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We present a skeleton-based approach for mapping consistently a segmentation of a source mesh to a 

target mesh. The source and target meshes are semantically similar but their geometries may be different. We 
assume that the segmentation of the source mesh and the skeleton correspondence between the meshes are 
provided. Our method first establishes the skeleton-boundary correspondence and then performs the boundary 
transfer procedure. The skeleton-boundary correspondence is useful for computing approximately the target 
boundaries. The boundary transfer procedure aims to produce the segment boundaries of the target mesh such 
that their geometric details are consistent to the ones of the corresponding source segment boundaries. We have 
applied our method for various models and compared with the state-of-the-art techniques. Our method 
computes segment boundaries of the target mesh which are similar to the ones of the source mesh. 
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1. INTRODUCTION 
 

Mesh segmentation refers to partitioning a mesh into meaningful disjoint sub-patches or parts. It is a 
fundamental technique in computer graphics. Much effort has been devoted for segmenting individual 
objects into parts. Segmenting a set of similar objects consistently is required in applications, such as object 
retrieval and object classification [10].  

Skeleton is an important object descriptor which encapsulates the structure of an object [4]. The 
skeleton correspondence between two objects establishes the matching for their similar semantic parts. 
Similar objects are likely to be segmented similarly for the matched parts as the similar semantic parts of 
the objects are likely to be segmented consistently. In this paper, we develop a skeleton-based approach for 
mesh segmentation transfer which can be applied to compute consistent segmentation for a set of similar 
objects. Given the segmentation of the source mesh and the skeleton correspondence between the source 
and target meshes, our method transfers the segment boundaries of the source mesh to the target mesh. Our 
method requires the skeleton-mesh correspondence which is useful for computing consistent segmentation. 

In the skeleton-mesh correspondence, each skeletal node corresponds to a set of mesh vertices and a 
skeletal arc consists of a set of skeletal nodes. Consider that we have a segmented mesh and its skeleton. 
Notice that a segment boundary consists of a set of vertices. Hence, the mapping between the skeletal nodes 
and the mesh vertices can be used for establishing the mapping between the skeletal nodes and the segment 
boundaries. Furthermore, the source segment boundaries can then be transferred approximately to the target 
mesh according to the skeleton correspondence. Finally, we refine the segment boundaries of the target 
mesh so that they are similar to the corresponding source segment boundaries. We have evaluated our 
method for various models and compared with the state-of-the-art techniques. Experimental results show 
that our method computes acceptable segmentation of the target meshes.  

2. RELATED WORK 

We review mesh segmentation techniques which are mostly related to our method. Mesh segmentation 
has been researched extensively [27,16,1,20,15,19,26,18,28,10,31].  Some mesh segmentation algorithms 
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partition a given mesh into patches which are satisfied with certain properties, such as volume, planarity 
and disc-like. On the other hand, there are algorithms which partition a mesh into semantic components 
based on the human perception. Readers are referred to [2,24,8] for details. Different segmentation 
algorithms may generate different segmentations for a mesh. Chen et al. [8] proposed a number of criteria 
to evaluate the similarity of two segmentations. Based on the criteria, they compared different 
segmentations to the ground truth segmentations defined by users. Consistent mesh segmentation aims to 
produce consistent segmentations for a set of meshes [28,25,31]. 

Golovinskiy and Funkhouser [10] employed rigid alignment [5] in a hierarchical clustering approach 
for consistent segmentation. Both the geometric features of individual meshes and the correspondence 
information between the set of meshes are considered. However, rigid alignment may not be able to 
correctly align the meshes in some cases, as reported in [14]. 

Kalogerakis et al. [14] proposed a scheme to compute segmentations and to assign labels for a set of 
meshes. The assignment of labels was formulated as an optimization problem and the objective function 
measured the consistency of primitives (i.e. triangles) with labels. The objective function was computed via 
a training process. Then the objective function was applied to the other meshes for computing consistent 
segmentations. Their approach handled various segmentations for a wide range of meshes. They reported 
that it took eight hours to train on a single Xeon E5355 2.66GHz processor for a database consisting of six 
training meshes of about 20K-30K faces and six labels. Our method computes consistent segmentations for 
similar objects but does not have a training process. Furthermore, our method refines the target boundaries 
so that their geometric details are as similar as possible to the ones of the corresponding source boundaries. 

Parameterization methods [22,17,23] can be adopted for establishing a mapping between two objects. 
The segmentation of one object can then be transferred to another. This kind of approach may not produce 
similar boundaries of segments between the two objects as such techniques often rely on globally 
minimizing certain kind of energies. The segment boundaries may not locate at the desired positions.   

3. PRELIMINARIES AND OVERVIEW 

We present the preliminaries and overview of our method in this section. The inputs of our method are: 
(1) two meshes (source and target), (2) their skeletons, (3) skeleton mesh correspondence and (4) the 
segmentation of the source mesh. The outputs are: (1) the segmentation of the target mesh and (2) the 
boundary correspondence between the source and target segmentation. We not only build the 
correspondence between the segment boundaries but also the points of the segment boundaries. The 
encoding of the source segmentation includes: each segment boundary consists of a set of connected edges; 
and each face of the source mesh is assigned a segment index. 

 
3.1 The Skeleton 

 
We follow the similar notation presented in [34]. A skeleton has a set of skeletal nodes and skeletal 

branches. Two directly connected skeletal nodes form a skeletal branch. The shortest path between two 
skeletal nodes is called a skeletal path. There are two types of skeletal feature nodes: junction nodes and 
terminal nodes. A junction has at least three incident branches and a terminal node has one incident branch. 
A skeletal arc is a skeletal path and it has two feature nodes which are also its two end nodes. Two 
skeletons are shown in the top row of Fig. 1. 

  
3.2 The Skeleton-Mesh Correspondence 

 
Our method exploits the skeleton-mesh correspondence to perform boundary transfer from the source 

segmentation to the target. The skeleton-mesh correspondence can be obtained by applying the method 
presented in [4] to construct the skeleton of the mesh. The method shrinks the mesh and the vertices are 
grouped as skeletal nodes during the skeletonization process. After computing the skeleton, a skeletal node 
is associated with a subset of the mesh vertices. A non-feature node is mapped to a set of vertices forming a 
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ring around the node. Furthermore, a feature node is mapped to a set of vertices around the feature node 
and they scatter over a sphere-like pattern. The bottom row of Fig. 1 shows an example. 

 

Fig. 1. Top row: two skeletons and their skeleton correspondence (color coded). Bottom row: skeleton-mesh 
correspondence. The arc vectors of the four skeletal arcs at a junction node are illustrated. 

 
3.3 The Skeleton Correspondence 

 
A variety of methods have been proposed for computing the skeleton correspondence between two 

objects [12,30,29,6,35]. Readers are referred to [32] for a comprehensive survey. In this paper, our method 
focuses on objects with similar geometries. Hence, we employ [3] to do so. The method in [3] computes a 
set of eligible skeletal nodes and then they are used to vote for the matchings between skeletal nodes. The 
matching with the highest vote count is selected as the best skeleton correspondence between the two 
objects. Hence, we also know the matched skeletal arc pairs if the end nodes of the skeletal arcs are 
matched in pairwise. An example is shown in the top row of Fig. 1. 

 
3.4 MSP function and MSP-gradient function 

                                          (a)                                                                                (b) 
Fig. 2. MSP function (a) and MSP gradient functions (b). The surface is colored from blue, green to red with increasing 
value. 

 
The minimum slice perimeter (MSP) function is employed for locating the segment boundaries along 

the corresponding skeletal arcs. We apply the method in [13] to compute the MSP function which is a 
scalar function defined on the surface of a mesh. Slices of a point q are defined as the closed intersection 
curves between the mesh and the set of planes generated by the normal to the surface in q. The MSP value 
of q, denoted as M(q), is the minimum perimeter of all slices of q. The M(q) value is approximated by 
uniformly sampling. In our experiments, we used 12 slices for each point as they are adequate for our need 
(see an example in Fig.2). The MSP gradient function represents the change rate of the local volume in the 
neighboring region. The MSP gradient of a point q is given by: 

 
| |

 ∑   , 
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where |B| is the surface area of the neighboring region B of q, e  B is the length of the part of an edge 
e inside B,  and  are the two vertices of e, and e is the unit direction along e. The region B is set as the 
1-ring triangles at q. Fig. 2 shows the results of the MSP gradient for different meshes. The magnitude of 
the MSP gradient increases at the places (e.g. junctions) where MSP values change significantly. Notice 
that the parts with different volumes can be distinguished. 

 
3.5 Overview 

Fig. 3 The segmentation transfer results (top and bottom) for the four-legged animals. The characteristics of the source 
segmentation (goat and pig) are captured and reproduced to the target models. 

 
There are two major stages in our method: skeleton-boundary correspondence and boundary transfer. 

The skeleton boundary correspondence is useful for computing approximately the target boundaries and it 
is built between segment boundaries and skeleton arcs of the source mesh. A boundary transfer procedure is 
adopted for mapping each source segment boundary enclosing a skeletal arc to the target mesh. In the 
procedure, a cylindrical parameterization is applied for mapping the regions around the source segment 
boundaries to the target mesh. Finally, we refine the segment boundaries on the target mesh such that their 
geometric details are consistent to the ones of the corresponding source segment boundaries. Fig. 3 shows 
some of our results. The interior faces of the segment regions can be computed after the segment 
boundaries are computed.  Table 1 shows the major parameters of our method. 

 
Table 1. The major parameters of our method. 

Parameter Purpose 
θ Determining local maximum of the skeletal-arc profile 

(for computing MSP-gradient-based boundaries) 
K Gaussian smoothing for denoising the skeletal-arc profile 

(Kernel Size) 
λ Searching region for target boundary refinement 

4. CONSISTENT SEGMENTATION TRANSFER  

Given the skeleton correspondence between the source and target skeletons, we transfer each source 
segment boundary enclosing a skeletal arc to the target mesh. Assume that the source arc ( , )  and 
the target arc ( , ) are matched, where  and  are the two end nodes of , and  and  are the 
two end nodes of . Besides,  and  are enclosed by the source segment boundary  and the target 
segment boundary  (to be computed), respectively. We perform four steps to transfer  to the target 
mesh so as to obtain : skeleton-boundary correspondence, construction of covering regions, boundary 
transfer, and target segment boundary refinement. 
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4.1 Skeleton-Boundary Correspondence 
 
We compute the fitting plane of  based on Principal Component Analysis [1] so that the sum of the 

squared distances from all vertices of  to the fitting plane is minimized. If the fitting plane of  
intersects with a skeletal arc  then  encloses . Assume that p( ) is the intersection point between  
and the fitting plane. An arc ratio r( ) of  with respect to  is given as: r( ) = len( , p( ))/len( , 

), where len(·, ·) is the distance between the two points on the skeletal arc . Our goal is to compute 
r( ) of the target segment boundary on bt and then compute p( ) based on r( ). A skeletal arc 
corresponds to a part of the object. Hence, the parts of the matched skeletal arcs are similar. Consider that 
the part associated with  is divided into two sub-parts based on r( ). Similarly, we can divide the part 
associated with  based on r( ). Hence, we want to compute r( ) such that the two sub-parts associated 
with  are similar to the two sub-parts associated with . To do so, we perform a skeletal-arc profile 
analysis on the skeletal arcs  and  to compute similar ghost boundaries. Then a one-to-one mapping is 
established between the matched ghost boundaries. Finally, r( ) can be computed based on proportion. 

In our case, the ghost boundaries are MSP-gradient based boundaries. We compute ghost boundaries 
based on MSP-gradient magnitude of the surface as boundaries may appear in the regions with the 
maximum of MSP-gradient magnitude. The MSP gradient magnitude of a skeletal node can be computed as 
the average MSP gradient magnitude of the associated mesh vertices, i.e. 

| |
∑ | | ∈  , where S(n) 

is the set of vertices associated with a skeletal node n and |S(n)| is the cardinality of S(n). An example is 
shown in Fig. 4. The MSP gradient magnitude on a skeletal arc is smoothened by using Gaussian 
smoothing [11] so as to eliminate unwanted details. A fuzzy region is built at each local maximum value 
using the vertices of a skeletal node [16]. The dual graph of the fuzzy region is then constructed and the 
MSP gradient-based boundary is extracted by graph cut [7]. 

 
 

 
 
Fig. 4 The skeletal-arc profile analysis: (a) deer’s neck; (b) the distribution of the MSP gradient magnitude before and after 
Gaussian smoothing; (c ) a fuzzy region around each local maximum; and (d) the MSP-gradient-based boundaries 

 
To apply the technique [7], we need to compute the capacity of each arc in the dual graph of the mesh. 

Let ai be an arc in the dual graph and ei be the common edge of the two dual faces connected by ai. The 
capacity of ai is given by: 

 ℓ
1

|  |  
, 

where   is the MSP gradient of the edge  (the average MSP gradient of its two vertices), 
ℓ  is the length of ei and  is a small constant which is set to 0.001 in our experiments. The larger 

  , the smaller the capacity of ai is. After applying [7], we obtain the MSP-gradient-based boundary 
which passes through the edges with the large magnitude of MSP gradient. Fig 5 shows the MSP gradient-
based boundaries and the given segment boundaries of two meshes. 
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Fig. 5 The ghost boundaries (red) and the given segment boundaries (green) on two models. 
 
We have computed MSP-gradient-based boundaries and then we compute p( ) for each .  Fig. 6. 

illustrate some examples for computing p( ). Denote  as the i-th MSP-gradient-based boundary of the 
source and  as the j-th MSP-gradient based boundary of the target. The cost for matching the MSP-
gradient-based boundary pair is given by: 

, + 
∑ | |∈  

Δ

∑ | |∈  

Δ
, 

where M q  is the MSP gradient of a mesh vertex q, | | and  are the numbers of the vertices of 
 and  , respectively; ΔMSP is the maximum of the MSP gradient magnitude of the vertices. We find 

the MSP-gradient-based boundary pair with the lowest cost. Assume that  and  are the arc 
ratios of the best matched source and target MSP gradient-based boundaries, respectively. There are two 
cases to consider: 

1. Case One: p( ) lies between  and p , then ; 

2. Case Two: p( ) lies between p  and , then r( ) =  
 

. 

After r( ) is computed, p( )  can be computed based on proportion, i.e. the linear interpolation on 

the skeletal arc , ,    
,  

 = r( ). Notice that in both cases, if r( ) = r(  ), we have r( ) = r( ). 

In other words, if  lies around ,  lies around , too. 
 
If the MSP-gradient-based boundaries are not found, r( ) is set as r( ). Then we compute p( ) based on 
proportion.  
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Fig. 6. Computation for the point p( ) . Top row: no MSP-based boundary is found. p( ) is computed based on 
proportion along the branches ( , ) and , . Bottom row: there are two matched MSP-based boundaries. Use 
the sub-branches (p , ) and ,  to compute p( ). 
 
 
4.2 Covering regions 

 
A covering region of a boundary consists of a set of faces and the faces cover the entire boundary. The 

covering region is used for computing and refining the target segment boundaries. We rely on two 
characteristics to construct the covering region of a source segment boundary: (1) the relative orientation 
between the fitting plane of the source boundary and its associated arc; and (2) the distances between the 
points of the source segment boundary and its associated fitting plane. To construct a covering region of Bs, 
we consider the faces of the mesh intersecting with the corresponding fitting plane. If all the faces 
intersected by the fitting plane overlap with Bs, then we simply use these faces as the initial covering 
region. However, the fitting plane may intersect with some faces of the mesh and these faces may not 
overlap with , as shown in Fig. 7(a). Assume that a set Fp contains the faces intersecting with the fitting 
plane and overlapping with . We project sample points of  to the fitting plane and construct a line 
segment at p( ) for each projected sample point (Fig. 7(b)). In our experiments, we used 16 sample points 
as acceptable results can be obtained while trading for efficiency. These line segments approximate the 
local shape of . We compute a set Fc which contains the faces closest to the end points of the line 
segments. But the faces of Fc may not be connected to each other. The Dijkstra’s algorithm is performed to 
collect the neighbouring faces to Fc and these neighbouring faces form a new set Fd. In this way, the faces 
of Fc∪Fd are connected. We use the faces of Fc∪Fd as the initial covering region, as shown in Fig. 7(c). 
The region growing method is then performed for the faces of Fc∪Fd until all the one-ring vertices of  
are covered. An example of the final covering region is shown in Fig. 7(d). 
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Fig. 7 Construct a covering region of a boundary: (a) construct a fitting plane; (b) project the points of the boundary to 
the fitting plane and construct the line segments; (c) remove the faces not overlapping with the boundary (red) ; and (d) 
refine faces (blue) around the boundary to obtain the final covering region. 

 
An arc vector of a skeletal arc generated at a skeletal junction indicates the major direction of the 

skeletal arc. To compute an arc vector of a skeletal arc at a skeletal junction, we compute an inscribed ball 
centered at the skeletal junction and the radius of the inscribed ball is the average distance between the 
skeletal junction and its associated mesh vertices. The arc vector is computed based on the portion of the 
skeletal arc inside the inscribed ball. We perform five steps to construct the covering region of , as 
illustrated in Fig. 8. First, the junction node  of  is picked as the origin of the local coordinate system. 
The x-axis is the arc vector of . We pick a unit vector ỹ which points to the direction of another skeletal 
arc connected at . Second, the z-axis and the y-axis are computed as z = x×ỹ and y = z ×x. Third, the 
source coordinate system is transferred to the target by using shape matching [21] such that the coordinate 
axes match with the arc vectors at the target joint. Fourth, the orientation of the target coordinate system is 
adjusted by aligning the x-axis to the arc vector of . Finally, the local coordinate systems are translated to 
p( ) and p( ), respectively. Based on the coordinate mapping, the fitting plane of  is then transferred 
to the target so as to obtain the fitting plane of .  

We need to take into account the shape of the corresponding parts when the line segments are 
transferred from the source boundary to the target boundary. To do so, the line segments are scaled based 
on the MSP ratio which is the ratio of the MSP value of  to the one of . They are clamped if they 
penetrate the mesh. Then we construct the covering region of  similarly as we have constructed the 
covering region of .  
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Fig. 8 Establishing the local coordinate systems on the source and target skeletal arcs. The local coordinate system at 
the source junction node is created and then it is transferred to the target junction node by using shape matching such 
that the coordinate axes are matched with the arc vectors at the target junction node. Finally, translate the origins of the 
local coordinate systems to p( ) and p( ), respectively. 

 
4.3 Boundary transfer 
 

At this stage, we describe the method to build . Assume that the covering regions of  and  are 
 and , respectively. We employ cylindrical parameterization ([33]) to parameterize  and . A 

covering region has two boundaries and they bound the internal region of the covering region. These two 
boundaries correspond to the upper and lower boundaries of a cylinder according to their arc ratios (e.g. 
upper boundary with smaller arc ratio). The internal region of the covering region corresponds to the lateral 
side of the cylinder. The cylindrical parameterization can be unfolded to a 2D plane domain. The v-
coordinates of the lower and upper boundaries are set to 0.0 and 1.0, respectively. The range of the 
parameterized coordinates (u, v) is [0, 1) × [0, 1]. 

 

Fig. 9 The parameterized orientation adjustment. (a): The y-coordinate value is chosen as the alignment value as its 
range is larger than the range of the z- coordinate values of the samples. In this case, μo is around 6/9 ; (b): The vertices 
of the boundaries are colored according to their alignment values. The u-offsets are computed for minimizing the total 
difference between the coordinates of the boundary sample points. 
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The origin (i.e. (0, 0)) of the parameterization map is set as a point of the lower boundary of the 
covering region. The parameterized covering regions of the source and target may have a large deviation in 
the U-direction. A parameterized orientation adjustment is performed to address this issue. The 
parameterized orientation adjustment can be treated as rotating the boundaries of the target cylinder so as to 
align with the boundaries of the source cylinder. After the adjustment, the vertices of the boundaries have 
the similar distribution of the coordinates, as shown in Fig. 9. The details are given as follows. All the 
boundary vertices of Cs and Ct are transformed to the local coordinate systems, respectively. 

Notice that the cylinder axis is pointing in the same direction with the x-axis of the coordinate system. 
We compute the two ranges for the y− and z− coordinates of the boundary vertices of  and . The 
coordinate with the largest range is chosen as the alignment value of all the boundary vertices. We sample 
N points uniformly from the lower boundary  of  and their parameterized u-coordinates form a N-tuple 
UB

s
 = (u1, u2, ..., uN). Similarly, we have UB

t = (v1, v2, ..., vN). Denote that V (L, u) returns the alignment 
value at the sample position whose u-coordinate is u on the boundary L. The u-offset μo ∈ [0, 1) of  is 
computed by minimizing the following function: 

 
∑ , , , 

where µ  is wrapped to [0, 1] if µ  > 1 (e.g. 1.2 is wrapped to 0.2). If the sample position is 
on an edge, the alignment value is computed by interpolating the values of the two vertices of the edge. 
After the process, we match the sample points of  to the sample points of . Notice that the vertices of 

 may lay on the edges of the target mesh. 
 

4.4 Boundary Refinement 
 
We have matched the sample points of the source and target boundaries. The final step here is to refine 

the target boundaries. Most of the mesh segmentations compute boundaries close to the local geometric 
features, such as, curvature or dihedral angle. Some techniques may compute boundaries that have short 
and smooth shapes. In our case, we want to refine the target boundaries that may follow particular patterns 
such as jagged or wavy shapes according to the corresponding source boundaries. We use snake [19] to 
refine  based on the following energy function: 

 ∈ , 

where  and  are the shape term and the feature term for a sequence of sample 
points t of , respectively.   controls the target boundary for getting close to the geometric 
features and  maintains the shape of  as similar as the shape of . The snake scheme [19] is 
adopted for searching the samples of the snake (snaxel) that locate on either the vertices or edges of the 
target mesh. We compute the corresponding point s of  for each point t of  based on equation 4. We 
then compute the offset of each point which is the distance between each boundary point and the fitting 
plane. The offset of a point is normalized by the length of the bounding box diagonal of the mesh. Assume 
μ(s) and μ(t) are the offsets of s and t, respectively. Then = |μ(s) − μ(t)|. 

To avoid the local minimum, a searching region centered at the point t is used for finding the closest 
vertex whose dihedral angle [18] is similar to s. The size of the region is defined as the longest geodesic 
distance of the mesh multiplied by a small constant (e.g. 0.02). If the searching region is too large, the 
target boundary may be drifted away. The feature energy is computed as  = geo(t, c(t)), where 
geo(·, ·) is the geodesic distance (on the mesh surface) between two points, c(t) is the closest vertex in the 
searching region of t such that |dihedral(s) − dihedral(c(t))| < λ. If there does not exist such c(t), Efeature(t) 
= 0. In our experiments, λ is set to 0.1. 

 
5 Results and experiments 
 

We present the results of segmentation transfer and the timing information in this section.  
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Results. Fig. 3 shows the two different types of segmentations for the four-legged animals and the 
corresponding segment pairs are drawn the same colors. For the top example of Fig. 3, the boundaries cross 
the legs and form the short shapes. For the bottom example, the boundaries cross the legs in the tilted 
manners and form longer shapes. We can see that the corresponding boundaries of target models have 
similar characteristics. Fig. 10 shows more segmentation transfer results. If the target model does not have 
parts corresponding to the source model (the ears of the dog and human in Fig. 10), the corresponding 
boundaries are not transferred. 
 

Fig. 10 The segmentation transfer results. The source segmentations (dog, ant, bear, bird, chair and armadillo) are on 
the left hand side of the arrows. The corresponding segment pairs are drawn in the same colors. The parameter values: 
θ = 1.5, K = 0.05, λ = 0.1. For sheep, λ = 1.0. 
 

Comparisons. We compare with the method by [10] and Fig. 11 shows the results. The results 
produced by [10] are poor for the models with large difference in shapes or poses. Our method produces 
better results since our method adopts skeleton correspondence before segmentation transfer is performed. 

 

Fig. 11 Comparison with [10] for segmentation transfer. 
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In comparing with the method by Kalogerakis et al. [14], our method is more capable of controlling 
the positions of boundaries. Notice the differences to the rightmost airplanes in Fig. 12 and the giraffes in 
Fig. 13. The seat and back of the rightmost chair in Fig. 14 form a single segment since there is no 
boundary on some pillars. The method of [14] is region-based so that it can produce segments for all the 
pillars of the chairs. Finally, we compare with the other segmentation algorithms based on the Princeton 
Benchmark [8]. The results between ”Human” and our method ”Seg Trans.” are similar to each other. Our 
method can consistently transfer the source segmentation to the target mesh. The results also show that our 
method is comparable to the other methods, including Randomized Cuts [9], Shape Diameter Function [26], 
Normalized Cuts [9], Core Extraction [15], RandomWalks [18], Fitting Primitives [1] and K-Means [27], 
as indicated in Fig 15. 

Fig. 12 The comparison with [14] on airplane models. The wings of the rightmost airplanes have difference 
segmentation types. A target segment boundary is not smooth in the second left airplane in our approach due to the 
poor alignment of the fitting plane. 
 

 
Fig. 13 The comparison with [14]. Our result is better for the giraffe. 

 
 

Fig. 14 The comparison with [14]. The seat and back chair form a single segment for the right chair. 
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Fig. 15 Princeton Segmentation Benchmark: Comparison of segmentation algorithms with four evaluation metrics. Our 
method is denoted as ”Seg Trans.” and the given segmentation is denoted as ”Human”. The four metrics: CD: Cut 
Discrepancy; Consistency error (Global Consistency Error and Local Consistency Error); Hamming distance and RandIndex. 

 
Timing information. All the results were performed on Intel Core 2 Duo CPU E8400 3.0GHz with 

4GB memory, using a single thread implementation. We precomputed AGD function, MSP function, 
skeleton extraction and dihedral angle function. The total preprocessing time ranges from one minute to 30 
minutes. The computation time depends on the complexity of the objects. 

 
Table 2 The computation time of the segmentation transfer results in Fig. 10. 

Model Number of 
faces 

Segment transfer time 
(seconds) 

Number of 
boundaries 

Avg. boundary transfer time 
(seconds) 

Dog(source)  18976 - 15 - 
Deer  7402 1.31 15 0.09 
Human  11258 1.46 11 0.13 
Armadillo  20000 2.15 15 0.14 
Dragon  16000 1.51 13 0.12 
Triceratops  15764 1.48 15 0.10 
Elephant  30000 3.75 15 0.25 
Asian dragon  28198 3.18 15 0.21 
Armadillo(source) 50382 - 17 - 
Armadillo(tg 1)  50212 6.21 17 0.37 
Armadillo(tg 2)  49226 6.08 17 0.35 

 
Table 2 lists the computation times of our segmentation transfer results presented in Fig. 10, including 

the total computation time, the number of segment boundaries, and the average time for performing a 
boundary transfer. On average it took around four seconds to perform segmentation transfer. Our method 
requires the manual operations to change the parameters if the segmentation results are not good. Usually, 
it took three to four attempts to obtain high quality results.  
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Discussions and limitations. The quality of the segmentation transfer results depends on the quality 
of the skeleton correspondence. If the skeletons do not capture the shape of the meshes faithfully, our 
method may not work properly. If the fitting planes do not fit well the source boundary, the arc ratios are 
not reliable for determining the target boundary positions. We cannot handle segment boundaries which 
enclose multiple arcs. The target boundaries may be distorted for non-cylindrical covering regions. Further 
studies are required for building the local coordinate systems for computing the covering regions of the 
target segment boundaries. 

6. CONCLUSION 

We have presented a segmentation transfer approach for mapping consistently a segmentation of a 
source mesh to a target mesh. The segmentation transfer approach is based on the skeleton correspondence 
between the meshes. The characteristics of boundaries including the relative orientation between the 
boundaries and skeletal arcs, the shape of the corresponding parts and local surface features, are considered. 
We have shown that our method generates consistent segmentations for a variety of similar meshes of 
different shapes and poses. Our approach relies on the skeleton-mesh correspondence and skeleton 
correspondence to perform segmentation transfer. Our method does not handle the segment boundaries that 
do not enclose a skeletal arc.  

In the future, we would like to develop techniques to transfer any kind of segment boundaries by 
combining consistent parameterization with skeletons. We believe that the skeleton-based approach can 
enhance the quality of the segment boundaries for the techniques based on consistent parameterization and 
other segmentation techniques. 
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