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ABSTRACT 

Rounds and fillets are important design features.  We 
introduce a new point-based method for constant radius 
rounding and filleting.  Based on the mathematical definitions 
of offsetting operations, discrete offsetting operations are 
introduced.  Steps of our approach are discussed and analyzed.  
The methodology has been implemented and tested. We present 
the experimental results on accuracy, memory and running time 
for various input geometries and radius. Based on the test 
results, the method is very robust for all kinds of geometries. 
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1 INTRODUCTION 

Rounds and fillets are transitional faces found in most 
machined, cast and molded parts.  They are important 
mechanical design features which serve to relieve stress 
concentration, to simplify fabrication, or simply to improve 
appearance.  Currently most commercial CAD packages have 
rounding and filleting functions.  However, we noticed these 
functions are not reliable for imported triangle meshes and 
translated CAD models.  We also noticed, even for native CAD 
models, the functions will fail for some geometry with 
intersected concave features. 

Adding fillets and rounds in a CAD model can be difficult 
because it involves not only geometrical calculations but also 
topological modifications.  In recent years, more and more 
applications utilized volumetric representations based on voxels 
(Kaufman, Cohen et al. 1993) and points (Pauly, Keiser et al. 
2003) (Adams and Dutre 2003). Volumetric representations are 
attractive due to some of their unique properties.  For example, 
Boolean operations are inherently simple, robust, and 
insensitive to model complexity; and surfaces with highly 

complex topology can be represented easily and the global 
consistency of the surface is guaranteed in reconstruction.   

In this paper, we present a filleting and rounding method 
based on a set of sampling points.  We chose polygonal meshes 
as our input models because they can be easily converted from 
other CAD formats or acquired by using 3D scanners.  The 
main process of our approach illustrated by a simply example is 
presented in Figure 1.  An input polygonal model shrinks by a 
ball of radius r followed by growing the temporary result with 
the same ball.  The generated polygonal model is the input 
model with fillets.  A point-based method is used in both 
shrinking and growing processes.  

Our method has a sound mathematical basis and is very 
robust regardless of the input geometries.  Besides adding 
fillets and rounds, our method can also be utilized to identify 
non-manufacturable features for a given size tool and possible 
interference between cutting tools and models.  

2 REVIEW OF RELATED WORK 

Many prior works studied the plane continuity of filleting 
and rounding based on Bezier and NURBS surface 
representation (Elber and Cohen 1997). Rossignac and 
Requicha (1986) studied filleting and rounding based on 
regularized sets and presented their relations to surface 
offsetting.  However, most earlier work on surface offsetting 
such as (Rossignac and Requicha 1986) (Farouki 1985) (Satoh 
and Chiyokura 1991) (Frosyth 1995) all offset surfaces of 
models first, then trim or extend these offset surfaces to 
reconstruct a closed 3D model.  Due to the complexity of 
trimming and extending operations, the approach is difficult to 
implement robustly. 

Some alternative representations and approaches were 
studied and presented before. 

A ray representation method was presented in (Hartquist, 
Menon et al. 1999), which is a set of line segments that lie 
inside the solid and are generated by clipping a regular grid of 
lines against a solid model.  Hartquist et al. proposed the 




