
  

1 INTRODUCTION 
Mesh segmentation plays an important role in geometric 
modeling and digital processing. It is used in numerous 
areas including parameterization, texture mapping, shape 
matching, morphing, multiresolution modeling, mesh 
editing, compression, animation and more. The objective of 
mesh segmentation is to partition a mesh into several 
disjoint patches whose union corresponds to original 
model. Usually, segmentation decomposes a mesh into 
some simple pieces or ones which satisfied some criteria. In 
[1], input meshes are decomposed into some planar patches. 
In [2], meshes are segmented into several kinds of simple 
geometric surfaces, including plane, sphere, cylinder, and 
etc. Spherical surfaces are commonly used in geometry 
modeling for its simplicity and good property, such as 
convex. Therefore, decomposing a given mesh surface into 
several spherical patches is useful in some applications. 
In this paper, we present a novel method for segmentation 
of surface meshes into user-specified number of 
approximated spherical patches. The algorithm maximizes 
patches’ sphericity by global optimizing the sphericity 
metrics on the mesh directly. Through it, each patch 
produced by our algorithm could be well approximated by 
spherical surfaces. Experimental results show that our 
method is fast and robust. 

2 RELATED WORK 
In recent years, many mesh segmentation methods have 
been proposed to match different types of application 
needs. According to the difference of aim, they can be 
categorized into two classes. The first class focuses on 
partitioning the object defined by the mesh into meaningful 
volumetric components[3-5]. The second class tries to 
partition the mesh into surface patches by using surface 
geometric properties. In [6-8], an object is decomposed into 
geometric primitives such as planes, cylindrical patches, 
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spherical parts, etc. Our algorithm falls in the second class 
and focuses on keeping segments planar. In many 
applications including texture mapping [9-11], building 
charts [12, 13] and geometry-image creation [14], the 
segment patch must be topologically equivalent to a disk 
and must not impose large distortion after parameterization 
onto 2D. Additionally, in remeshing or simplification[1, 
15-20], patches are usually replaced either by one or a set of 
planar polygons. As a sequence, planarity is the desired 
property of the patches in these cases.  
More recently, other types of proxies have been used to 
replace mesh patches defining different types of patch 
properties for spherical, cylindrical and rolling ball blends 
[21, 22]. Segmentation into general quadric surfaces is 
often sought in CAD for reverse engineering and modeling 
[23, 24]. For actual reconstruction and creation of physical 
models and toys, strips and quasi-developable patches are 
built in [25-27]. 
A different approach present in [2] is slippage analysis. 
Local points and regions having similar slippable motions 
are clustered to form segments. In [28], the authors use 
symmetry analysis to segment a mesh into components. 
Shlafman et al.[29] use k-means clustering to segment the 
models into meaningful pieces. Katz and Tal [30] use fuzzy 
clustering on geodesic and angular distances between 
surface elements to obtain a hierarchical mesh 
decomposition with non-jagged borders. An excellent 
survey on these methods is made in [31]. 
Our method is based on iterative clustering. Unlike 
previous techniques (In [1], the authors use a method based 
on Lloyd’s relaxation to drive the distortion error down), 
we defined a global energy which reflects the sphericity of 
segments and iteratively update the boundaries of segments 
to minimize the energy directly. Benefiting from 
simplification of the energy term, the computational cost of 
our method is very low. 

3 SPHERICITY METRIC 
Given a 3D triangle mesh M, which is defined as a tuple {V, 

E, F} of vertices { }3| ,1i iV p p R i m= ∈ ≤ ≤ , edges 
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}, ,i j i k j k≠ ≠ ≠ . We want to decompose M into n 

sub-meshes Mi, i = 0,1,…,n-1, iM M⊂  

{ }, ,i i i iM V E F= , ,i i iV V E E F F∈ ∈ ∈

i jF F = ∅� , i j≠ , here n is a number specified by the 
user. 
To make each patch Mi as spherical as possible, we need a 
metric to measure sphericity. We use the metric below to 
measure the sphericity of segment: 
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where K is the Gaussian curvature at vertex x on Mi, 

( )xρ  is a density function of Mi, iK  is the average of K 

on Mi and can be formulated as 
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Intuitively, if a surface S is a part of a sphere, the 
corresponding Ei on S equals to 0 for K remain constant on 
the whole surface of sphere. As a sequence, to make all 
patch Mi as spherical as possible, we only need to minimize 
the energy given as 
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Because iK  can be rewritten as 
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triangle Tj as sj, which can be computed as 
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triangle Tj as nj, we can rewrite the energy E as follows: 

         

2

1 2

0

j i

j i

j i

j jn t M
j j

i t M j
t M

s K
E s K

s

− ∈

= ∈
∈

� �
� �
� �

= −� �
� �
� �� �
� 	

�
� � �

.     (4) 

Therefore, to construct segmentation which maximize the 
sphericity of each segment, we only need to find a 
clustering of all faces of M, such that it minimizes (4). 

4 ALGORITHM 

4.1  Clustering construction 

Our algorithm is based on the construction of a clustering 
which minimizes (4). We propose to minimize E with an 
iterative algorithm that updates the clusters according to 

boundary tests. The algorithm is similar with [32]. As the 
boundaries of Mi is a subset of mesh edges, to find a proper 
configuration of clusters, a local test for each edge e 
between two different clusters is processed. Let us assume 
an edge e is on the boundary between two sub-meshes Mi 
and Mj and e has two adjacent triangles Tk and Tl belonging 
respectively to Mi and Mj (Fig.1). We compute E for three 
cases: 

E: Tk belongs to Mi and Tl belongs to Mj. 
E1: both Tk and Tl belong to Mi. 
E2: both Tk and Tl belong to Mj. 
Then, the case resulting in the smallest energy E is 

chosen, and the clusters configuration is updated. By 
looping all of the boundary edges between adjacent patches, 
the energy E are iteratively decreased. Because 0E ≥ , the 
convergence of our algorithm can be guaranteed. 

 
(a) 

 
(b) 

 
(c) 

Fig.1. Compute energy E ′  for three cases and the case resulting 
maximum E ′  is chosen. (a) Tk belongs to Mi and Tl belongs to Mj; (b) both 

Tk and Tl belong to Mi; (c) both Tk and Tl belong to Mj. 
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4.2 Implementation details

To build an initial cluster configuration, we randomly pick 
n triangles Ti (i = 0, 1, …, n-1) as n initial clusters. When 
iteration proceeds, we loop over all the edges on the 
boundary of patches. For any edge e on the boundary of Mi, 
if one of the adjacent triangles Tk belongs to Mi and the 
other triangle Tl does not belong to any clusters, we add Tl 
to Mi directly. Else, if Tk belongs to Mi, while Tl belongs to 
another cluster Mj ( j i≠ ), we perform the boundary test 
described in section 4.1 and update the cluster 
configuration to decrease the energy E′ . 
For an efficient implementation, we cache two values 

1
j i

j j
t M

c s K
∈

= �  and 2
j i

j
t M

c s
∈

= �  for each patch Mi when 

clustering proceeding. When a triangle Tk is added to Mi or 
removed from Mi, two delta values 1 k kc s KΔ =  and 

2 kc sΔ =  are added to or removed from c1 and c2 
respectively.  
In practice, when clustering carries on, some patches may 
be separated into several disconnected parts, which is not 
our expectation. To avoid occurrence of this situation, we 
apply a heuristic constraint to each patch Mi. When a 
triangle Tk is removed from Mi and added to another patch 
Mj (Fig.2 (a)), if it will lead to the shape of Mi's boundary 
looking like ‘ ∞ ’ (Fig.2 (b)), i.e. there is a vertex P which 
has four connected edges on the Mi's boundary, let the value 
of corresponding energy E′  be 0. It will prevent Tk from 
being removed from Mi and also prevent Mi from being 
divided into several disconnected parts. Although we use 
this method each time when energy testing, the 
computational expense of this method is low because the 
boundary information has already been cached when 
clustering. In our experience, this step is efficient and costs 
only about 10% of the total clustering time. Using this 
method, no patch will ever fall into several disconnected 
parts when clustering. 

 
(a) 

 
 (b) 

Fig.2. Preventing each segment from falling into several disconnected 
parts. Mi’s boundary is blue and Mj’s boundary is red. 

5 EXAMPLES 
We test our algorithm on several models: Dinosaur; Bunny; 
Laurent's hand. (Fig.3-5) 

Table 1 shows our results using our method. The processing 
time was measured on a low-end AT/AT compatible PC 
with Intel Celeron-M CPU 1.4 GHz and 1GB RAM 
memory. From the experimental results, we can see our 
algorithm is fast and almost real time to small models. An 
observation from our results is that the processing time is 
reduced when the number of segments increases for a given 
model. We think the main reason is that our method is 
based on face clustering and the count of the iteration steps 
increases when segment number decreases. Another 
advantage of our algorithm is that users can specify the 
count of final segments. It is an important feature to some 
applications such as mesh simplification and etc. While 
using many other segmentation algorithms, the number of 
segments can not be controlled beforehand. 
Our algorithm partitions input meshes into given number of 
spherical segments. On some meshes, minimizing our 
energy leads the sharp edges on the model to be the 
common boundaries of neighbor patches. But in some cases, 
the common boundaries of segments are not as smooth as 
we expected. It is a defect of our method, although we can 
use a post-process to improve the smoothness of the 
boundaries. We will address this issue in the future.

 
Table 1 Our results obtained for reference models 

Fig Model Face 
number 

Segment 
number 

Time 
(sec) 

Fig.3 Dinosaur 5,094 20 0.25 
Fig.4 Bunny 69,674 100 7.029 
Fig.5 Laurent's 

hand 
99,999 20 53.17 

 

6 CONCLUSION  
In this paper we present an efficient algorithm for mesh 
segmentation, which is suitable for meshes with arbitrary 
topology. By introducing an appropriate measure of 
sphericity, we convert the mesh segmentation to an energy 
minimization problem and solve it by a fast face clustering 
method. Experiments show that our algorithm is fast, 
effective and robust. In future work, we plan to improve the 
performance of the algorithm further. And also, we will 
investigate smoothing of the boundaries if it is needed in 
some cases. 

 
Fig.3. Dinosaur model with 5094 faces, which is partitioned to 20 

segments. 
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Fig.4. Bunny model with 69674  faces, which is partitioned to 100 

segments. 

 
Fig.5. Laurent’s hand model with 99999 faces, which is partitioned to 20 

segments. 
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