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Pin-Chou Liu, Fu-Che Wu, Wan-Chun Ma, Rung-Huei Liang, Ming Ouhyoung
Communication and Multimedia L aboratory
Dept. of Computer Science and Information Engineering
National Taiwan University
{toby, joyce, firebird, liang} @cmlab.csie.ntu.edu.tw, ming@csi e.ntu.edu.tw

Abstract

A method is proposed in this paper to automatically gen-
erate the animation skeleton of a model such that the model
can be manipulated according to the skeleton. Wth our
method, users can construct the skeleton in a short time,
and bring a static model both dynamic and alive.

The primary steps of our method are finding skeleton
joints, connecting the joints to form an animation skeleton,
and binding skin vertices to the skeleton. Initially, a repul-
sive force field is constructed inside a given model, and a
set of points with local minimal force magnitude are found
based on the force field. Then, a modified thinning algo-
rithm 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 ver-
tices and joints. In order to build the repulsive force field,
hundreds of rays are shot radially from positions inside the
model, and it leads to that the force field computation takes
most of the execution time. Therefore, an octree structureis
used to accelerate this process. Currently, the skeleton gen-
erated from a typical 3D model with 1000 to 10000 poly-
gonstakeslessthan 2 minutes on a Intel Pentium4 2.4 GHz
PC.

1 Introduction

Because of the improvement of the computer graphics
technologies, more and more virtual characters take their
places in commercial industries. For example, we can see
dinosaurs chasing people in " Jurassic Park”, and monsters
scaring children in "Monsters, Inc.”, etc. The need of com-
puter animation becomes an essential issue nowadays. Pos-
ing isaways an important topic in computer animation. Itis
impossible to pose a 3D model by changing every polygon
positions directly. Therefore, using the articulated model
that has an animation skeleton (sometimes called Inverse-

Kinematics or control skeleton) will facilitate the posing
process, and all the movements can be accomplished by
just adjusting corresponding parts of the animation skele-
ton. There are many animation packages which provide
such functionalities for users to construct animation skele-
tons for 3D models. However, these packages are complex
and difficult for an inexperienced user, even a well-trained
animator still requires several hoursto finish hisjob.

In this paper, an automation algorithm is proposed to
generate animation skeletons from models. Initialy, we
build the repulsive force field by shooting rays from sam-
ple pointsinside the model to compute the force magnitude.
The repulsive force we used here is similar to electro-static
force, which leads to an interesting phenomenon: elec-
tromagnetic shielding effectiveness. It stands for that the
model surfaces which are invisible from a sample point do
not contribute to the repulsive force. We choose the points
with local minimal force magnitude as joint candidates. Af-
ter a modified thinning algorithm being applied, we deter-
mine the final joints and generate the skeleton. Finally, skin
vertices are bound to the skeleton joints such that we can
use the skeleton to pose the input model.

2 Previous Work

Intuitively, Medial Axis Transform (MAT) [5] is a typi-
cal approach to construct skeleton directly from the Voronoi
diagram of the object surface points [2, 11, 13]. How-
ever, the MAT skeleton is often too noisy, and several algo-
rithms such as pruning or bifurcation are proposed to solve
this problem [3, 6, 12, 16]. In genera, the MAT skele-
ton is not appropriate for animation use. People aso try
to build skeletons by constructing a discrete distance field
by means of the voxelization of the object [4, 7, 18]. Af-
ter obtaining a distance field, one may use methods such
as thinning [10, 15] or extraction [17] to get the skeleton.
A comparatively diverse method is to use the Reeb graph
[8, 9, 14]. This method produces good one-dimensional
skeletons which fit the shapes of the 3D models.



3 Proposed Algorithm

The primary goa of our system is to automatically con-
struct the animation skeleton for a given model. As a
good automation algorithm, it only requires two parame-
ters, which are Octree-Level and Voxel-Sze. Mostly, we can
generate reasonabl e results by default settings. The input of
our system is restricted to triangulated polygonal models,
which may contain single or multiple individual parts. For
uniformity, we scale the model initially so that its bounding
box liesjust inside an unit cube.

3.1 Buildingthe Repulsive Force Field

A modified voxelization is used to construct the repul-
sive force field, with the resolution being defined by Voxel-
Sze parameter. We shoot one ray from the center point of
each voxel to check if the point isinterior or exterior of the
model. The more interior points, the better skeleton can be
constructed. However, how to get the appropriate number
of interior points still depends on the shape of the model.
Next, about 100 rays are shot radially from each interior
point to compute the repulsive force, as shown in Figure 1.
We use a mathematical method [1] to generate the direction
of these rays so that they are evenly distributed. We use s;
to represent a unit vector along the direction of ray . Then,
the repulsive force F;. at aninterior point p is calculated as:

. N
Fi(p)=>_ f(lri —plly) - 5

i=1

where N isthe number of rays, r; is the intersection point
of aray i on the surface. In herewetake f(x) = =2 asthe
Newtonian potential function. While calculating the repul-
sive force, the smallest length between r»; and p is recorded
for later use.

3.2 Constructing the Octree Structure

To speed up the repulsive force field construction pro-
cess, an octree structure is introduced to our system. The
original time complexity for each ray intersection is O(n),
where n isthe polygon number of the input model. We now
use the octree structure to reduce the complexity to the con-
stant time. The basic idea is that we construct an octree
structure for the input model, so that each leaf node owns
only one or two triangles. Thus, the complexity is reduced
to O(c x m), where m isthe level of octree structure and ¢
is a constant number of the triangles owned by leaf nodes.
We use a projection method to assign the triangles instead
of splitting them into different nodes. At first, we project
each triangle to x-y, y-z, and x-z planes, and then we de-
termine which child nodes are occupied by the projected

Figure 1. Rays are shot radially to compute
the repulsive force. The gray lines repre-
sent the ray directions and the black arrow
indicates the direction and magnitude of the
force.

triangle. After merging the three results, we assign the tri-
angle to proper child nodes, and recursively repesat the pro-
cess for each child node until the level of octree equals to
the Octree-Level parameter. The construction process of a
10-level octree completes only within 2 seconds for amodel
which is composed of 5000 triangles. After the octree struc-
ture being built, the performance improves about 10 times
than the brute force sampling process.

3.3 Skeleton Construction Process

After obtaining the force field, for each point we com-
pare its force magnitude with the 26 neighbors. We mark
the local minimum points as the skeleton joint candidates.
Based on these candidates, we want to determine the final
jointsand ahierarchical relationship among thejoints. First,
a modified thinning algorithm for volume data is used to
find the hierarchical relationship. A traditional thinning al-
gorithm removes undesired points from the surface toward
inside until athreshold isreached, but the result often forms
amedia surface instead of a skeleton. We modify the algo-
rithm such that we remove points from the ones with higher
force value toward the ones with lower force value until
there is no more points can be removed. In addition, we
define two rules by which the points can’t be removed:

1. The point isone of the joint candidates.

2. After the point is removed, its 26 neighbors will be
divided into two or more parts.

Thefirst rule ensures that the thinning process not only pre-
serve the important feature parts but prevent the result from
the noise interference. The second rule checks the local
connectivity to keep the rest points being 26-connected dur-
ing the thinning process. The reason why we don’t check
the global connectivity is that checking the global connec-
tivity will create a C-shaped skeleton for a donut model,
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Figure 2. lllustration of the skeleton construction process. (a) Original 3D model. (b) Locate local
minimum points in the repulsive force field and apply the thinning method to get the initial skeleton.
(c) Final result after the initial skeleton being refined.

while our method will create an O-shaped skeleton. From
amathematical viewpoint, the O-shaped skeleton conforms
more to the topology of the donut.

After the thinning process, the rest points form a rough
skeleton. We add the points that have more than two neigh-
bor points to joints candidates. Based on the connectivity
among the rest points, abreadth-first search algorithmis ap-
plied to connect those candidates. However, sometimes the
number of the candidates is too large such that it is hard to
form an appropriate skeleton. We use the previous recorded
shortest distance to the surface of each candidate joint to
group those candidate joints, and merge their connections.
Then, in each group, we choose the one with minimal force
valueto bethefinal joint. Figure 2 reveals the skeleton con-
struction process.

3.4 Binding Skin Vertices

Once we get the skeleton, we bind the skin verticesto its
joints. The relationship between a skin vertex and all joints

is calculated as;
N
Ti = ij X tj
j=1

where, T; isthe transformation matrix of a skin vertex 7, N
is the number of the nearby joints, and ¢; isthe transforma-
tion matrix of ajoint with aweight w;. When the skeleton
is adjusted, the transformation matrices of the joints will
be applied to the skin vertices with this weighting function.
There are two types of skin vertices binding. If we attach a
rigid model, such as a table or a robot, to its skeleton, the
movement of its skin is supposeed to be inflexible. There-
fore, it is easy that we can only anchor a skin vertex to one
nearest joint, and the weight of this nearest joint is set to
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Figure 3. Binding skin vertices.

1. On the contrary, if we attach an animal or a human to
his skeleton, we expect the vertices to transform smoothly
and vividly. Conventionally, as Figure 3 shows, a skin ver-
tex needs to be anchored to several nearby joints and we
compute the weights for these joints as:

D—d;
(S—=1)xD

Wi =

where S is the number of nearest joints (equals to 4 in this
case), d; isthe distance between the skin vertex and a near-
est joint, and D is the sum of al d;. Our method doesn’t
transform the coordinates of skin vertices into the local co-
ordinates of skeleton joints, and it is compatible with many
3D software or libraries, such asMaya, 3D Studio Max, Di-
rect3D, and so on.

4 Reaults

Averagely, we can produce reasonably good results from
3D models which contain around 10000 triangles within 2
minutes. In most cases, the method generates the skeleton
in few minutes. Figure 4 shows the animation sequence of a
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Figure 4. Animation sequence of a hand model.

hand model which is driven by the generated skeleton. The
skeleton preserves primary features of the model which are
very important for modelling and rigging. It also conforms
to the topology of the model, as shown in Figure 5. More
skeleton results are shown in Figure 6 in color.

5 Conclusionsand Future Work

Anrobust algorithm is proposed to facilitate the skeleton
construction process and help animators to speed up their
jobs. Furthermore, this algorithm achieves a higher de-
gree of automation than previous methods, and it produce
the animation skeleton of relatively good quality with lit-
tle user inputs. We use the repulsive force instead of the
Euclidean distance value, so that we can prevent our algo-
rithm from generating ambiguous joints. Thus, the skeleton
results are more consistent. For example, the algorithm pro-
duces only onejoint from a disk-like model, while the other
methods which use distance value may produce many can-
didates with same values.

At present, the resolution of the voxelization isfixed and
tiny details of the model may be disregarded. For that rea-
son, it isimportant to use a multi-resolution voxelization to
determine more precise joint positions.
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Figure 5. The generated skeleton conforms to the topology of the model. (a) A gunes-1 model and
its skeleton. (b) A gunes-2 model and its skeleton.
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Figure 6. Three skeletons and their different posing results. Our algorithm only requires two param-
eters, which are Octree-Level and Voxel-Sze. Averagely, we can produce reasonably good results of a
model with 10000 polygons within 2 minutes.




