Master's thesis proposal 2011
Student: Mathieu Sanchez
Supervisor: ???

Master's thesis proposal

1. Title:
Signed distance field representation of polygonal meshes
2. Problem:

Polygonal meshes are popular in computer graphics but they have major drawbacks. They
cannot accurately represent smooth shapes, their validity can be broken with holes and self
intersections. Moreover, it only defines the surface of an object rather than the volume which makes
certain operations very complicated if not impossible. Implicit functions and more generally FReps
can represent volumes and perform complex operations more easily, but they are less natural to
work with and user-control is more complicated.

Being able to use pre-existing polygonal mesh with the FRep functionalities require to generate a
signed distance field function. This representation of the mesh would return the distance of any
point in space to the closest point laying on the surface. Additionally, it will take negative values if
the point is inside the surface, and positive if outside.

This problem has been partly solved, however it is often a performance bottleneck and problems
may arise with open meshes, inverted normals. It is also often +++ avoid field discontinuities often
present with discrete surface representations.

3. Objective:

The primary objective of this project is to produce and implement a fast algorithm (low
complexity, parallelism) that can generate a continuous signed distance field. Additional features
could include support for non-manifold meshes and inverted normals.

4. Product:

A C++ library with a demo (metamorphosis animation).
5. Applications:

The distance fields have many applications:

e Collision detections for cloth

e Shape modelling

e Metamorphosis - dramatic change of shape and topology over time
e CAD

e Sculpting

Page 1



Master's thesis proposal 2011
Student: Mathieu Sanchez
Supervisor: ???

Bibliography
Anonymous. (2010, October 22). Signed distance function. Retrieved June 8, 2011, from Wikipedia:
http://en.wikipedia.org/wiki/Signed_distance_function

Baerentzen, J. A, & Aanaes, H. (2005). Signed Distance Computation Using the Angle Weighted
Pseudonormal. IEEE Transactions on Visualization and Computer Graphics , 11 (3), 243-253.

Erleben, K., & Dohlmann, H. (2007). Signed Distance Fields Using Single-Pass GPU Scan Conversion of
Tetrahedra. In H. Nguyen, GPU Gems 3. Addison-Wesley Professional.

Felzenszwalb, P. F., & Huttenlocher, D. P. (2004). Distance transforms of sampled functions.

Freytag, M., Shapiro, V., & Tsukanov, I. (2007). Scan and Solve: Acquiring the Physics of Artifacts.
Proceedings of the ASME .

Huang, J., Li, Y., Roger, C,, Lu, S. C., & Liou, S. Y. (2001). A complete distance field representation.
Proceedings of the conference on Visualization '01 , 247-254.

Jones, M., Baerentzen, J., & Sramek, M. (2006). 3D distance fields: a survey of techniques and
applications. Visualization and Computer Graphics, IEEE Transactions , 12 (4), 581-599.

Kadosh, A., Cohen-Or, D., & Yagel, R. (2003). Tricubic interpolation of discrete surfaces for binary
volumes. Visualization and Computer Graphics, IEEE Transactions , 580-586.

Osher, S., & Fedkiw, R. (2002). Level set methods and dynamic implicit surfaces. Springer.

Satherley, R., & Jones, M. (2001). Hybried distance field computation.

Page 2



