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Summary

In this paper, we present a new method of motion editing
based on joint classification and discrete blending in order
to efficiently reuse captured motion data. First of all, we
define a joint energy of a character in order to measure the
similarity of motions, and then apply the clustering
technology to the set of joint energy. Hence, we may have
two groups of joints: major joint group and minor joint
group. If the major groups of two given motions have the
same cardinality and the error of their motion energy is
within the given threshold, then we classify the motions as
similar motions. Otherwise, we consider the given two
motions different. Our method may enrich the database of
motion capture data, so plays an important role in digital
contents such as computer game and computer animation.
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1. Introduction

The realistic motion control of characters plays the
important role in 3D computer game and computer
animation. In general, there are two methods to control
realistic motion of characters: key-frame technology and
motion capture technology. The key-frame technology
was used as a standard method of cartoon animation
because it is very simple and cheap. However, the quality
of key-frame animation is poor, so it is not adequate to
high-quality animation. Nowadays, most of animations
request realistic motion control. The motion capture
technology acquires the motion of real actors as it is, so it
may satisfy such requirements. But, it needs additional
effort to make the captured motion data suitable for virtual
spaces such as an animation or a computer game.
Moreover, the cost of motion capture systems is very
expensive, so user may be hard to obtain a variety of
motion data. So users have to modify the captured motion
data and obtain wanted motion in order to solve the high-
cost problem. There are several researches related to
motion synthesis and motion editing. Most of the previous

researches focus attention on rearrangement of frames or
inverse kinematics. The methods are suitable for the case
which makes a character move along a given path or
creates a simple motion satisfied with constraints.
However, they can not create a motion with postures
which are not in real world.

In this paper, we present a new method of motion editing
based on joint classification and discrete blending in order
to raise the ratio of reuse of given motion data. First of all,
we define a joint energy of a character in order to measure
the similarity of motions, and then apply the clustering
technology to the set of joint energy. Hence, we may have
two groups of joints: major joint group and minor joint
group. If the major groups of two given motions have the
same cardinality and the error of their motion energy is
below over the given threshold, then we classify the
motions as similar motions. Otherwise, we consider the
given two motions different. Therefore, if a user creates a
similar motion for a given motion, then we can
recommend that he/she has only to modify the joints of the
minor group below over the limit of the motion energy.

The remainder of the paper is as follows. In Section 2 we
review the existing methods for motion synthesis and
motion editing. In Section 3 we define the joint energy and
then classify the joints by applying a clustering technology
to the joint energy. We explain the motion classification
method based on the joint energy in Section 4. An
efficient motion editing algorithm based on the discrete
blending is shown in Section 5. Section 6 provides a
summary and discusses some future work.

2. Related Work

The several researchers expend a great effort to create the
realistic motion of 3D characters for a decade. There are
rigid methods to control the motion data [1, 2], motion
synthesis algorithms to generate a wanted motion by
utilizing the given data [3, 4], and physically based motion
animation [5]. Moreover, the measurements of the reality
of motion and physical correctness were provided in [6, 7]
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or the analysis on motion data were presented to construct
a larger motion database [8].

The reuse of captured motion data is especially needed in
the field of computer game and crowd animation and the
skeletal simplification plays an important role in such
applications. The previous researches of skeletal
simplification were focus on the improvement of
performance of physically based simulation. There was an
instance to manually simplify the skeletal data for more
fast motion blending in physically based motion creation
system [9]. Most recently, a variety of researches on
skeletal simplification were applied to fast animate the
captured motion data. Especially, JPC (joint posture
clustering) method in [10] extracts the movement of
similar joints for speed improvement of captured motion.
The authors analyzed the transformation of joints for each
frame into the reason of a drop in performance. In order to
solve this problem, they clustered the joints into several
groups based on the similarity of joints and minimized the
transformation of joints. The goal of this method is to
improve the speed of animation, it is not the reuse of a
given motion data. Moreover, the method excludes the
physical properties in joint-clustering process because it
dose not consider the limit of joint’s movement.

3. Joint Classification

In this section, we define the joint energy according to a
given motion, and then classify the joints to two groups:
major joint group and minor joint group. The joints
belonging to major group are representatives of the motion
and so their change has an important effect on the motion.
On the other hand, the change of a joint in the minor group
affects little the motion. For example, we know that a
“shooting™ motion and a “dribbling” motion are different.
The reason is that the major groups of two motions have
different elements from each other and the joint energies
are beyond the limit of the motion energy.

3.1 Joint Energy

First of all, we must have a good grasp of the data
structure which represents well the structure of the human
body in order to classify the joints of given motion data.
There are several data structures such as BVH, HTR, and
ASF. In general, BVH is used as a representative data
structure. BVH has 18 joints and its root is joint “hip” as
shown in Figure 1.

Let J and H be the number of joints in the BVH
skeletal structure and the height of the BVH tree,

respectively. In general, the height of a node in a tree is
the length of a longest path from the node to a leaf, and
the height of a tree is the height of the root. The depth of
a node is the length of the unique path from the root to the
node.
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Fig. 1 BVH hierarchical structure

Now we are ready to define the energy of a joint for a
given motion M, with N frames. Each joint j has the
three Euler angles A, (t) = (X; (1), y; (1), z; (t)) which
represent the relative orientations of the joint to its parent
joint. Now, we define a joint energy E(j) of a joint j as
follows;

3 INLAK(E+1)— Ak (t
E(j:Mi)=W(j)Zz J(I\J;Ia)xA.kJ()§ (1)

, Where A} (0, Aj2 (©), Af (t) are the three Euler angles of

joint j at frame t, MaXA:-‘ is the maximum Euler angle

of the joint j which can be rotated about the k™ axis, and
w(j) is the weight of the joint j. Here the weight is
defined as W(J)=H —d(]), where d(]) is the depth
of the joint | .

3.2Joint Grouping

In this subsection, we classify the joints into two groups:
the major joint group and the minor joint group. First of
all, we compute all of the joint energy for a given motion
data , and then sort the values of the joint energy as shown
in Figure 2. The filled circles present the values of the
joint energy. We apply a general clustering algorithm to
the set of values of joint energy, so that we may have
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several clusters C;;, C;,, -++,Cyy ;). where K(i)is the
number of clusters for a given motion data M . The joints

of the first cluster C;; have a larger energy than them of

the other clusters. We call the first cluster as the major
group and the union of the other clusters as the minor

group. We define the energy of cluster for Cij as
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where‘Cij ‘ is the cardinality of the cluster C;; .
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Fig. 2 Joint Energy Classification

Now, we are ready to recommend the joints to be edited
by the joint energy classification. If user wants to get a
similar motion to a given motion datum, then we

recommend the user to select a joint K from the minor
group and may modify the joint within the limit Dij of its

cluster energy, where the joint belongs to the cIusterCij .
If user wants to get a different motion to a given motion

datum, then we may recommend the user to select a joint
k from the major group.

4. Motion Similarity

We exploit the motion classification based on the joint
classification. Assume that there are two motion data

M,and M, . First of all, we apply the joint classification

to the motion data. If their major groups have the same
joints and the difference between their cluster energies is

within the minimum of the standard deviations of C,, and
C,,, then the two motions are regarded to be similar to
each other.

Fig. 3 TALCHUM : Two sequences of Korean dancing

Figure 3 shows two scenes of “TALCHUM?”, which is a
traditional Korean dancing. Two motions have the same
major joint groups, but the major group energy of the left
TALCHUM are beyond the standard deviation of the
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major group energy of the right motion. So we may
classify the motions to be different.

5. Discrete Blending

Human’s posture may be represented by the translations
and rotations of joints which well resemble the properties
of human structure. Motion is a sequence of postures of
human, so the motion capture data may be represented by
the functions of a time for such transformations of joints.
Figure 4(a) shows a part of motion data, where the
parameters of the horizontal axis and the perpendicular
axis are time and the angle of a joint, respectively. In
general, the motion data may be edited by copy-and-paste
operator to enrich a database of the motion captured data.
This operator surely gives rise to a serious trouble such as
discontinuity in motion editing as shown in Figure 4(b).
The discontinuity of motion data produces the non-
realistic animation of a virtual character. So this problem
has to be resolved in the field of motion synthesis and
motion editing.
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Fig. 4 Motion Editing Process

In general, the solution of discontinuity is to apply
blending technologies to given two curves of continuous
type. However, the type of motion data is discrete and so
the general blending functions are not adequate to this
motion data. We will present a discrete blending method
which can be applied to motion data editing. Figure 4(c)
shows the result of our discrete blending method. The
graph of motion is represented by a dotted curve. That
means data of a discrete type. Figure 5 is a window of our
motion editing tool.
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Fig. 5 Moation Editing Tool

Now, we are ready to explain our discrete blending
method. Let C, and C, be two curves which are

discontinuous at a time instance t, as shown in Figure 6.
Let t; and t, be the time instances where the blending
function starts and ends, respectively. That is, t; is less
than t,and t, is larger than t,. The curve C, has a point
C,, at the time instance t;, C,(t,) = C,,, and the curve
C, has a point C,, at the time instance t, ,

C,(t,) =C;, . The discontinuity appears at time t, as
follows;

Cl(to) = Pl’ Cz(to) = Pz-

Cp
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Fig. 6 Hermit Interpolation

We generate a Hermit curve H , which connects two

points Cp; and P, . In general a Hermit curve is defined

by two end points and their tangent vectors. Here, we
already got two end points, but their tangent vectors are
not defined yet. Hence, we have to find out a discrete
tangent vectors, which are the key points of our method.

Assume that there are N, time samples between t; and
t, . We define the tangent vector of time t, and time {;as
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1/N,(P,-C;,) and 1/ N, (C,, — P,), respectively.
Then we have a Hermit curve samples between t; and
t, as follows;

HA9=CHH39+R}«a—cmwﬁ@)

A

1 3 3
+N_(CP2 —P)H;(s) + P,H; (s),

A
We can generate a Hermit curve H 5 which connects two
points P, and C, by the above process. Assume that
there are N time samples between t,and t,. We define
the tangent vector of time t, and time t, as
1/Ng (P, —C;,) and 1/ N (Cp, — P,), respectively.
Then we have a Hermit curve samples between t; and

t, as follows;

HgszaHa9+§4a—CMHﬂ9

B
L (Coy—P)HE(8) + CppH?
+N_( p2 — P)H; (8) +CpHS(s),
B
There are two curves between t, and t,. The one is the

original curve C_, the other is a Hermit curve H ,. Now,

we blend the two curves between t; and t; as follows;
B(t) = Ha(e)o) + 1~ o(0))C, (A (1),
0<t<1/2,

By the similar method, we may another blending function
of the original C, curve and a Hermit curve Hy as
follows;

B(t) = Hg (, (1)1 - @(t) + o(t)C, (5, (1))

1/2<t<1.
Here,
o(t) =t,
a, (t) =2t
a,(t) =2t -1,

,Bl(t) = 2(t0 _tl)t +1,

,Bz (t) = 2(t2 _to)(t _1) +1,.

This blending method has several advantages. Even
though the numbers of time samples for two time intervals
are different, we can generate smooth animation by the
blending function which reflects the property of a discrete
type. This method can give a rise to a variety of blending
functions according to a weight function @(t) . Figure 7

shows the result of our discrete blending method.
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436 Frame

Fig. 7 Motion editing results: (Left) original motion data,
(Right) edited motion data based on our method.

6. Conclusion

The contribution of this paper is to present an efficient
method to reuse motion data. Our method of motion
editing is based on joint classification and discrete
blending. First of all, we defined a joint energy of a
character so that the similarity of motions can be measured,
and then applied the general clustering technology to the
set of joint energy. Exploiting this joint energy and cluster
algorithms, we could classify the joints to major group and
minor group. The total energy of joints in the major group
may play a role as a measure of motion classification.
Moreover, we present a discrete blending method which is
useful to motion editing since our blending function well
reflects the shape of the original curves. In future, we will
develop a motion editing algorithm which is applicable to
motion data captured from only two cameras.
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