Effective Computational Geometry References for Nef Polyhedra

Lutz Kettner Kurt Mehlhorn Elmar Schömer

February 21, 2002

Definition and Theory of Nef Polyhedra

A good detailed introduction with examples is in Bieri’s paper [Bie95]. Good but compact introductions are in Dobrindt’s et al. publication [DMY93a] (also appeared as technical report [DMY93b]), and in Michael Seel’s PhD thesis describing (among others) the 2D Nef implementation and infimaximal frames [See01b], or his detailed technical report that contains the full implementation and its documentation [See01a]. The original foundation is from Walter Nef with his (German) book [Nef78].

Edge-based Data Structures for 2D Nef

The overview presented in class can be found in my paper [Ket99]. The original references for the various data structure are: Winged edge data structure [Bau75] and original DCEL (doubly connected edge list) [MP78]. Halfedges [Wei85, Män88] and current understanding of DCEL [dBvKOS97]. Quad-edge data structure [GS85].

C++ Template Techniques

The material presented was (mostly) taken from my course notes of an Algorithm Library Design Course, see <http://www.mpi-sb.mpg.de/~kettner/courses/lib_design/notes/

>. For the Standard Template Library the online documentation <www.sgi.com/tech/
stl/> can be recommended as well as the good book by Austern [Aus98]. More references

are also in my lecture notes. The full design for a halfedge data structure is described in one of my papers [Ket99].

Infimaximal Frames

Taken from the technical report by Michael Seel and Kurt Mehlhorn [SM00].

Implementation of 2D Nef

The implementation of 2D Nef in CGAL by Michael Seel is described (among others) in his PhD thesis [See01b]. It contains, for example, the infimaximal frames, the sweep line algorithms for the overlay computation, the simplification algorithm, etc. The detailed technical report contains the full implementation and its documentation [See01a]. The union-find data structure and its analysis are in standard text books such as Corman et al. [CLR90].

Representations for 3D Nef

Dobrindt et al. [DMY93a, DMY93b] describe a data structure similar to the sphere map (SM) data structure. Gursoz et al. [GCP90] describe earlier a data structure that similarly records the complete topology in the neighborhood of vertices. They also point out (with example) why the radial edge data structure by Weiler [Wei88] is not sufficient in describing topology. Selective geometric complexes (SGC) by Rossignac and O’Connor are similar to Nef, but for general semi-algebraic varieties [RO89]. If we assume halfspaces as varieties, we get the connected components of Nef faces as cells in their data structure. Unfortunately the paper lacks some details.

References

[Aus98] Matthew H. Austern. Generic Programming and the STL. Addison-Wesley, 1998.

[Bau75] Bruce G. Baumgart. A polyhedron representation for computer vision. In National Computer Conference, pages 589–596, Anaheim, CA, 1975. AFIPS.

[Bie95] H. Bieri. Nef polyhedra: A brief introduction. Computing Suppl. Springer Verlag, 10:43–60, 1995.

[CLR90] Thomas H. Cormen, Charles E. Leiserson, and Ronald L. Rivest. Introduction to Algorithms. MIT Press, 1990.

[dBvKOS97] Mark de Berg, Marc van Kreveld, Mark Overmars, and Otfried Schwarzkopf. Computational Geometry: Algorithms and Applications. Springer Verlag, 1997.

[DMY93a] Katrin Dobrindt, Kurt Mehlhorn, and Mariette Yvinec. A complete and efficient algorithm for the intersection of a general and a convex polyhedron. In Proc. 3rd Workshop Algorithms Data Struct., volume 709 of Lecture Notes Comput. Sci., pages 314–324, 1993.

[DMY93b] Katrin Dobrindt, Kurt Mehlhorn, and Mariette Yvinec. A complete and efficient algorithm for the intersection of a general and a convex polyhedron. Report MPI-I-93-140, Max-Planck-Institut Inform., Saarbrücken, Germany, 1993.

[GCP90] E. Levent Gursoz, Young Choi, and Friedrich B. Prinz. Vertex-based representation of non-manifold boundaries. Geometric Modeling for Product Engineering, 23(1):107–130, 1990.

[GS85] Leonidas Guibas and Jorge Stolfi. Primitives for the manipulation of general subdivisions and the computation of voronoi diagrams. ACM Transaction on Graphics, 4(3):74–123, July 1985.

[Ket99] Lutz Kettner. Using generic programming for designing a data structure for polyhedral surfaces. Computational Geometry: Theory and Applications, 13:65–90, 1999.

[Män88] Martti Mäntylä. An Introduction to Solid Modeling. Computer Science Press, Rockville, Maryland, 1988.

[MP78] D. E. Muller and F. P. Preparata. Finding the intersection of two convex polyhedra. Theoretical Computer Science, 7:217–236, 1978.

[Nef78] W. Nef. Beiträge zur Theorie der Polyeder. Herbert Lang, Bern, 1978.

[RO89] Jaroslaw R. Rossignac and Michael A. O’Connor. Sgc: A dimensionindependent model for pointsets with internal structures and incomplete boundaries. In M. Wozny, J. Turner, and K. Preiss, editors, Geometric Modeling for Product Engineering. North-Holland, 1989.

[See01a] Michael Seel. Implementation of planar nef polyhedra. Research Report MPI-I-2001-1-003, Max-Planck-Institut für Informatik, Stuhlsatzenhausweg 85, 66123 Saarbrücken, Germany, August 2001.

[See01b] Michael Seel. Planar Nef Polyhedra and Generic Higher-dimensional Geometry. PhD thesis, Universität des Saarlandes, Saarbrücken, Germany, 5. December 2001.

[SM00] Michael Seel and Kurt Mehlhorn. Infimaximal frames: A technique for making lines look like segments. Research Report MPI-I-2000-1-005, Max- Planck-Institut für Informatik, Stuhlsatzenhausweg 85, 66123 Saarbrücken, Germany, December 2000.

[Wei85] Kevin Weiler. Edge-based data structures for solid modeling in curvedsurface environments. IEEE Computer Graphics and Application, 5(1):21–40, January 1985.

[Wei88] Kevin Weiler. The radial edge structure: A topological representation for non-manifold geometric boundary modeling. In M. J. Wozny, H. W. McLaughlin, and J. L. Encarnaçao, editors, Geometric Modeling for CAD Applications, pages 3–36, Rensselaerville, NY, May 12–16 1988. IFIP, North Holland.