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The algorithm presented in this paper converts a CSG model into a representation for in
teractive display on an engineering workstation. Called Constructive Cubes, the algorithm 
extends the standard CSG-point classification algorithm and then employs a popular iso
surface generation algorithm, Marching Cubes, to generate a list of polygons that approxi
mates the surface of a CSG model. The polygons may then be interactively displayed, 
shaded and inspected on a workstation. The algorithm has many advantages over other 
CSG algorithms. It is straightforward to implement, requiring no complex surface intersec
tion calculations. The algorithm provides an inherent flexibility that allows a user to bal
ance the time/quality trade-off. It is designed to take advantage of current and future ad
vances in both visualization and engineering workstation design. 

l:INTRODUCTION 

1.1 CSG and Visualization 

Constructive Solid Geometric (CSG) modeling is a well-developed technique that com
bines simple solid primitives using spatial boolean operations to produce complex three di
mensional objects [17]. Some of the most commonly used primitives in CSG modeling are 
quadrics, superquadrics [2], and closed objects whose faces are polygons. These primitives 
can be unioned, differenced, or intersected with each other to create a variety of solid 
geometric models. The structure that is used to represent a CSG model is ordinarily a 
binary tree. The leaf nodes of the tree contain the solid primitive. A boolean operation is 
associated with each non-leaf node and a transformation matrix is associated with each arc 
of the tree. The CSG binary tree may also be derived from a directed acyclic graph. 

CSG modeling is a very powerful tool in the hands of a designer. It allows her to ra
pidly generate complex solid parts which may then be analyzed for such physical charac
teristics as manufacturability, and resistance to heat and stress. In order for the designer 
and the design process to be as productive as possible, the creation and visual inspection of 
the CSG model must occur quickly and interactively. The latest generation of engineering 




































