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ferent parts made of di�erent materials), by decomposing the space intohomogeneous parts, and then describing the way they are connected.MethodologyThis problem is treated by creating and maintaining a spatial subdivision,de�ned by a set of surface patches. The main goal is to provide a layer ofabstraction capable of hiding the geometric and topological problems whichoccur when one creates and manipulates spatial subdivisions. The study ofarbitrary spatial subdivisions extends and uni�es the techniques used in non-manifold solid modeling and allows the modeling of heterogeneous objects,such as block diagrams.A pertinent problem is: given a set of surface patches (or just patches),how can one obtain the spatial subdivision determined by these patches? Inthis work, it was implemented a software package intended to create andmaintain spatial subdivisions with generic region shapes, allowing the inser-tion of new patches in real time.This incremental procedure is a natural approach for modeling geologicalblock diagrams. The model can be generated inserting families of joint planes(rock fractures) and rock layer boundaries (called horizons), which divideregions with distinct lithological properties.Representation of spatial subdivisionsSituations where more than two faces are incident to the same edge, or manyvolumes are connected by a single vertex, are common in a spatial subdivi-sion. For this reason, its representation must be capable of storing in someway this type of condition. Several works have presented methods to repre-sent spatial subdivisions. Rossignac and O'Connor (1990) have treated thegeneral problem of representing n-dimensional objects, possibly with internalstructures. Some data structures used in nonmanifold solid modeling (Weiler,1986; Dobkins and Laszlo, 1987; Laszlo, 1987; Lienhardt, 1988) represent,in a general way, the adjacency relationships of three-dimensional objectsnot necessarily homogeneous in dimension. Here, we use the data structureproposed by Weiler (1988). 2



This data structure is known as radial-edge, because it stores explicitly thelist of faces radially ordered about an edge. The radial-edge data structureis intended to be used in nonmanifold modeling and Weiler has proved itscompleteness, which means that any adjacency relationship can be extractedfrom this representation.Weiler has also introduced a set of operators that provide a high levelmethod to access the radial-edge structure. These operators are divided intwo groups. The �rst group has operators that act on faces of a spatialsubdivision and are analogous to the (two-manifold) operators presented in(Mantyla, 1 1988). The second group has operators that are capable ofcreating wireframes and of adding faces, which are \stitched" to speci�ededges or wireframes. These are referred to as nonmanifold operators.Spatial subdivision creationA procedure which inserts surface patches in a spatial subdivision must guar-antee its topological and geometrical consistency after the insertion. Topo-logical consistency is naturally maintained by the appropriate use of theoperators on the data structure mentioned above. To achieve this, an in-coming patch must be subdivided in a set of patches, called simple patches,completely contained in regions of the subdivision.To subdivide a surface patch it is necessary to �nd the faces of the sub-division crossed by the patch and the curve segments determined in eachintersection. These segments are used to re�ne the surface patch and eachcrossed face. This re�nement can be done by inserting each curve segment inthe appropriate faces. Once both the incoming surface patch and the facescrossed by it have been subdivided, we have a set of simple patches that�t in the subdivision. Thus, the problem is now reduced to inserting newsimple patches. To reduce the complexity of the algorithms, the re�nementprocedure exploits, as much as possible, the adjacency information providedby the data structure. 3



Visualization strategyThe proposed data representation is also very helpful for model visualiza-tion. It is simple to \turn o�" (to make invisible) a block. This e�ect isaccomplished simply by not displaying the faces on the boundaries of theinvisible regions. In addition, a useful visualization tool is to provide realtime cuttings of the block diagram.The central point of this visualization strategy is to suggest the usera solidity property for the block diagram model. Although the model isrepresented in the data structure as a set of solid regions, its exhibition onthe screen is always performed by displaying the surfaces on the boundaries ofthe regions. The strategy accomplishes its objective because it automaticallycreates, in real time, �ctitious faces at the cutting planes. The colors of thecorresponding cut regions are assigned to these faces. The solidity sensationresults from the display of the �ctitious cutting faces in addition to the non-clipped surfaces. The same procedure described previously to insert a newsurface patch in a spatial subdivision is used for the creation of the �ctitiouscutting faces.AcknowledgmentsThe authors acknowledge Funda�c~ao de Amparo a Pesquisa do Rio de Janeirofor providing �nancial support, which permitted the presentation of this workat the Fourth SIAM Conference on CAGD.
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