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SUMMARY OF PROPOSAL / RESUME DE LA PROPOSITION

In the space provided below, state the objectives of the proposed Dans I'espace prévu ci-dessous, énoncez les objectifs du projet de
research project and summarize the scientific approach, highlighting the recherche proposé et résumez la démarche scientifique, en soulignant
novelty and expected significance of the work to a field or fields in the I'originalité et I'importance prévue des travaux dans un ou plusieurs
natural sciences and engineering. Note that NSERC supports research domaines des sciences naturelles ou du génie. Veuillez noter que le

in the natural sciences and engineering (other than the health sciences). CRSNG appuie la recherche dans le domaine des sciences naturelles
et du génie, a I'exception des sciences de la santé.

In my 2010 Science article, | coined the term 'virtual practical effects to describe a steadily emerging way for
technical artiststo create digital effects for film: supported by physics-based simulations of adequate fidelity,
they can use their natural intuition to virtually build ‘physical’ mechanismsto create the desired effects. Thisis
much more productive than than laboriously modelling everything at alow level. For example, synchronized
crashing ocean waves in Avatar were produced by virtual wave generators modelled after the real thing,
running in aphysical smulation of the water | helped write.

The scope in which artists can work thisway is now still quite limited. This research program will push the
frontiers of how capable and usable physics-based simulators can be, extending both what can be modelled
(e.g. more detailed fluid-solid interaction, surface-tension-dominated scenarios) and the scale of what is
tractable (e.g. tackling violent ocean storms with detailed interaction between water and characters). Primarily
thiswill involve advancesin core numerical and geometric algorithms together with devel opment of the right
mathematical models of the phenomena in question, but effective high-performance parallel implementation
will also play an important role.

Some of the projects | will work on have a computational geometry flavour, such as provably robust collision
resolution and more effective surface tracking using dynamic meshes. Others will be more in line with
numerical linear algebra and optimization: flexible linear and nonlinear (but Jacobian-free)
conjugate-gradient-like solvers appropriate for parallel black-box multiphysics coupling, algebraic domain
decomposition preconditioners for fluid-solid interaction and other multi-domain problems. Others will
involve more work on the modeling level, but also involve interesting numerical methods for solving partial
differential equations:. vortex sheet methods for fluid flow and their coupling with solid mechanics, boundary
element methods for fracture mechanics. Throughout there will be afocus on the nontraditional needs of the
application to computer animation, with system-related requirements (such as the nature of the user interaction)
informed by my strong connections to the visual effects industry.
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REFEREE SUGGESTIONS / EXAMINATEURS SUGGERES
Before completing the following section, refer to the instructions. Avant de remplir la section suivante, consultez les instructions.
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in which it is written. langue de présentation.
BY THE APPLICANT iArea(s) of expertise BY THE EVALUATION GROUP
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Georgia Ingtitute of Technology 'animation. fluid
85 5th Street NW | simulation
Atlanta, GA, UNITED STATES 303320760 !
1(770) 492-1219 |
turk@cc.gatech.edu l
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Cdlifornia Institute of Technology l physics-based '
MS 305-16, California Inst. Technology ' animation. discrete
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Robert Bridson: Contributions

Refereed Journal Articles

[J1] Schecter, H. and Bridson, R., Ghost SPH for animating water, accepted to ACM Trans. Graph.:
Proc. SIGGRAPH 2012, 8 pages.

[J2] Brochu, T., Edwards, E., and Bridson, R., Efficient geometrically exact continuous collision detection,
to appear in ACM Trans. Graph.: Proc. SIGGRAPH 2012, 7 pages.

[J3] Boyd, L. and Bridson, R., MultzFLIP for energetic two-phase flud simulation, ACM Trans. Graph.
31(2), 2012, 12 pages.

[J4] Edwards, E. and Bridson, R., 4 high-order accurate particle-in-cell method, Intl. J. Numerical
Methods in Engineering, 2012, 20 pages.

[J5] Nielsen, M. and Bridson, R., Guide shapes for high resolution naturalistic liguid simulation, ACM
Trans. Graph. 30 (3): Proc. SIGGRAPH, 2011, 7 pages.

[J6] Brochu, T., Batty, C., and Bridson, R., Matching fluid simulation elements to surface geometry and
topology, ACM Trans. Graph. 29 (3): Proc. SIGGRAPH, 2010, 9 pages.

[J7] Brochu, T. and Bridson, R., Robust topological operations for dynamic explicit surfaces, SIAM J. Sci.
Comput. 31 (4), 2009, pp. 2472-2493.

[J8] English, E. and Bridson, R., Animating developable surfaces using nonconforming elements, ACM
Trans. Graph. 27 (3): Proc. SIGGRAPH, 2008, 5 pages.

[J9] Bridson, R., Hourihan, J., and Nordenstam, M., Curl-nouse for procedural fluid floww, ACM Trans.
Graph. 26 (3): Proc. SIGGRAPH, 2007, 3 pages.

[J10] Batty, C., Bertails, F., and Bridson, R., 4 fast variational framework for accurate solid-fluid coupling,

ACM Trans. Graph. 26 (3): Proc. SIGGRAPH, 2007, 7 pages.

Refereed Conference Papers

[C1] Brochu, T., Keeler, T., and Bridson, R., Linear-time smoke animation with vortex sheet meshes,
Proc. ACM/Eurographics Symp. Comp. Anim., 2012, 6 pages.

[C2] Misztal, M. K. Erleben, K., Bargteil, A., Fursund, J., Christensen B. B., Baerentzen, A., Brid-
son, R., Multiphase flow of immuscible fluids on unstructured moving meshes, Proc. ACM/Eurographics
Symp. Comp. Anim., 2012.

[C3] Bhatacharya, H., Nielsen, M., and Bridson, R., Steady state Stokes flow interpolation for fluid control,
to appear in Eurographics 2012, 4 pages.

[C4] Misztal, M. K., Bridson, R., Erleben, K., Baerentzen, A., and Anton, F., Optimization-based
Sluid simulation on unstructured meshes, Proc. Virtual Reality Interaction and Physical Simulation
(VRIPHYS), 2010, 10 pages.

[C5] Batty, C. and Bridson, R., Accurate viscous free surfaces for buckling, coiling and rotating liquids, Proc.
ACM/Eurographics Symp. Comp. Anim., 2008, pp. 219-228.

[C6] Schechter, H. and Bridson, R., Evolving sub-grid turbulence for smoke animation, Proc. ACM/Eurographics
Symp. Comp. Anim., 2008, 7 pages.
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[C7] Bridson, R., Fast Poisson disk sampling in arbitrary dimensions, Proc. ACM SIGGRAPH Sketches
(abstracts), 2007.

Refereed Conference Posters

[P1] Bridson, R., SpikeNav: using stylus tlt in three-dimensional navigation, ACM UIST Posters, 2009.

[P2] Brochu, T. and Bridson, R., Animating smoke as a surface, ACM/Eurographics Symp. Comp.
Anim. Posters, 2009.

[P3] Tsiknis, D. and Bridson, R., Cloth animation through unbiased strain limiting and physics-aware sub-
dwision, ACM/Eurographics Symp. Comp. Anim. Posters, 2006.

[P4] Brochu, T. and Bridson, R., Fluid animation with explicit surface meshes, ACM/Eurographics
Symp. Comp. Anim. Posters, 2006.
Refereed Conference Course Notes

[N1] Bridson, R. and Mueller-Fischer, M., Fluid simulation, ACM SIGGRAPH Course Notes, 2007,
93 pages.

[N2] Bridson, R., Mueller-Fischer, M., and Guendelman, E., Fluid simulation, ACM SIGGRAPH
Course Notes, 2006, 113 pages.

Invited Journal Articles

(I1] Bridson, R. and Batty, C., Computational physics in film, Science, 2010 September 24: 330 no.
6012, pp. 1756-1757.

Books

[B1] Bridson, R., Fluid simulation _for computer graphics, 2008, A. K. Peters Ltd., 246 pages.



