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1Abstract—In this paper we introduce a novel framework 

for 3D object metamorphosis, represented by closed triangular 
meshes. The systems returns a high quality transition sequence, 
smooth and gradual, that is visual pleasant and consistent to 
both source and target topologies. The method starts by 
parameterizing both the source and the target model to a 
common domain (the unit sphere). Then, the features selected 
from the two models are aligned by applying the CTPS C2

a 
radial basis functions. We demonstrate how the selected 
approach can create valid warping by deforming the models 
embedded into the parametric domain. In the final stage, we 
propose and validate a novel algorithm to construct a pseudo-
supermesh able to approximate both, the source and target 3D 
objects. By using the pseudo-supermesh we developed a 
morphing transition consistent with respect to both geometry 
and topology of the 3D models. 
 

Index Terms—3D mesh morphing, spherical 
parameterization, radial basis function, pseudo-supermesh. 

I. INTRODUCTION 

In the case of 3D meshes, the term morphing refers to the 
change in appearance of a graphical object, between the 
source and the target geometries. The objective of morphing 
is then defined as the construction of an animated sequence 
corresponding to the gradual transition between two 
different objects. 

Existing professional animation environments, such as 
3DS Max or Lightwave, propose some basic morphing 
techniques. However, such methods cover only partially the 
aspects that need to be taken into account. In particular, they 
are able to morph solely meshes with the same topology and 
number of vertices and thus severely restrict the field of 
possible applications. Thus, one important objective is to 
make possible to morph 3D models described by different 
numbers of vertices and connectivities. 

Because of such specificities, an initial stage is here 
required, which consists of establishing a correspondence 
between the two, source and target, 3D discrete surfaces 
defined by the meshes. Such a correspondence cannot be 
directly defined, because of the complexity of the 
topological and geometrical information involved. Instead, 
we determined the correspondence in an indirect manner 
with the help of parameterization techniques, which consists 
of establishing a one-to-one mapping between the mesh 
surface and a common 2D domain. 

The process of object parameterization has a significant 

importance, conditioning directly the quality of the entire 
morphing sequence. Most parameterization algorithms, 
existent in the technical literature, are time consuming 
especially for complex 3D models. So, in order to reduce the 
processing time a mesh simplification step is required. 
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However, parameterizing the source and target meshes 
onto a common parametric domain does not entirely solve 
the correspondence problem. The mesh geometry (i.e., 
position of the mesh vertices in the 3D space) can be defined 
in arbitrary coordinate systems. Thus, a preliminary 
normalization and alignment processes are also required. 
Moreover, a feature alignment phase is necessary in order to 
guarantee a successful morphing process. This comes to: (1) 
define a set of interest features on both source and target 
models and (2) apply a warping/deformation of the 
parametric domain in order to guarantee that the parametric 
position of the corresponding features are as closed as 
possible for both models. We speak in this case of overlaid 
parameterizations. The features of interest are in general sets 
of points, lines, curves, regions, defined over the models to 
be morphed. They correspond to intuitive, semantic 
morphological characteristics. 

In the case where the morphing sequence is considered 
for two face models, the features put in correspondence are, 
in most of the cases, the regions: mouth, nose, eyes or ears, 
common in both objects. 

Once the source and target models are parameterized and 
aligned with respect to their corresponding features of 
interest, the final step necessary in the morphing process is 
the interpolation between objects. The simplest way to 
interpolate between these points is a linear interpolation. 

In this paper, we propose a new 3D mesh morphing 
methodology which addresses all the above-presented 
aspects. The obtained morphing sequence ensures a high 
quality transition, smooth, consistent with respect to both 
geometry and topology, and visually pleasant. 

The rest of this paper is organized as follows: after a 
synthesis of the 3D morphing techniques proposed in the 
state of the art (Section 2), in Section 3 we introduce and 
detail the proposed method. Section 4 presents the 
experimental results obtained, carried out on a test set of 
various 3D objects from the Princeton and MPEG 7 
databases. Finally, Section 5 concludes our paper and opens 
some perspectives for future work. 

II. RELATED WORK 

The morphing process involves two main steps: (1) 
correspondence between the input, source and target models 
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and (2) interpolation, in order to create intermediary states 
of morphing. 

In most of the cases the correspondence issue is solved by 
employing different parameterization techniques that take 
into account the models topology. The parameterization is 
defined as a mapping Ω:M→D of a 3D model M onto a 2D 
parametric domain D. Most often, the domain D is either the 
unit disc (planar parameterization), or the unit sphere 
(spherical parameterization). The planar parameterization is 
useful in the case of 3D meshes that define an open surface 
with a unique connected component and border. Spherical 
parameterizations are necessary in the case of closed, 
connected 3D surfaces with genus-0 topology. 

Concerning the first category, Kanai et al. [1] propose to 
use the harmonic mapping method in morphing of arbitrary 
triangular meshes with a topology equivalent to a disk. Here, 
the user has to specify a boundary loop for each object 
together with a boundary control vertex, which allows the 
models alignment. Each mesh is then embedded into a 
planar unit disk with the help of harmonic maps [2]. The 
boundary vertices are mapped onto the unit disc border, 
such that the angle formed by two successive vertices and 
the domain central point is proportional with the arc length 
determined by the considered vertices. The remaining 
(interior) vertices are mapped onto the interior of the unit 
disc by minimizing the total mesh energy. Once the 
harmonic maps of both source (MS) and target (MT) 3D 
meshes are computed, a new object, called supermesh or 
metamesh, is created by overlapping and merging the two 
mappings. The supermesh shares the connectivity of both 
original models and defines a one to one correspondence 
between the surfaces of the two meshes. 

The merging algorithm proposed by Kent et al. [3] is 
based on the assumption that, after overlapping the 
parameterizations, no parametric vertices of the two models 
are coincident, and no parametric vertex of one model lays 
on an edge of the other model. However, this hypothesis 
limits its applicability in practice.  

In order to overcome such a limitation, Kanai et al. [1] 
propose a slightly different method which is able to take into 
account coincident vertices/edges. In order to avoid 
numerical errors, the coincident vertices are first 
determined. The source and target parameterizations are 
then re-calculated by maintaining these vertices fixed to an 
average position. The operation is iterated until no 
coincident vertices are generated. The supermesh 
construction is performed similarly to [3]. 

For closed, genus-0 objects, which are topologically 
equivalent to the unit sphere, Alexa [4] proposes to establish 
the correspondence in the spherical domain. The mesh 
vertices are projected onto the unit sphere and then a 
relaxation process is performed that repeatedly places each 
vertex in the centre of its neighbors. In order to avoid 
triangle overlapping or mesh collapse problems, Alexa 
defines sets of anchor points in the parametric domain, 
which are modified several times during the relaxation 
process. Based on the feature pair vertices specified 
manually by user in both source and target models, the 
problem of feature alignment is established in the parametric 
domain with the help of the mesh deformation technique 
described in [5]. Next, in order to be able to transform from 

one object to another, a supermesh is constructed by 
overlapping the spherical embedding of the two models. 
Here, the problem of edge-to-edge intersection is 
transformed into a problem of arc-to-arc intersection. 
Finally, the morphing sequence is obtained using a linear 
interpolation scheme. 

In all of the above-cited approaches, the resulting super-
mesh has a total number of vertices equal to 

, where  and are the number of 

vertices in source and target respectively, and  is the 

number of edge intersections. In practice, the number of 
edge intersection is prohibitively high, which leads to huge 
meshes in the case of objects described by a large number of 
faces/vertices. 

IntMM NNN 
21 1MN

2MN
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In [6] the authors introduce a new perspective of the 
morphing process. In addition to the geometric 
transformation between models, they propose to gradually 
change the mesh connectivity. Using this strategy, the 
proposed method is creating an in-between mesh with a 
complexity inferior to a supermesh. 

Even if it is not directly related to mesh morphing the 
method proposed by Wu et al. [7] aims at providing a 
solution for establishing a correspondence between arbitrary 
3D meshes. In order to establish a shape-preserving 
correspondence between source and target meshes, a 
modified mean-value Laplacian fitting scheme is used. This 
operation is applied directly in the 3D space without 
requiring any model parameterization. 

Athanasiadis et al. [8] introduce a completely automatic 
technique for 3D mesh morphing, which works well only for 
similar input models.  

Using the method of concavity intensity, firstly 
introduced in [9], the system performs automatically the 
objects alignment, feature detection and feature point 
matching. Then, by analyzing the variation speed of the 
surface normal, the proposed framework introduces a region 
growing method used for extracting clusters of interest 
points, for each individual characteristics put in 
correspondence. The relations between the extracted 
features are represented using a connectivity graph. 

The analysis of the state of the art shows that several 
phases involved in the morphing process are crucial for 
ensuring the quality of the resulting metamorphosis 
sequence. They notably concern: (1) the parameterization 
method involved, which should guarantee low geometric 
distortions in terms of lengths, angles and areas, (2) the 
warping of the source and target parametric domains, which 
should simultaneously guarantee a good match between 
corresponding feature points and a fold-over free 
deformation and (3) the connectivity-related issues which 
should ensure a smooth and local adaptation between source 
and target models. 

Based on these considerations, we propose the 3D mesh 
morphing framework described in the following section. 

III. PROPOSED 3D MESH MORPHING METHOD 

The complete morphing process is illustrated in Fig. 1. 
First, by employing the user interaction some vertices are 
selected from the source and the target models and put into 
correspondence. The end user can interact with the models 
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by using the GUI interface of the proposed system. Because 
the entire framework is developed as a real time application 
we introduce next a decimation step designed to decrease 
the computation speed of the parameterization process. 
After simplification, each 3D object is parameterized to the 
unit sphere using our method, previously introduced in [10], 
which exploits a modified version of the Gaussian curvature. 

Next, the mesh structure is reconstructed through a 
progressive mesh sequence which optimally reinserts the 
vertices removed in the simplification process. The 
characteristic features of the two models are aligned within 
the parametric domain by employing a warping scheme 
based on the radial basis functions. Here, additional 
constraints are introduced in order to maintain all vertices on 
the sphere during the deformation and to satisfy the bijective 
property. We introduce next a novel and simple method that 
creates a pseudo supermesh structure starting from the two 
overlapped embeddings of the models. The final step 
concerns the interpolation of the geometric positions of the 
source and target vertices onto the involved pseudo 
supermesh. 

 
Figure 1. Proposed 3D mesh morphing scheme 

 
The various steps involved in the proposed 3D mesh 

morphing algorithm are detailed in the following sections. 

III.1. FEATURE ALIGNMENT  

This phase is essential to guarantee a successful morphing 
transformation between the source and the target input 
models. Let us note that the necessity of feature alignment 
becomes more obvious when the models belong to the same 
semantic category. This is because the user has a strong a 
priori expectation of that transformation, and anticipates the 
preservation of common features of the models. 

By using a graphical interface the end user can specify the 
features that need to be put in correspondence. Different 
authors [11], [12] try to automate the process for particular 
3D objects that share a similar structure by performing 
preliminary normalization and a global alignment of the 
models. However, these approaches are limited for a general 
morphing process between arbitrary models since the global 
alignment will not be able to position the corresponding 
features into the same region. For this reason, we have 
developed an ergonomic graphical user interface with all the 
necessary interactivity features. Fig. 2 presents a screenshot 
of our interactive application. 

 
Figure 2. Graphical user interface 
 

Two sets of corresponding feature points are here 
specified by the user on both source and target models. 

Let us note that this step is the only one that requires the 
user intervention. 

III.2. MESH SIMPLIFICATION 

The mesh simplification step is introduced in order to 
increase the processing speed of the parameterization 
process. Because the proposed framework is designed to 
work with any type of 3D model (characterized by complex 
structures or containing thousands of vertices and faces) we 
developed a simplification step that generates as output a 
coarser version of the original model. The parameterization 
obtained for the simplified mesh will be afterwards adjusted 
to handle the original vertices with the help of a reversed 
simplification process, which consists of iteratively inserting 
the removed vertices in the parametric domain. 

The proposed technique relies on the edge collapse 
operator introduced by Hoppe et al. [13]. However, the 
original technique proposed in [13] involves a time 
consuming energy minimization process, needed to establish 
the edges that have to be removed from the mesh structure. 
For this reason, we have adopted the method introduced in 
[14] that uses the quadric error metric in order to compute 
the edge collapse cost. In contrast with [14], which allows 
contraction of any pair of vertices, in our case we authorize 
the collapse of solely vertices that are linked by an edge. 
This constraint allows us to preserve the original manifold 
characteristics of the models. 

The simplification operation is controlled by a geometric 
criterion. Thus, the simplification process stops when the 
mean geometry deviation between two simplified versions 
of the original model exceeds a pre-established threshold 
Terr. The geometric error is computed between the two 
model surfaces S1 and S2 as: 


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where d represents the approximate distance from a point p 
on surface S1 to the surface S2 given by: 

)',(min),(
2'

2 ppdistSpd
Sp 

                        (2) 

In our work, we have used a value for Terr of 0.0025. This 
constraint ensures that the obtained model still preserves the 
main geometrical characteristics of the initial object. The 
proposed decimation algorithm yields high quality results 
for the simplified model (Fig. 3) even for drastic decimation 
rates, in a relatively short time. 

 
Figure 3. Model simplified with our mesh decimation technique 

III.3. EMBEDDING AND WARPING 

For each vertex on the source (resp. target) model, a 
correspondent point on the target (resp. source) surface has 
to be identified. In our case, we adopt an indirect mapping 
method which consists of: (1) parameterizing both source 
and target models onto a common, spherical parametric 
domain; (2) warping the parametric domains in order to 
ensure a feature correspondence between the two 3D shapes 
to be morphed. 

We start by employing our method, firstly introduced in 
[10], that creates spherical parameterizations for closed 
genius-0 3D models. Next, we focused on preserving the 
input features (specified by the user). The vertices already 
put in correspondence in Section III.2 (denoted anchor 
vertices) need to be displaced so that they share the same 
position in the parametric domain. In order to make a global 
displacement of the entire set of vertices the whole domain 
needs to be deformed. The resulted 2D maps should be 
smoothly warped and without foldovers. 

In the technical literature various deformation methods 
were introduced, that can be classified in: space deformation 
[15], free-form warping [16], skeletal [17] or multi-
resolution deformations [18], Laplacian mesh editing [19], 
and radial basis functions (RBF) [20]. From this set we have 
considered as appropriate for our 3D mesh morphing the 
RBF and Laplacian techniques because they do not require 
additional human interaction for the object editing. In the 
following section we give an objective comparative 
evaluation of these techniques. 

Regarding the RBF functions, we have selected three 
radial basis functions, namely the CTPS C2

a, CP C2, and 
Gaussian [20]. Concerning the Laplacian deformation we 
have considered the classical form introduced in [19] that 
solves the deformation problem in the sense of least squares 
minimization.  

However, such an approximate solution may affect the 
displacement accuracy (i.e., the anchor vertices may not 
reach the exact final position established). For this reason, 
we have also considered a modified version, in which the 
final positions of the control vertices are imposed as 
additional constraints. 

In addition, two types of weights [19] are considered for 
specifying the Laplacian coordinates, including unitary 

weights (so-called Uniform Fix Laplacian Coordinate - 
UFLC) and mean value coordinates, so-called Tangential 
Laplacian coordinate deformation method (TLC). 

The six retained techniques have been tested in terms of 
deformation quality, computational efficiency and 
displacement accuracy. As evaluation measures, we 
considered the size fsize and shape fshape quality metrics [21] 
respectively defined as: 
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where τ represents the ratio between the area of a triangle in 
the deformed mesh and the area of the initial triangle. The 
angle θ is defined as: 

2211
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with λ ij , i,j = 1,2 being the metric tensor of the Jacobian 
matrix. 

The measures fsize and fshape can be combined to define a 
more general quality metric fss, defined as: 

shapesizess fff                             (7) 

Ideally, the fss value should be as close as possible to 1. 
Both the minimum (min(fss)) and mean (mean(fss)) values of 
the fss values, over the entire mesh, are retained. 

In order to evaluate the displacement accuracy of each 
deformation technique, i.e., the average error between the 
actual displacement and the specified positions of the anchor 
points, we have also considered the following measure: 
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 where nc denotes the total number of control vertices,  
and 

i
 respectively, represent the initial and target 

positions of point i, while  is the actual position reached. 

Ideally the value of Dis should be zero. 

init
ci

p cp
dis
ci

p

For evaluating the various methods, we have considered 
two test scenarios, one in 2D (and thus adapted to purposes 
of mesh warping in the parametric domain) and the other in 
3D. Both scenarios employ a unit square domain with an 
inner rectangle (as control feature) that undergoes a high 
amplitude deformation corresponding to a combined 
rotation (with 90°), translation (12 intervals along the x 
direction, 4 intervals along the y axis (and for the 3D case, 
10 units in the z direction)) and scaling (of factor of 2) 
(Fig. 4 and Fig. 5). 

 
 Figure 4. The influence of the number of steps on the deformed mesh 
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Figure 5. Visual analysis of mesh deformation 

 
In addition, we perform the mesh deformation in a 

variable number of steps that iteratively displace the control 
vertices from their initial to the final positions. The number 
of intermediary steps ranges from 1 to 50 steps, and the 
distance between two positions is uniformly sampled. Figure 
4 illustrates, in the 2D case, the influence of the number of 
steps on the deformed mesh for the CTPS C2

a RBF method. 
We can observe that a higher number of intermediary 

steps increases the quality of the deformation result, which 
is more smooth and foldover-free. However, starting from a 
number of 10 to 15 steps, the overall quality becomes 
equivalent. 

Fig. 5 and Table I present the results obtained for both 2D 
and 3D scenarios. Each deformation method has been here 
applied in a number of 10 steps. 
 

TABLE I. MESH DEFORMATION QUALITY ANALYSIS 

Method minfss meanfss dis 
Inverted 
triangles 

CPU 
Time 
(sec) 

2D test case 
RBF-CTPS C2

a 0.021 0.247 8.34*10-6 0 21.1 
RBF-CP C2 0.017 0.232 0.334 0 18.6 
RBF-Gaussian 0 0.198 0.043 22 21.3 
Classical 
Laplacian 

0.001 0.331 20.501 0 0.8 

UFLC 0 0.354 6.26*10-9 60 0.9 

TLC 0 0.355 1.03*10-9 51 1.5 

3D test case 

RBF-CTPS C2
a 0.118 0.465 3.36*10-6 0 19.7 

RBF-CP C2 0.104 0.438 0.168 0 19.1 

RBF-Gaussian 0.064 0.426 0.012 0 23.8 
Classical 
Laplacian 

0.228 0.613 14.751 0 1.12 

UFLC 0.047 0.623 4.53*10-9 0 0.31 

TLC 0.045 0.618 8.82*10-10 0 0.89 
 

For the 2D case, the classical Laplacian method leads to a 
valid deformed mesh, but with relatively high distortions 
(50% greater than the RBF-related distortions) and also 
large values of the accuracy parameter Dis. For UFLC and 
TLC techniques a mesh overlapping is produced. This is 

caused by the strict conditions imposed on the control 
points, which are forced to reach exactly the target position. 
Concerning the RBFs, CTPS C2

a and CP C2, these return 
comparable results in terms of min(fss) and mean(fss), but a 
higher accuracy is obtained for CTPS C2

a. 
For the 3D case, the UFLC and TLC approaches avoid 

triangle overlapping, since the warping is performed in the 
3D space. Moreover, they return the best results for the 
displacement accuracy. In terms of mean(fss) measures, 
these methods return comparable results as the ones 
obtained by the classical Laplacian, but with a min(fss) 
inferior with more than 68%. 

Finally, the experimental results show that RBF method 
(and, in particular the CTPS C2

a function) offers a good 
compromise between displacement accuracy and mesh 
quality. We have thus adopted it for warping of the meshes 
in the parametric domain. 

The CTPS C2
a RBF is applied in steps, by splitting the 

geodesic path between feature-pairs of correspondent 
vertices in 10 subintervals. This makes it possible to avoid 
fold-overs and self intersections. 

In order to guarantee that the embedding remains valid, 
the deformed mesh is back-projected onto the unit sphere 
after each step. 

Fig. 6 illustrates an example of two 3D closed genus-0 
models with user-specified feature vertices, initial spherical 
mappings and final embeddings. 

Let us note that the corresponding pairs of vertices 
become aligned in the parametric domain after applying the 
warping approach. 

Next, we determined a one-to-one correspondence 
between the two models used for morphing (denoted by 
source and target) by overlapping the two embeddings. 

 For each vertex of the source model (respectively target 
model), in the parametric domain, we determined it 
corresponding triangle in which it can be projected in the 
target domain (respectively source domain). By using the 
barycentric coordinates we determine next the vertex 
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position on the original target surface. Because we want to 
create a 3D mesh morphing application for any type of 
model applied as input we cannot use a linear interpolation 
between the initial and final positions of the source 
(respectively the target) vertices. On the one hand, the 
structure of one object is insufficient to create visually 
pleasant transition and on the other hand, the approximation 
is inaccurate. 

 
Figure 6. Feature alignment through spherical embeddings warping 
 

In order to solve this issue a new mesh structure, usually 
called supermesh, which can represent both models, needs 
to be constructed. 

III.4. PSEUDO-SUPERMESH CONSTRUCTION 

In the state of the art literature various authors [4], [11], 
[22] propose overlapping the two maps associated to the 
source and the target model in order to create a supermesh. 
Then, a new structure is developed by adding the edges of 
the target model (resp. source) in the structure of the source 
model (resp. target). 

The created supermesh has the advantage of sharing the 
two topologies of the models used in the morphing 
application. However, because the size of the two models 
could exceed thousands of vertices the numerical 
instabilities the process of supermesh development becomes 
important (e.g. when computing intersections between 
source and target edges). Even so, the number of vertices of 
the resulted metamesh structure will drastically increase 
compared with the original models. 

In this paper we introduced a novel approach called 
pseudo supermesh that tries to overcome the above 
limitation especially the creation and tracking of edge 
intersection. By using the proposed strategy the number of 
resulted vertices is significantly inferior to the one obtained 
in the case of the supermesh. We call our structure pseudo-
metamesh since it does not require any edge intersections, 
and only approximates the two source and target shapes. 

The pseudo supermesh construction process can be 
summarized as follows: First, we initialize the new structure 
with the one of the target embedding. Next, for any source 
parametric vertex, we determine the supermesh triangle in 
which it can be projected by employing a ray-triangle 
intersection test. Once we determine the face in which a 
source vertex falls, the triangle is split after a 1-to-4 scheme, 
as illustrated in Figure 7. 

 
Figure 7 : Supermesh triangle split after 1-to-4 scheme 

 
This operation is repeated until all source vertices are 

processed such that each triangle in the subdivided mesh 
includes a unique vertex of the source mesh. Obviously, the 
obtained pseudo-supermesh does not have a valid triangular 
mesh structure since, after a triangle subdivision the 
adjacent faces are not triangles anymore. Thus, a mesh 
retriangulation is performed, which consists of linking each 
mid-edge vertex generated by a triangle split to the vertex 
opposite to the considered edge in the adjacent triangle. This 
process is illustrated in Figure 8. 

 
Figure 8 : Supermesh retriangulation process: (a) initial pseudo-supermesh; 
(b) pseudo-supermesh after 1-to-4 subdivision; (c) retriangulated pseudo-
supermesh. 
 

Once the pseudo-supermesh is created, we establish the 
3D positions of its vertices relatively to the source and target 
shape. Actually, for the majority of its vertices we already 
know their positions relatively to the target shape since the 
supermesh was initialized with the target structure. The 
positions of the new vertices relatively to the target surface 
can be easily computed since after each split operation, the 
new vertices are inserted at the middle of an existing edge. 
The 3D position for each pseudo-supermesh vertex 
relatively to the source shape is computed employing a 
point-in-triangle test and using the barycentric coordinates 
(α, β, γ). Considering that a parametric supermesh vertex 

lays in the source spherical domain (HMHp

(SHf

S) on a triangle 

then its position p),, SSS H
k

H
j

H
i ppp

,( j
S
i

S ppf

S relative to the 

original face on the source shape can be 

computed using the barycentric coordinates: 

), S
k

S p

S
k

S
j

S
i

S pppp                        (9) 

Fig. 9 illustrates an example of a pseudo-supermesh 
obtained with the proposed algorithm. It can be observed 
that the mesh structure remains simple without too many 
vertices and the supermesh feature regions are adaptively 
remeshed accordingly with the input models. 
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Figure 9. Pseudo-supermesh: (a) source model, (b) target model, (c) source 
map, (d) target map, (e) overlapped maps, (f) final pseudo-supermesh. 

 
The main advantage of the pseudo-supermesh consists on 

its capability of accurately approximate both the source and 
target topologies. The supermesh will represent in the 
morphing sequence the source model at the first frame and 
the target model at the last frame. For intermediary frames, 
the vertex positions are linearly interpolated between their 
initial and final states. 

Let us note that more sophisticated interpolation schemes, 
such as the ones introduced in [23], [24] can be considered 
in this framework. 

IV. MORPHING RESULTS 

Fig. 10-12 shows several key frames of the morphing 
sequences obtained between various 3D meshes.  

The considered subset of objects consists of 3D closed 
genus-0 manifold models with various complexities and 
shapes. All the models are freely available over the Internet 
and are part of the Princeton and MPEG-7 databases.  

The maximal number of feature points used for guiding 
the correspondence process was limited, respectively, to: 27, 
24, 33 and 26 for models in Fig. 10-13. 

 
Figure 10 : Morphing sequence between ManHead and Igea models 

 

 
Figure 11 : Morphing sequence between Cow and Hipo models 

 
Figure 12 : Morphing sequence between Armadillo and Man models 

 

 
Figure 13 : Morphing sequence between Dino and Horse models 
 

We can observe that in all cases the resulting morphing 
sequences ensure a gradual and visually pleasant transition 
between source and target models. 

Table 2 presents the characteristics of some pseudo-
supermeshes obtained, in terms of number of vertices and 
triangles compared with the original models. 

Note that in most of the cases the pseudo-metamesh 
number of vertices does not exceed the sum of the source 
and target vertices, which is quite a remarkable result. 

 
TABLE II. PSEUDO-SUPERMESH CHARACTERISTICS 

Pseudo 
Supermesh  Model Vertices Faces 

Vertices Faces
Source Igea 15002 30000 
Target ManHead 17200 34396 

27127 42250

Source Cow 11610 23216 
Target Hipo 8966 17928 

20657 41310

Source Man 14603 29202 
Target Armadillo 15002 30000 

29411 58818

Source Dino 16996 33988 
Target Horse 19851 39698 

31082 62080

Source Head1 17358 34712 
Target Head2 7896 15788 

22467 44930

V. CONCLUSIONS AND PERSPECTIVES 

In this paper, we introduced a novel morphing technique 
that creates smooth and natural transitions between closed 
genus-0 3D models. The approach requires minimum user 
intervention which has to specify only some feature vertices 
of correspondence on both input models. 

A spherical parameterization approach has been 
considered as intermediary step, followed by a feature 
matching that employs a mesh warping scheme based on 
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radial basis function. 
Then, we have introduced a simple, yet efficient 

technique of mesh merging to create a pseudo supermesh 
structure that approximates well both source and target 3D 
shapes. 

Once all the intermediary steps (feature alignment, mesh 
simplification and parameterization, warping, pseudo-
supermesh construction and mesh interpolation) are 
performed as an offline process, the morphing sequence can 
be played in real time, continuously and smooth, whenever 
it is desired. The proposed algorithm can be used for 
specific activities in different areas like: medical industries 
(in order to construct detailed models of organs), movie 
industry (where objects are animated in such a manner to 
simulate the real world), video gaming industries (where 3D 
models are used as assets for computer games), scientific 
sector (for various simulation purposes), architecture 
industries (where they are needed to illustrate proposed 
buildings and landscapes) or CAD (in order to construct new 
devices, vehicles and structures based on predefined 
models). 

Perspectives of future work concern: (a) the integration of 
more sophisticated interpolation mechanisms; (b) the re-
triangulation of the pseudo-supermesh which leaves room 
for further optimization. 
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