( VMState* state )
{
   RCP<const FCurveUniformSamples> curve( FCurveUniformSamplesVM::toConst( state, 1 ) );
   RCP<FCurveUniformSamples> result;
   curve->waveletTransformPartialRevLinear( result, VM::toInt( state, 2 ) )   
   FCurveUniformSamplesVM::push( state, result );
   return 1;
}
int
waveletTransformFwdCubicVM

( 

VMState* state )
{
   RCP<const FCurveUniformSamples> curve( FCurveUniformSamplesVM::toConst( state, 1 ) );
   RCP<FCurveUniformSamples> result;
   curve->waveletTransformFwdCubic( result );      
   FCurveUniformSamplesVM::push( state, result );
   return 1;
}
int
waveletTransformRevCubicVM
( VMState* state )
{
   RCP<const FCurveUniformSamples> curve( FCurveUniformSamplesVM::toConst( state, 1 ) )
   RCP<FCurveUniformSamples> result;
   curve->waveletTransformRevCubic( result );   
   FCurveUniformSamplesVM::push( state, result )
   return 1;
}
int

waveletTransformPartialRevCubicVM
( VMState* state )
{
   RCP<const FCurveUniformSamples> curve( FCurveUniformSamplesVM::toConst( state, 1 ) )
   RCP<FCurveUniformSamples> result;
   curve->waveletTransformPartialRevCubic( result, VM::toInt( state, 2 ) );
   FCurveUniformSamplesVM::push( state, result );
   return 1;
}
int
fastFourierTransformVM
( VMState* state )
{
   RCP<const FCurveUniformSamples> curve( FCurveUniformSamplesVM::toConst( state, 1 ) );
   RCP<FCurveUniformSamples> result;
   curve->fastFourierTransform( result );    
   FCurveUniformSamplesVM::push( state, result );
   return 1;
}
int
maxAmplitudeVM
( VMState* state )
{
   RCP<const FCurveUniformSamples> curve( FCurveUniformSamplesVM::toConst( state, 1 ) );
   RCP<FCurveUniformSamples> result;
   curve->maxAmplitude( result, VM::toInt( state, 2 ), VM::toInt( state, 3 ), VM::toInt( state, 4 ) ); 
   FCurveUniformSamplesVM::push( state, result );
   return 1;
}
int
translateToMatchVM
( VMState* state )
{
   RCP<const FCurveUniformSamples> curve( FCurveUniformSamplesVM::toConst( state, 1 ) );
   RCP<const FCurveUniformSamples> other( FCurveUniformSamplesVM::toConst( state, 2 ) );
   float scale, offset;
   int translate = curve->translateToMatch( other, scale, offset );   
   VM::push( state, translate );
   VM::push( state, scale );
   VM::push( state, offset );
   return 3;
}
  CLASS RevOrdering
class RevOrdering
{
public: 
   bool operator() ( float a, float b ) const
   {
      return ( a < b );
   }
};
class HaarWaveletOrdering
{
public: 
   /*----- methods -----*/
   HaarWaveletOrdering( const FCurveUniformSamples::Container& waveletCoefficients )
      : _waveletCoefficients( waveletCoefficients )
   {
      if( _waveletMultiplier.size() == waveletCoefficients.size() )
      {
         return;
      }   
      _waveletMultiplier.resize( waveletCoefficients.size() );
      uint increment;
      for ( increment=1; increment < _waveletMultiplier.size()-1; increment<<=1 )
      {
         uint waveletIdx;
         for ( waveletIdx=0 ; waveletIdx < _waveletMultiplier.size() ; waveletIdx += increment )
         {
            if( increment == 1 )

            {
               _

waveletMultiplier[waveletIdx] = 1;
            }
            else
            {
               _waveletMultiplier[waveletIdx] *= 2;
            }
         }
      }

      uint i;
      for ( i=0; i<waveletCoefficients.size(); ++i )
      {
         TRACE( "(" << i << ", " << _waveletMultiplier[i] << ")" );
      }
   }
   bool operator() ( uint a, uint b ) const
   {
      if( a==0 && b!=0 )
      {
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The Canadian Human�Computer Communications Society (CHCCS) / Société 
Canadienne du Dialogue Humaine Machine (SCDHM) is Special Interest Group within the 
Canadian Information Processing Society. It is a non�profit organization with the goal of 
advancing education and research in computer graphics, visualization and human�computer 
interaction.

Each year CHCCS/SCDHM sponsors Graphics Interface, the longest�running regularly 
scheduled conference in interactive computer graphics.Most years it is co�located and coor�
ganized with several other conferences: this year the AI/CRV/GI 2010 conference, encompass�
ing Artificial Intelligence and Computer and Robotic Vision, along with Graphics Interface, 
is located at the University of Ottawa in Ottawa, Ontario. Graphics Interface promises to be 
an exciting event, with a selection of high quality papers in computer graphics, visualization 
and human�computer interaction.

Complementing the annual conference CHCCS/SCDHM sponsors four awards: the 
annual Michael A. J. SweeneyAwards for the best student papers presented at the confer�
ence; the annual Alain Fournier Ph.D. Thesis Award, presented for the best Ph.D. thesis 
awarded in Canada during the previous year in an area of research supported by CHCCS/
SCDH; the annual CHCCS/SCDH Achievement Award, presented to a Canadian who has 
made substantial research contributions to computer graphics, visualization or human�com�
puter interaction; and the CHCCS/SCDH Service Award, presented to a Canadian who has 
rendered substantial service contributions to the society or the research community. 

Each year the Awards Committee receives nominations and selects a winner of the 
Achievement Award and, from time to time, a winner of the Service Award. At this year’s con�
ference we will provide an Achievement Award to Marilyn Mantei, a pioneer in Computer� 
Supporter Co�operative Work. I wish to thank the Awards committee, which consists of

Richard Bartels, University of Waterloo (emeritus), Chair,
Kellogg Booth, University of British Columbia, and
Eugene Fiume, University of Toronto,
for their efforts in finding a well�deserving recipient.
This year’s winner of the Alain Fournier Award is Tiberiu Popa. I would like to thank 

Pierre Poulin, who judged several excellent theses that were submitted for the award. 
The Annual General Meeting of CHCCS/SCDHM is held every year during the Graphics 
Interface conference, to review the previous year’s activities and elect the executive commit�
tee. Current members of the executive committee are

Bill Cowan, University of Waterloo, President,
Kellogg Booth, University of British Columbia, Past President,
Pierre Poulin, Université de Montréal, Vice President,
Stephen Mann, University of Waterloo, Treasurer,
Ted Kirkpatrick, Simon Fraser University, Editor�in�Chief, and
James Stewart, Queen’s University, Webmaster.
All Graphics Interface attendees are invited to attend the General Meeting, or to contact 

any member of the executive committee about CHCCS/SCDHM.
On behalf of the society, and of all those who have worked to put on this year’s confer�

ence, I extend a warm welcome to all the attendees of AI/CRV/GI 2010. I also wish to thank 
Sylvie Noël and David Mould, the co�chairs of the program committee, along with the com�
mittee members and referees who created the conference program. And most important I 
wish to thank all the authors who submitted their research.Without their commitment there 
would be no conference.

President’s Welcoming Letter 

Bill Cowan
David R. Cheriton School 
of Computer Science                                      
University of Waterloo, Canada

           Canadian Human Computer Communications Society /                                                                                                                                                
           Société Canadienne du Dialogue Humaine Machine 
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You are holding the proceedings for Graphics Interface 2010. Graphics Interface is the oldest 
continuously�scheduled conference in computer graphics and human�computer interaction, 
now in its 36th year; the conference dates back to 1969, when it was the “Canadian Man�
Computer Communications Seminar”. Graphics Interface was given its present name in 
1982.  In 2010, Graphics Interface takes place in Ottawa, from May 31 toJune 2.

The program for Graphics Interface 2010 features 33 regular papers and two short 
papers. We received 88 submissions and had some difficult decisions in arriving at the final 
selection. This year, there was a surge in papers submitted to the Interface track, resulting in 
a final program with a slightly stronger emphasis on HCI. Both tracks had similar accept�
ance rates: 39% for the HCI track and 44% for the graphics track.

The GI committee comprised 26 experts from graphics and HCI. With rare exceptions, 
each paper was formally reviewed by two committee members and at least two external 
reviewers, and often received informal reviews from more. A fully double�blind reviewing 
process was used: the identity of the paper authors was known only to the program commit�
tee chairs and to the primary committee member assigned to the submission. We thank the 
program committee and the external reviewers for ensuring rigor and integrity in the review�
ing process.

We are proud to include keynote talks from two invited speakers, Catherine Plaisant, 
University of Maryland, and Jos Stam, Autodesk. Both speakers are well known for their 
exemplary contributions to their disciplines. Also, our congratulations to Marilyn Tremaine, 
Rutgers University, this year’s recipient of the Canadian Human�Computer Communication 
Society’s Achievement Award.

We would like to thank various people who contributed to the behind�the�scenes con�
ference organization, especially Steve Mann, Bill Cowan, Kelly Booth, and Meghan Haley. 
Thanks go out to the local organizers, Robert Laganierre, Jochen Lang, and WonSook Lee.
We would also like to thank Eugene Fiume, Carolyn Ursabia, and Koji Yatani  for their help 
organizing the in�person committee meeting at the University of Toronto. Lastly, we owe a 
great debt to James Stewart and Precision Conference Solutions for handling the electronic 
submission and review system; James’s patience and responsiveness made the process run as 
smoothly as we could have hoped.

For further information about the conference series, you can visit the official web site, 
http://www.graphicsinterface.org.

Preface

David Mould
School of Computer Science                                                    
Carleton University, Canada

Sylvie Noël
Networked Media Lab
Communications Research Centre 
Canada

A Message from the Program Co�chairs
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Michael A. J. Sweeney Award 2010

           Canadian Human Computer Communications Society /                                                                                                                                                
           Société Canadienne du Dialogue Humaine Machine 

The CHCCS/SCDHM honours the memory of Michael A. J. Sweeney through an annual award to the best student paper(s) 
presented at each year’s Graphics Interface conference. The winning paper(s) selected by the program committee are chosen 
from among the papers accepted for the conference for which one or more student authors are presenting the paper.

Graphics 2010 Award Winner

“Interactive Illustrative Visualization of Hierarchical 
Volume Data” by Jean�Paul Balabanian, Ivan Viola, Eduard 
Gröller.

Biographies

Jean�Paul Balabanian defended his Ph.D., “Multi�Aspect 
Visualization: Going from Linked Views to Integrated 
Views”, at the University of Bergen in January 2010. He 
works now as a consultant at Statoil in Bergen, Norway. 
His research interests include computer graphics, illustra�
tive visualization, and integrated visualization.

Eduard Gröller is an associate professor at the Vienna 
University of Technology, Austria, and adjunct professor 
of computer science at the University of Bergen, Norway. 
His research interests include computer graphics, flow visu�
alization, volume visualization, medical visualization, and 
information visualization. He has co�authored more than 
175 scientific publications and acted as a co�chair, IPC 
member, and reviewer for numerous conferences and jour�
nals in the field. Dr. Gröller is currently Chief Editor of the 
Computer Graphics Forum journal.

Ivan Viola is an associate professor at the University 
of Bergen, and Scientific Adviser at Christian Michelsen 
Research, Bergen, Norway. He received his M.Sc. in 
2002 and Ph.D. in 2005 from the Vienna University of 
Technology, Austria. His research is focused on the appli�
cation of illustrative visualization to communication of 
complex scientific data. Dr. Viola co�authored several sci�
entific works published in international journals and con�
ferences such as IEEE TVCG, IEEE Visualization, and 
EuroVis, and acted as a reviewer and IPC member for 
conferences in the field of computer graphics and visuali�
zation. He is a member of Eurographics, NorSIGD, IEEE 
Computer Society, and VGTC.

HCI 2010 Award Winner

“Visual Links across Applications” by Manuela Waldner, 
Werner Puff, Alexander Lex, Marc Streit, Dieter 
Schmalstieg.

Biographies

Manuela Waldner is a Ph.D. candidate at the Institute 
for Computer Graphics and Vision at Graz University 
of Technology, Austria. She received her master’s degree 
in Digital Media from the Upper Austria University of 
Applied Sciences. Her research interests include human�
computer interaction and computer�supported cooperative 
work, in particular for multi�display environments, as well 
as collaborative information visualization.

Werner Puff is a research assistant at the Institute 
for Computer Graphics and Vision at Graz University of 
Technology. He received his master’s degree in Technical 
Mathematics � Computer Sciences from Graz University of 
Technology. His research interests include software devel�
opment in distributed systems and web technologies.

Alexander Lex studied in Graz, Austria and Hamilton, 
Canada and received his bachelor’s and master’s degree 
in computer science from Graz University of Technology 
where he is now involved in the Caleydo project as a 
Ph.D. candidate. His research interests are InfoVis, Visual 
Analytics, HCI and Bioinformatics. When he is not in the 
lab he enjoys traveling and riding his snowboard in the 
Austrian mountains.

Marc Streit is a Ph.D. candidate at the Institute for 
Computer Graphics and Vision at Graz University of 
Technology, Austria. He received his master’s degree in 
computer science from the Graz University of Technology 
in 2007. His research focuses on the Caleydo project (www.
caleydo.org) where he works on topics including informa�
tion visualization, visual analytics and bioinformatics.

Dieter Schmalstieg is full professor of Virtual Reality 
and Computer Graphics at Graz University of Technology 
(TUG), Austria, where he directs the “Studierstube” 
research project on augmented reality. Dieter Schmalstieg 
received the Dipl.�Ing., Dr. techn., and Habilitation degrees 
from the Vienna University of Technology in 1993, 1997, 
and 2001. His current research interests are augmented 
reality, virtual reality, real�time graphics, 3D user interfaces, 
ubiquitous computing, and information visualization.

Best Student Paper 2010
In Memory

Michael A. J. Sweeney, 1951�1995
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Alain Fournier Award 2009

           Canadian Human Computer Communications Society /                                                                                                                                                
           Société Canadienne du Dialogue Humaine Machine 

On August 14th, 2000, Dr. Alain Fournier passed away. He was a leading international 
figure in computer graphics, and a strong and frequent contributor to the Graphics Interface 
conference. His insights, enthusiasm, wisdom, vast knowledge, humour, and genuine friend�
ship touched everyone he met.

The “Alain Fournier Memorial Fund” was created to celebrate his life, to commemo�
rate his accomplishments, and to honour his memory. It rewards an exceptional computer 
graphics Ph.D. thesis defended in a Canadian University over the past year. The winning 
thesis is selected through a juried process by a selection committee consisting of accom�
plished researchers in computer graphics. 

For more information about the “Alain Fournier Memorial Fund”, and information 
about donation, please visit http://www.cs.ubc.ca/~fournier.

Previous Award Recipients
2008 Samuel Hasinoff
2007 Abhijeet Ghosh
2006 Celine Latulipe
2005 Michael P. Neff

Tiberiu Popa

University of British Columbia, 
Canada

CHCCS/SCDHM Alain Fournier 
Award Recipient 2009

This year, Tiberiu Popa is the recipient of the Alain Fournier 
Ph.D. Thesis Award. His thesis, entitled “Capturing and 
Modeling of Deformable Objects”, made several outstand�
ing research contributions to computer graphics.

He completed with distinction his Honours Co�op 
Bachelor of Mathematics in Computer Science, his Master 
of Mathematics under the supervision of Professor Michael 
McCool, both degrees at University of Waterloo, and 
his Ph.D. in Computer Science at University of British 
Columbia under the supervision of Professor Alla Sheffer. 
As a graduate student, Tiberiu won the first place of the 
ACM Student Research Competition in 2005, and received 
several scholarships. He was also involved in peer review 
of papers for several conferences and journals. After his 
Ph.D., Tiberiu joined the Computer Graphics Laboratory 
at ETH Zurich as a postdoctoral researcher under the 
supervision of Professor Markus Gross.

Tiberiu’s thesis demonstrates considerable work in the 
area of acquisition, modeling, and visualization of deform�
able objects. The accomplished research covers each stage, 
with numerous and original contributions. The Ph.D. dis�
sertation is well organized, easy to read, while presenting 
precisely and clearly all the work, showing the candidate’s 
discernment.

In addition, several high quality publications have 
been produced; the candidate also received great recogni�
tion from the research community with an invitation to 
publish his work in a special issue of a journal and a best 
poster award.
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The CHCCS/SCDHM Achievement Award is presented periodically to a Canadian 
researcher who has made a substantial contribution to the fields of computer graphics, 
visualization, or human�computer interaction. Awards are recommended by the CHCCS/
SCDHM Awards Committee, based on nominations received from the research commu�
nity. The 2010 members of the Awards Committee are Richard Bartels, Eugene Fiume, 
and Kellogg Booth.

Marilyn Tremaine

Rutgers University, Canada

CHCCS/SCDHM Achievement   
Award Recipient 2010

Professor Marilyn Tremaine of Rutgers University has 
been a major contributor to the field of Computer�Human 
Interaction for almost as long as this field has existed. 
Beginning with her first publication in this area in 1979, she 
has nearly 80 refereed publications to her credit on topics 
that include computer�supported collaboration, effective 
data�base usage, interface formalization and design, assis�
tive systems for the impaired and for rehabilitation, quan�
titative analysis of interaction methods, real�time indexing 
for video conferencing, tactile and audio modes of inter�
action, multi�modal interaction, comprehension of visuali�
zations, distance communication and team structure issues 
relating to global software development, and time manage�
ment tools.

In the course of her research she has advised and suc�
cessfully graduated 14 Ph.D. and over 20 M.S. students. 
Professor Tremaine obtained her M.S. in 1978 and her 
Ph.D. in 1982 from the University of Southern California. 
She has been on the faculty of the University of Michigan as 
Assistant Professor of Computer and Information Systems 
from 1979 through 1986, the University of Toronto as 
Associate Professor of Computer Science from 1988 
through 1997, Drexel University as Professor of Computer 
and Information Systems from 1997 through 2001, and the 
New Jersey Institute of Technology as Professor and Chair 
of information Systems from 2001 through 2005, where she 
is now Professor Emerita. During these last two appoint�
ments, she has been Research Professor in the Center for 
Advanced Information Processing with Rutgers University 
from 1997 to the present. She has also held research pos�
tions with EDS, Carnegie�Mellon University, Xerox PARC, 
and Lawrence Berkeley Labs.

Professor Tremaine has been a trail blazer in the field 
of HCI and a pioneer in applying digital media to a variety 
of problems. She has been a mentor to multiple generations 
of students, and a leader in establishing HCI as a legiti�
mate field of research, both within computer science and 
on its own as a highly multidisciplinary activity that goes 
well beyond traditional boundaries. She has made seminal 
contributions via both research and professional leader�

ship to the emerging field of computer�supported coopera�
tive work; carried out significant research into telepresence 
and video collaboration environments, and helped educate 
the human�computer interaction community on survey and 
interview methods.

During her distinguished career she established the 
HCI program at the University of Michigan, helped build 
the field of HCI at the University of Toronto and indi�
rectly across Canada, developed one of the pioneering 
computer�supported meeting facilities for EDS, and headed 
the CAVECAT, Jabber and Nonspeach projects at the 
University of Toronto, for video desktop conferencing, real�
time indexing of meetings, and investigating audio inter�
face design, respectively. At Rutgers and the New Jersey 
Institute of Technology she has focussed on multi�modal 
interfaces, visualization, assistive systems and teamwork at 
a distance in software development. She is Vice President 
of Usability New Jersey. As one of the original founders 
of ACM SIGCHI in 1982 and the annual CHI confer�
ences, and as SIGCHI Chair during 1999�2002, she has 
a long record of support and encouragement for human�
computer interaction. This includes numerous important 
positions over the years in SIGCHI and other organiza�
tions, notably as Vice�Chair of Communications, Chair 
of the Advisory Council, Vice�Chair of Finance and Chair 
of the SIG SIGCHI Education, member of the SIGCHI 
Curriculum Development Committee, member of the 
SIGCHI Executive Committee Advisory Board, Chair of 
the Graphics Interface Technical Program, Chair of confer�
ences on human factors, on computer supported coopera�
tive work, on computer assistance and usability. She serves 
regularly on paper selection committees and on several edi�
torial boards for journals.
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Invited Speaker

Abstract

After an overview of visualizations to explore temporal pat�
terns, we will focus on interfaces for discovering temporal 
event patterns in electronic health records.  Specifying event 
sequence queries is challenging even for skilled compu�
ter professionals familiar with SQL. Our novel interactive 
search strategies allow for aligning records on important 
events, ranking, and filtering combined with grouping of 
results to find common or rare events. A second approach 
is to use query�by�example, in which users specify a pattern 
and see a similarity�ranked list of results, but the similar�
ity measure needs to be customized for different needs. 
Temporal summaries allow comparisons between groups.  
We will discuss the methods we use to evaluate the use�
fulness of our interfaces through collaborations with clini�
cians and hospital administrators on case studies.  Finally, 
application of the techniques to other domains will be dis�
cussed.

Biography

Dr. Catherine Plaisant is a senior research scientist at the 
University of Maryland, and associate director of research 
at the Human�Computer Interaction Lab. She earned 
a Doctorat d’Ingénieur degree in France in 1982 and 
has written over 100 refereed technical publications on 
diverse subjects such as information visualization, digital 
libraries, universal access, image browsing, help, digital 
humanities, technology for families, or evaluation method�
ologies.  Catherine is a co�author with Ben Shneiderman 
of “Designing the User Interface: Strategies for Effective 
Human�Computer Interaction” (5th ed. March 2009). The 
work presented in this talk has been conducted jointly with 
Professor Ben Shneiderman and graduate students David 
Wang and Krist Wongsuphasawat.

Exploring Temporal Patterns with Information Visualization

Catherine Plaisant

Human Computer Interaction Lab

University of Maryland, USA

For more information, please visit: http://www.cs.umd.edu/hcil/members/cplaisant and http://www.cs.umd.edu/hcil
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Invited Speaker

Nucleus: A Framework for a Unified Dynamics Solver

Jos Stam

Senior Research Scientist                                                                                                             

Autodesk, Inc.

Abstract

The convincing simulation of interacting deforma�
ble objects is hard to achieve using traditional anima�
tion techniques such as key�framing alone. Therefore, 
there is a need in computer graphics to rely on physics�
based dynamics solvers. Instead of specifying exact poses 
through key frames an animator specifies material proper�
ties of the objectís and external forces. Given this informa�
tion the dynamics solver then ideally computes snapshots 
of the states of all the objects over fixed time�steps. Most 
current solvers are fine tuned for a specific effect such as 
rigid bodies and cloth. Resolving interactions between such 
solvers can become problematic. For example, imagine a 
rigid body like a soccer ball being kicked in a goal. There 
will be a two way interaction between the ball and the net. 
Achieving this effect by connecting a rigid body solver to 
a curve�based solver for the goal net can be problematic. 
In this paper we present a solver that tries to resolve these 
interactions simultaneously.

We describe both how we model different shapes of 
matter and how we simulate them. We decided to use a sim�
plicial complex for our shape model as it includes points, 
curves, surfaces and solids in a unified framework. For the 
simulation part we use a space�time based approach for the 
collisions and a constraint based approach to account for 
deformations. This approach results in simulations that are 
stable for stiff materials such as cloth.
By allowing various elements of matter to interact in 
this manner we get interesting emergent behaviors. Even 
though each interaction is simple more complex behaviors 
emerge. For example a flapping flag can be simulated using 
a simple directional wind field and an inextensible piece of 
cloth. The flapping behavior emerges from the drag and 
lift constraints battling the stretch constraint. The behav�
ior emerges without the need for a complicated air flow 
model. Throughout our research we emphasize simplicity 
as it vastly reduces the amount of code and consequently 
the amount of potential bugs. This is not just an aesthetic 

bias on our part rooted in a desire to achieve mathemati�
cal elegance. In practice adhering to this principle results in 
more robust and stable commercial products.

Reference:
Jos Stam, “Nucleus: Towards a Unified Dynamics Solver 
for Computer Graphics”, Proceedings of the 11th IEEE 
International Conference on Computer�Aided Design 
and Computer Graphics, August 19�21, 2009, Yellow 
Mountain, China, pp. 1�11.

Biography

Jos Stam was born in the Netherlands and educated in 
Geneva, Switzerland, where he received dual Bachelor 
degrees in computer science and pure mathematics. In 1989, 
Stam moved to Toronto where he completed his Masters 
and Ph.D. degrees in computer science. After that he 
pursued postdoctoral studies as a ERCIM fellow at INRIA 
in France and at VTT in Finland. In 1997 Stam joined the 
Alias Seattle office as a researcher and stayed there until 
2003 when relocated to Alias’ main office in Toronto. Stam 
was employed by Autodesk as a Senior Research Scientist 
as part of Autodesk’s acquisition of Alias in 2006.

Stam’s research spans several areas of computer graph�
ics: natural phenomena, physics�based simulation, render�
ing and surface modeling, especially subdivision surfaces. 
He has published papers in all of these areas in journals 
and at conferences, most notably at the annual SIGGRAPH 
conference. In 2005 Stam was awarded one of the most 
prestigeous awards in computer graphics: the SIGGRAPH 
Computer Graphics Achievement Award. Stam also won 
two Technical Achievement Awards from the Academy of 
Motion Picture Arts and Sciences: in 2005 for his work 
on subdivision surfaces and in 2007 for his work on fluid 
dynamics. He was also featured in a January 2008 Wired 
magazine article. 


