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Abstract—Subdivision is a method to create a smooth surface 

from a coarse mesh by subdividing the entire mesh. The conventional 
ways to compute and render surfaces are inconvenient both in terms of 
memory and computational time as the number of meshes will increase 
exponentially. An adaptive subdivision is the way to reduce the 
computational time and memory by subdividing only certain selected 
areas.  In this paper, a new adaptive subdivision method for triangle 
meshes is introduced. This method defines a new adaptive subdivision 
rules by considering the properties of each triangle's neighbors and is 
embedded in a traditional Loop's subdivision. It prevents some 
undesirable side effects that appear in the conventional adaptive 
ways.  Models that were subdivided by our method are compared with 
other adaptive subdivision methods. 
 

Keywords—Subdivision, loop subdivision, handle cracks, smooth 
surface.  

I. INTRODUCTION 
UBDIVISION surface is a smooth free-form surface 
generated by recursive rules. The surface is specified using 

coarse control mesh that approximates points lying-on a mesh 
of arbitrary topology. Mesh subdivision is firstly introduced by 
Catmull and Clark [1] and Doo and Sabin [2] in 1978 as an 
extension to curve subdivision algorithms. Recently, many 
subdivision methods have been developed following the trends 
of both Catmull and Doo, including Loop [3], Butterfly [4], and 
Kobbelt [5]. The techniques have been mainly used as 
approximation of original mesh or an interpolation of the 
original one. In the approximation, the original mesh vertices 
are repositioned at newer levels. On the other hand, the original 
mesh vertices are fixed in the interpolation. These surfaces are 
suitable for creating smooth models and are widely used in the 
modeling application and entertainment industry [6]. 

It can be seen that all techniques of surface smoothing use 
the process of global refinement at every level of subdivision. 
However, at higher levels of subdivision, the process can lead 
to heavy computational load which is undesirable and can 
prevent an application to achieve real time usages [7].  

Generally, the subdivision process is to subdivide simple 
polyhedrons to make the whole polyhedron meshes smoother.  

After several subdivision steps, the generated subdivision 
surface will be smooth enough to represent a fine shape.  

Normally, there is no need for a model to be smoothed or 
detailed in all areas. For example, subdivision of flat    surfaces     
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and subdivision triangles  smaller than a pixel do not add visual 
quality of the model. Therefore, it is more preferable if the 
subdivision restricted to some specific areas while keeping the 
visual quality. Adaptive subdivision aims at providing such a 
local subdivision rules that subdivide these high curvature 
areas. This paper will focus on doing an adaptive subdivision 
on Loop's subdivision [3] as it has simple approximation and 
creates C2 surface except at extraordinary vertices where 
surface smoothness is C1. 

Adaptive subdivision problem can be divided into two sub 
problems. First, selection criteria for subdivision must be 
defined. Second, the mesh must be re-triangulated to remove 
cracks caused by differences in subdivision depth of adjacent 
faces since these cracks prevent proper rendering and further 
processing of a surface. 

This paper addresses the second problem of adaptive 
subdivision processing. We contribute a new crack handle 
algorithm that avoids some undesirable side effects which are 
produced in previous crack removing methods while 
maintaining the low number of triangle. 

Next section will give an overview of Loop's subdivision and 
discussion on adaptive subdivisions and their drawbacks. Our 
method is introduced in Section III whereas the result and 
comparison with other algorithms are introduced in Section IV.  

II. BACKGROUND 

A. Loop’s Subdivision 
The Loop subdivision technique is a simple approximating 

face-split method for triangular meshes proposed by Charles 
Loop [3]. The method is based on the triangular meshes  which 
creates C2 continuity everywhere except at extraordinary 
vertices where continuity is C1. At each level, the input mesh is 
converted to a finer mesh by simple quadrisect operation 
followed by vertices averaging that guarantees a smooth limit 
surface. Starting from input mesh M 0, mesh M i+1 is obtained 
from splitting the faces of mesh M i  and reposition the resulting 
vertices. As the subdivision depth increases the surface 
becomes finer and the mesh resolution is enhanced. The 
geometric operator that defines new vertices' positions are 
represented by masks. Existing vi s of mesh M i  are repositioned 
as a linear combination of their neighbors i

jv . Loop’s rules 

work as follow: 
-For every vertex vi in original mesh M i , a new vertex vi+1 
called even vertex  in mesh   M i+1  is calculated by  
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V. CONCLUSION 
We proposed a new adaptive subdivision method to facilitate 

model’s surface smoothing. The new method can eliminate the 
numerous triangles and prevent some undesirable effects that 
appear in the traditional ones, and accordingly reduce the 
computational cost. 

The new proposed method can ensure that subdivided areas 
will not exceed the border triangles of high curvature areas. 
Therefore, unnecessary subdividing can be prevented and the 
Ripple effect can be avoided since the newly created T-vertices 
and O-vertices will keep changing along the subdivision 
processes. Finally, subdivision depth between each triangle will 
not exceed one level. 
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