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Abstract – Skeletonization, or automatic skeleton
extraction, is one of the most essential technologies in 3DCG.
This technology makes it possible to automatically extract
skeletons (i.e. bones, joints and their hierarchical structures)
from 3D models. Such skeletons are important shape and
pose descriptors for object representation, object recognition
etc. They are used in many applications such as 3D model
search, virtual character's pose estimation and collision
detection between two or more 3D models.  However, existing
skeletonization methods have some drawbacks. Most of the
existing skeletonization methods have difficulties in correctly
extracting the positions of joints. In most methods, bones are
extracted from a 3D model first and joints are defined as the
cross points of bones. However some errors always occur
when bones are extracted. Hence joints cannot be found in
this scheme so often. Furthermore, they are not allowing for
controlling the number of bones/joints and their structure.
Therefore applying motion data acquired from motion
capture devices to 3D models still involves a lot of
cumbersome manual work. In this paper, we propose a novel
joint detection method suited for kinematic skeleton
generation, skeleton rigging etc. Unlike the existing methods,
the proposed method detects joint positions directly without
using skeleton (bone) information. So the proposed method
can avoid propagating errors occurred by skeletonization
process. Also, the proposed method is able to extract the
same numbers of joints/bones and the same structure as in
given motion data, i.e. one can directly apply existing motion
data without the need of manual adjustment. In general, 3D
models describe shape information and pose information
simultaneously. Distinguishing one from the other seems to
be very difficult. However, the proposed method solves this
problem by extracting only the pose information of 3D
models by using a vertex Gauss sphere representation and
estimating the positions of joints correctly regardless of
shapes of 3D models by adopting template matching
approach. Experimental results showed that the proposed
method achieves 90 % accuracy of pose estimation and 73%
accuracy of joint estimation.)
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I. INTRODUCTION

Today, 3DCG is used in many fields such as computer
games, computer generated imagery, crowd simulations,
visualization and other applications. As 3DCG
technologies advance, virtual 3D characters will take more
and more places in personal and commercial use in the
near future.

Amongst 3DCG technologies, skeletonization is one of
the most essential technologies. As skeletons of 3D
models are powerful shape and pose descriptors, they are
useful for many applications such as 3D model search,
virtual character's pose estimation and collision detection
between two or more 3D models, etc.

Setting up bones, joints and their structures of 3D
models is one of the cumbersome tasks during creation of
a 3DCG animation. If we can automate this process,
methods for 3D model creation by simply drawing a 2D
sketch of the object with subsequent automatic `2D to 3D`
conversion as introduced in [1], skinning techniques such
as proposed in [2][3][4] and systems for automatically
generating CG animation based on scenario input in [5]
simplify the 3D contents creation process enormously and
contribute to the popularity of 3DCG widely.

Most of existing skeletonization methods first extract
bones from 3D models and define the cross points of
bones as joints. However, some errors always occur when
bones are extracted. Hence, when the points of joints are
estimated, they may include quite a few errors propagated
from the process of bone extracting. Therefore, most of
existing methods can not estimate the positions of joints
correctly. To put it concretely, most of the existing
skeletonization methods have at least one of the following
six drawbacks.
- They often generate a lot of incorrect bones.
- They often fail to extract all of the bones.
- They often fail to extract bones correctly.
- They often extract too many incorrect joints.
- They often fail to extract all of the joints.
- They often fail to extract the positions of joints correctly.

Another problem of existing methods is that they cannot
detect the positions of joints for low-polygon 3D models.
This is because they sometimes have no shape
characteristics at the position of a joint as shown in Fig.1.
In general, 3D models describe shape information and
pose information simultaneously. Distinguishing one from
the other is very challenging. In our proposed method, a
vertex Gauss sphere representation is used for decoupling
pose information from shape information. And template
matching is applied for pose matching regardless of the
object's shape. After these processes, joint positions are
detected from 3D models.

Fig.1. Difficulty of joint detection from low-polygon 3D
models
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Fig.2. Overview of the proposed method.

The proposed method is composed of the following four
steps. In the first step a vertex Gauss sphere representation
is generated from template models. We prepared a simple
3D model with a variety of poses as the template models
and converted them into vertex Gauss sphere
representation data during this step. The second step is
comprised of generating vertex Gauss spheres from the
target 3D model. A target 3D model is a model for which
skeletons have not been extracted yet, i.e. the system's
input data that are going to be analyzed. The third step is
the matching step. In the third step template matching is
performed between input data and template data in order
to find the best-matching pairs. The pose and joint
positions are estimated in the fourth step. In this step, the
positions of all joints are decided according to the result of
the third step. Fig.2 illustrates this process flow.

The rest of the paper is organized as follows. Section II
provides an overview of existing skeletonization and
skeleton rigging methods. The proposed novel joint
detection method based on Gauss spheres is proposed in
detail in section III. The proposed method is evaluated in
section IV and experimental results are presented that
show the proposed approach realizes good performances.
Section V concludes this paper and provides an outlook to
future works.

II. RELATED WORK

As mentioned in section I, joint detection is usually
done after skeletonization processes (bone extraction
processes) in most cases.

As skeletonization is one of the most essential
technologies in 3DCG, many approaches for extracting
skeletons from 3D models have been proposed in the past.

These methods are classified into the following five
categories from the technical point of view.

The first category consists of methods based on medial
axis transform (MAT). MAT is a direct computation

method to extract skeletons from 3D models. Roger and
Wolfgang presented a novel algorithm for simplifying the
shape of 3D objects by manipulating their MAT [6]. A
skeleton-based method for deforming meshes using MAT
was presented by Han-Bing Yan et al. [7][8].

The second category is comprised of thinning methods
[9][10][11]. Oscar Kin-Chung Au et al. presented a simple
and robust skeletonization method based on mesh
contraction [9]. This method first contracts the mesh
geometry into a zero-volume skeletal shape by applying
implicit Laplacian smoothing with global positional
constraints. The contraction does not alter the mesh
connectivity and retains the key features of the original
mesh. The contracted mesh is then converted into a 1D
curve skeleton through a connectivity surgery process to
remove all the collapsed faces while preserving the shape
of the contracted mesh and the original topology. The
centeredness of the skeleton is refined by exploiting the
induced skeleton-mesh mapping.

The third category is graph based methods such as
Voronoi graph [12][13], Reeb graph [14][15][16][17] etc.
Ojaswa Sharma et al. adopted the Delaunay triangulation
and the Voronoi diagram in their method in order to
extract the skeletons that are guaranteed to be
topologically correct [12]. Julien Tierny et al. presented a
hybrid algorithm for kinematic skeleton extraction of 3D
dynamic surface meshes based on Reeb graph extraction
and edge-length deviation computation [14].

The fourth category is decomposition methods, which
divide meshes into several components and local skeletons
can be extracted from a component. These local skeletons
can be connected to form a global skeleton of the input
model [2][4][18][19][20]. For example, Jyh-Ming Lien et
al. proposed an iterative approach that simultaneously
generates a hierarchical shape decomposition and a
corresponding set of multi-resolution skeletons [19]. In
this method, a skeleton of a model is extracted from the
components of its decomposition, i.e. both processes and
the qualities of their results are interdependent. The
process of simultaneous shape decomposition and
skeletonization iterates until the quality of the skeleton
becomes satisfactory. Andreas Vasilakis presented
refinement techniques for improving skeletal
representation based on local characteristics which are
extracted using centroids and principal axes of the
character's components [2].

The fifth category contains other methods which are not
included in the above categories. This category includes
e.g. the force field method [21] and the shock scaffold
method [22]. In [21] initially a repulsive force field is
constructed inside a given model and a set of points with
local minimal force magnitude is found based on the force
field. Then a modified thinning algorithm is applied to
generate an initial skeleton, which is further refined to
become the final result. When the skeleton construction
completes, skin vertices are anchored to the skeleton joints
according to the distances between the vertices and joints.

Some of the above existing skeletonization methods can
extract skeletons correctly to some extent, but all of them
have more than one drawbacks as described in section I.
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On the other hand, some skeleton rigging algorithms
[23][24][25] have been proposed as different types of
techniques. Skeleton rigging is a technique of adapting a
kinematic skeleton to a 3D model and attaching it to the
surface of the model. For example, Pantuwong et al.
proposed an automatic algorithm that generates an inverse
kinematic skeleton by locating an appropriate template
skeleton on the extracted curve skeleton of the input 3D
character model [23].  However, most of skeleton rigging
algorithms including [23] also detect joint positions by
using the extracted skeleton information. So they also have
some drawbacks as described in section I.

III. JOINT DETECTION METHOD BASED ON

VERTEX GAUSS SPHERES REPRESENTATION

A. Vertex Gauss Sphere Representation
In this section, a novel joint detection method is

presented. In the proposed method a vertex Gauss sphere
representation is used for detecting joints directly.
A Gauss sphere is a sphere of radius 1 and consists of only
the directional information of a vector (direction and
length). A specific type of Gauss spheres, a so called ridge
Gauss sphere, is sometimes used to compare two or more
3D simple basic shapes (3D primitives) which are
composed of less than 20 or 30 polygons.

Although 3D models include both shape information
and pose information, distinguishing one from the other is
very difficult in general. However, the proposed method
extracts only pose information of 3D models by using the
vertex Gauss sphere representation. The points of joints
are estimated by adopting a template matching approach
using this representation.

When using Gauss sphere representation, we can define
three types of Gauss sphere representations shown in Fig.3
(For the sake of simplicity, 3D models and Gauss spheres
are depicted by 2D images in Fig.3).

The first Gauss sphere is the "vertex" Gauss sphere. It
describes all vectors from the position of a joint to a vertex
on a polygon of a 3D model. The second Gauss sphere is
the "ridge" Gauss sphere. It describes all ridges, i.e.
vectors from one vertex to another vertex of the same
polygon on the surface of a 3D model. And the third
Gauss sphere is the "normal" Gauss sphere. It describes
the face normal vectors of all polygons in a 3D model.

Of these three Gauss spheres the vertex Gauss sphere
representation can be used to distinguish pose information
from shape information. By exploiting this property, two
vertex Gauss spheres become very similar if two 3D
models have different shapes but the same pose. To the
contrary they become totally different if two 3D models
have different poses but are of the same shape.

Fig.4 illustrates this property by an example. Assume
that model A, B and C are arm models of a 3D character
Model.

A and B are arm models of the same character but have
different poses, whereas model A and C are arm models of
different characters (they are different 3D shapes), but
show the same pose.

Fig.3. Three types of Gauss spheres

Fig.4. Examples of three 3D models

The vertex, ridge and normal Gauss sphere
representations of the converted models A, B and C are
depicted in Fig.5. As can be seen in Fig.5, vertex Gauss
spheres of model A and C are very similar, but those of
model A and B differ. On the other hand, ridge and normal
Gauss spheres of model A and B cannot be distinguished
for each other, thus vertex Gauss sphere representation
proves to be better than other two Gauss sphere
representation for estimating the pose of a target model.
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Fig.5 Gauss spheres generated model A, B and C

Next, experimental results are presented that prove the
fact that vertex Gauss sphere representation is suitable for
distinguishing different poses. In the conducted
experiment we analyzed vertex Gauss spheres made from
four 3D models (model01 to model04 in Fig.8) which
have the same poses (pose04 and pose05 in Fig.9) by PCA
(Principal Component Analysis). Table I shows the result
of this analysis. Since the performance of normal Gauss
spheres is very similar to that of ridge Gauss spheres, it is
omitted in Table I.

Table I: Result of PCA
(a) Vertex Gauss sphere

(b) Ridge Gauss sphere
Model

No.
Pose
No.

1st
Component

2nd
Component

3rd
Component

01
04 1.45 0.96 0.25
05 1.58 0.05 0.62

02
04 1.56 0.03 -0.13
05 1.57 -0.43 -0.15

03
04 1.51 -0.06 -0.34
05 1.75 -0.03 0.06

04
04 -4.47 -2.60 0.46
05 -4.40 0.80 -0.13

Table I shows the first three PCA component values of
each 3D model. As can be seen, the resulting values of the
vertex Gauss sphere analysis are very similar, whereas
those values significantly differ in the case of ridge Gauss
spheres. As an example, the first component values of
vertex Gauss spheres for pose05 are 4.71, 4.46, 4.01, 4.20

(for model01 to model04 respectively), whereas those
values of ridge Gauss spheres are -4.40 to 1.75 and show a
wide range of scatter. In comparison, the values of pose04
and pose05 are almost the same for ridge Gauss sphere
representations. Thus the ridge Gauss sphere
representation has low potential for differencing poses.
We conclude from our experiment that vertex Gauss
sphere representation has highest resolving power for pose
differentiation compared to the other two Gauss sphere
representations.
B. Process Flow of the Proposed Method

In this section, the detailed process flow of the proposed
method is described.
-The first step
The first step is generating template data from the template
models. Template data are generated as follows.
1. Prepare a simple 3DCG model such as Fig.6 (a). We
assume the positions of all joints in this simple model have
already been extracted manually. In addition we prepare
various 3D models which are of same shape as this simple
model but show different poses (see Fig.9). We define
these 3D models as "template models".
2. Generate vertex Gauss spheres for each joint position,
where positions constitute the center of Gauss spheres.
These Gauss spheres representations are used as "template
data" as shown in Fig.6 (b).
-The second step

The second step is comprised of generating vertex
Gauss spheres from a target model. The positions of each
joint are estimated for a target 3D model using the
prepared template data as follows.

Fig.6. Template models

1. Define a "search box", which is a rectangular
parallelepiped circumscribing the target 3D model as
shown in Fig.8. In order to define this search box,
maximum and minimum values for x, y and z from all
vertices of the target 3D model are determined (we denote
them as xmax, xmin, ymax, ymin, zmax, zmin) defining a 3D search
box which circumscribes the target model.
2. Define the number of segmentations of this search box
(nx, ny, nz).
3. Generate nx × ny× nz vertex Gauss spheres for the target
3D model. The centers of each Gauss spheres (x, y, z) are
given by:

Model
No.

Pose
No.

1st
Component

2nd
Component

3rd
Component

01
04 -2.34 -1.44 1.89
05 4.71 0.31 0.08

02
04 -2.47 -0.43 2.26
05 4.46 0.65 0.23

03
04 -3.09 -1.27 -2.66
05 4.01 -0.42 0.15

04
04 -2.51 2.92 1.32
05 4.20 -0.14 0.01
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3D model. The centers of each Gauss spheres (x, y, z) are
given by:

Model
No.

Pose
No.

1st
Component

2nd
Component

3rd
Component

01
04 -2.34 -1.44 1.89
05 4.71 0.31 0.08

02
04 -2.47 -0.43 2.26
05 4.46 0.65 0.23

03
04 -3.09 -1.27 -2.66
05 4.01 -0.42 0.15

04
04 -2.51 2.92 1.32
05 4.20 -0.14 0.01
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where x∈{0, 1, 2, ..., nx-1}, y∈{0, 1, 2, ..., ny-1}, z∈{ 0,
1, 2, ..., nz-1}.
4. Remove a Gauss sphere when more than 25 percent of
the area of the sphere contain no points, i.e. the center of
this sphere is outside of the target model in most cases.
Experimentally 60 to 95 percent of Gauss spheres will be
removed in this process although it is depending on the
shape and/or the pose of a 3D model.
-The third step

The third step is the "matching" step. In this step, all
template data are compared with all Gauss spheres
generated from the target model. As for the result best-
matching pairs are kept. The detailed method to calculate
the distance between two Gauss spheres is described in
III.C.
-The fourth step

The fourth step is estimating the pose of a target model
and the positions of joints. In this step, the pose of the
target model and the positions of joints in the target 3D
model are estimated as follows.
1. The sum of distances between each template model
Gauss sphere and the target model Gauss sphere is
calculated. The best matching pose is determined by
selecting the template that yields to the minimum sum of
distances. Simultaneously, the joint positions of the target
3D model can be determined by selecting the best
matching pairs of this pose.

Fig.7 Generation of Vertex Gauss Spheres from a Target
3D Model

2. The matching accuracy is drastically improved by
comparing the Gauss sphere representations in reverse
direction, i.e. from the target model to the template models
(cross-matching). During cross-matching only best
matching candidates from the previous step are evaluated.
C. Distance between Two Vertex Gauss Spheres

There exist many ways for calculating the distance
measure between two vertex Gauss spheres. In the
proposed method a simple method from the perspective of
calculation cost is adopted. Since the radius of a Gauss
sphere is 1, a point on the Gauss sphere can be written as
follows:
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where, i∈{ 1,2,...,d}, j∈{1,2, ... , d}. Since a Gauss
sphere is mapping only directional vector information by
nature, dividing areas by angles (θandφ) is reasonable.

The actual flow of matching process between two vertex
Gauss spheres is as follows.
1. Subdivide each vertex Gauss sphere into segments.
Score in each segment is defined as the normalized
proportion of the number of vertices included in the
segment.
2. Calculate the differences between corresponding
segments for two Gauss spheres by L2 norm.
3. Define the sum of differences as the distance between
these two Gauss spheres.
4. When the distance between two Gauss spheres reaches
minimum, its pair is regarded as the best matching pair.

IV. PERFORMANCE EVALUATION OF THE

PROPOSED METHOD

A. Evaluation Condition
In this section, experimental results for the proposed

method are shown. The proposed method was
implemented in C language with OpenGL library support.
As for the description of 3D models the .obj format was
used. 16 models as shown in Fig.8 were prepared. Each of
the models had 30 different poses as shown in Fig.9.
Model01 shown in Fig.8 was used as the template 3D
model. The template models had also 30 different poses in
Fig.9.

The parameters of the proposed method were set up as
follows.
• The number of segmentations for a search box (in III.C)

nx= 30, ny= 30, nz= 30.
• The number of segmentations for vertex Gauss spheres

(in III.C) d = 4.
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The actual flow of matching process between two vertex
Gauss spheres is as follows.
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Score in each segment is defined as the normalized
proportion of the number of vertices included in the
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2. Calculate the differences between corresponding
segments for two Gauss spheres by L2 norm.
3. Define the sum of differences as the distance between
these two Gauss spheres.
4. When the distance between two Gauss spheres reaches
minimum, its pair is regarded as the best matching pair.
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In this section, experimental results for the proposed

method are shown. The proposed method was
implemented in C language with OpenGL library support.
As for the description of 3D models the .obj format was
used. 16 models as shown in Fig.8 were prepared. Each of
the models had 30 different poses as shown in Fig.9.
Model01 shown in Fig.8 was used as the template 3D
model. The template models had also 30 different poses in
Fig.9.

The parameters of the proposed method were set up as
follows.
• The number of segmentations for a search box (in III.C)

nx= 30, ny= 30, nz= 30.
• The number of segmentations for vertex Gauss spheres
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removed in this process although it is depending on the
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-The third step

The third step is the "matching" step. In this step, all
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matching pairs are kept. The detailed method to calculate
the distance between two Gauss spheres is described in
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Gauss sphere and the target model Gauss sphere is
calculated. The best matching pose is determined by
selecting the template that yields to the minimum sum of
distances. Simultaneously, the joint positions of the target
3D model can be determined by selecting the best
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sphere is mapping only directional vector information by
nature, dividing areas by angles (θandφ) is reasonable.

The actual flow of matching process between two vertex
Gauss spheres is as follows.
1. Subdivide each vertex Gauss sphere into segments.
Score in each segment is defined as the normalized
proportion of the number of vertices included in the
segment.
2. Calculate the differences between corresponding
segments for two Gauss spheres by L2 norm.
3. Define the sum of differences as the distance between
these two Gauss spheres.
4. When the distance between two Gauss spheres reaches
minimum, its pair is regarded as the best matching pair.

IV. PERFORMANCE EVALUATION OF THE

PROPOSED METHOD

A. Evaluation Condition
In this section, experimental results for the proposed

method are shown. The proposed method was
implemented in C language with OpenGL library support.
As for the description of 3D models the .obj format was
used. 16 models as shown in Fig.8 were prepared. Each of
the models had 30 different poses as shown in Fig.9.
Model01 shown in Fig.8 was used as the template 3D
model. The template models had also 30 different poses in
Fig.9.

The parameters of the proposed method were set up as
follows.
• The number of segmentations for a search box (in III.C)

nx= 30, ny= 30, nz= 30.
• The number of segmentations for vertex Gauss spheres

(in III.C) d = 4.
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Fig.8. 16 models used in the experiments

Fig.9. 30 poses used in the experiments

B. Resolving Power for Different Poses
First, we investigated the resolving power of the

proposed vertex Gauss sphere representation in a
preliminary experiment. In this experiment three Gauss
spheres for 5 poses (pose01 to pose05 in Fig.9) for 2
models (model01 and model05 in Fig.8) respectively were

compared.
Table II shows the result of this experiment. In Table.II,

shaded cells correspond to the minimum distance between
two Gauss spheres. All shaded cells will form a diagonal
line in the case that the resolving power is perfect (100%
accuracy).

As is clear from Table II, different poses can be
separated by the vertex Gauss sphere representation except
for one case (pose04 in model01 vs. pose04 in model05).
As turned out from the conducted experiments, normal and
ridge Gauss sphere representations are not suitable for
separating poses.
C. Joint Detection Power of Three Gauss Spheres

Next, we investigated the joint detection power of vertex
Gauss sphere representation in our experiment. In this
experiment, we used 3 joints (shoulder, hand, knee) of 3
poses (pose01, pose11 and pose21 in Fig.9) for 3 models
(model05, model09 and model13 in Fig.8) respectively.
Table III shows the result of this experiment. In Table III,
shaded cells correspond to the minimum distance between
two Gauss spheres. All shaded cells will form a diagonal
line in the case that the joint detection power of the vertex

Table II: Resolving power of different poses
(a) Vertex Gauss sphere

Model05
Pose
01

Pose
02

Pose
03

Pose
04

Pose
05

Model01

Pose
01

0.077 0.145 0.202 0.207 0.258

Pose
02

0.198 0.069 0.309 0.257 0.318

Pose
03

0.199 0.272 0.176 0.251 0.285

Pose
04

0.241 0.282 0.288 0.304 0.342

Pose
05

0.239 0.300 0.285 0.283 0.134

(b) Ridge Gauss sphere
Model05

Pose
01

Pose
02

Pose
03

Pose
04

Pose
05

Model01

Pose
01

0.395 0.399 0.400 0.396 0.399

Pose
02

0.391 0.392 0.397 0.391 0.395

Pose
03

0.293 0.301 0.295 0.294 0.297

Pose
04

0.429 0.433 0.434 0.432 0.433

Pose
05

0.332 0.337 0.336 0.333 0.334

(c) normal Gauss sphere
Model05

Pose
01

Pose
02

Pose
03

Pose
04

Pose
05

Model01

Pose
01

5.163 2.752 1.980 1.913 1.547

Pose
02

1.975 5.665 1.285 1.521 1.242

Pose
03

1.472 1.107 1.676 1.171 1.042

Pose
04

1.780 1.535 1.507 1.421 1.266

Pose
05

1.389 1.123 1.179 1.177 2.493
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Gauss sphere representation is perfect (100% accuracy).
Table III clearly shows that vertex Gauss sphere

representation realizes high accuracy joint matching (8/9
=88% for each pair of models). Also, it realizes high
accuracy for pose matching (9/9 =100%).
D. Overall Evaluation of the Proposed Method

Finally, an overall evaluation test for the proposed
system was performed. We evaluated the accuracy of
judging the positions of joints of the target model. In this
experiment, we used 570 template data (19 joints in Fig.6
(b) of 30 poses in Fig.9 for the template models in Fig.6
(a)) and 450 target models (15 target models (model02 to
model16 in Fig.8) and 30 poses for each target model).
The results of this experiment are given below.

Table III: Joint detection power of vertex Gauss sphere
representation

(a) model05 vs model09
model05
(pose01)

model05
(pose11)

Model05
(pose21)

S H K S H K S H K

model09
(pose01)

S 0.30 0.52 0.43 0.44 0.45 0.50 0.31 0.38 0.44

H 0.45 0.29 0.56 0.61 0.49 0.59 0.49 0.47 0.52

K 0.51 0.57 0.22 0.44 0.51 0.25 0.36 0.43 0.20

model09
(pose11)

S 0.41 0.44 0.31 0.11 0.36 0.47 0.18 0.28 0.42

H 0.40 0.27 0.48 0.42 0.20 0.57 0.38 0.25 0.52

K 0.52 0.54 0.26 0.49 0.53 0.21 0.40 0.46 0.25

model09
(pose21)

S 0.34 0.35 0.31 0.27 0.34 0.41 0.13 0.25 0.35

H 0.43 0.42 0.45 0.48 0.37 0.50 0.39 0.25 0.45

K 0.44 0.46 0.22 0.40 0.47 0.28 0.32 0.38 0.15

(S : shoulder,  H : hand,  K: knee)

(b) model09 vs model13
Model13
(pose01)

Model13
(pose11)

Model13
(pose21)

S H K S H K S H K

model09
(pose01)

S 0.33 0.52 0.41 0.41 0.54 0.48 0.35 0.47 0.39

H 0.55 0.29 0.62 0.55 0.59 0.56 0.50 0.53 0.49

K 0.51 0.57 0.19 0.43 0.57 0.27 0.42 0.49 0.27

model09
(pose11)

S 0.41 0.44 0.38 0.16 0.40 0.43 0.19 0.36 0.35

H 0.43 0.27 0.48 0.32 0.179 0.53 0.29 0.16 0.48

K 0.54 0.55 0.30 0.47 0.604 0.14 0.45 0.47 0.25

model09
(pose21)

S 0.37 0.37 0.36 0.23 0.405 0.36 0.20 0.34 0.28

H 0.67 0.47 0.44 0.51 0.381 0.44 0.50 0.25 0.37

K 0.56 0.50 0.55 0.48 0.66 0.43 0.48 0.47 0.11

(S : shoulder,  H : hand,  K: knee)

• accuracy of pose estimation is 90.4 % (= 407/450)
• accuracy of joint estimation is 73.0 % (= 6242/8550 =

6242/(15×30×19))
Most errors (mismatching of two joints) occurred in

joints between wrist and the top of a hand or joints
between the ankle and toes. Differentiation is difficult for
these joints due to very small distances.

V. CONCLUSIONS AND FUTURE WORK

In this paper, we propose a novel joint detection method
for 3D models. The feature of the proposed method is to
detect joint positions directly without using skeleton
information.

In general, 3D models describe shape information and
pose information simultaneously. Distinguishing one from
the other seems to be very difficult. However, the
proposed method solves this problem by extracting the

pose information of 3D models by using a vertex Gauss
sphere representation and estimating the positions of joints
correctly regardless of shapes of 3D models by adopting
template matching approach.

As the results of our experiments show that the proposed
method realizes 90% accuracy of pose estimation and 73%
accuracy of joint estimation.

Our proposal has at least the following two
contributions. The first contribution is to make it possible
to extract only pose information of 3D models regardless
of the difference of 3D shapes. In our experiments we
proved that a vertex Gauss sphere representation is an
excellent pose descriptor for 3D models. A second
contribution is the proposal of a novel concept for direct
joint detection without using skeleton information. This
concept is new and is totally different from existing
methods. Unlike existing skeletonization methods, the
advantage of this concept is to avoid error propagation
from skeletonization processes and to control the number
of bones/joints and their structure based on a given
condition (number of bones / joints and their structure).
Thus it practically simplifies the task of mapping existing
motion data to an extracted skeleton. We believe this
feature of the proposed method will contribute the wide
spread of 3DCG creation.

Several improvements can be added to the proposed
method. An important point is the reduction of calculation
costs. The method proposed in this paper requires
comparatively high calculation cost due to the fact that it
generates too many vertex Gauss spheres from a target 3D
model as shown in Fig.7. One approach on this problem is
the employment of a simple skeletonization method in a
first step of our algorithm in order to generate candidates
of vertex Gauss spheres with the property that their centers
lie on this skeletons. This will decrease the number of
Gauss spheres generated for a target model drastically.
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