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Abstract

In this paper, we present a method for the
transformation of motion style. We extract
style features from differences between two
example motions. We then apply the style
features to an input motion to transform it to a
styled motion. For example, we extract style
features that represent “tired” from a walking
motion and a tired walking motion. By
applying the style features to a running motion,
for example, we can transform the running
motion to a tired running motion. We represent
style features as the difference between two
motions in an abstract form. The style features
can be applied to a wide range of input motions
whose motion directions or global translations
are different from the example motions. The
style features consist of postural and temporal
differences between two example motions. To
represent the postural differences, we use the
relative positions of primary body parts instead
of joint angles. The movements of the pelvis
are divided into relative and absolute positions
and orientations. The movements of the end
effectors are represented in local coordinates
computed from motion directions. We present
some experimental results and discuss the
effectiveness and limitations of our proposed
method.

Keywords: motion transformation, motion
feature, character animation.

1. Introduction

There is a great demand for transformation of
human motion data. By being able to modify
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motion data to match the context, existing
motion data can be effectively reused. Some
commercially available animation systems
provide motion editing interfaces for animators
to change motion data in direct ways; for
example, by changing the joint angles or the
position of end effectors on a keyframe.
However, when animators seek to transform a
motion clip, typically they want to change the
style of motion. For example, they may want to
make a walking motion look happy, tired or
excited. It is difficult to realize these kinds of
transformations of motion styles with existing
animation systems since animators have to
repeat small direct modifications to achieve
their goal. Moreover, they are also required to
understand how to change human motions in
order to have them take on the new style such
as happy, tired or excited. Therefore, these
kinds of style transformations are very difficult
and time consuming tasks even for professional
animators.

In this paper, we propose a new motion
transformation technique (Figure 1). We
extract style features between two existing
motion data and apply the obtained style
features to another motion. For example, we
extract style features represent “tired” from a
walking motion and a tired walking motion. By
applying the style features to a running motion,
for example, we can transform the running
motion to a tired running motion.

Motion blending [16][20][14][8] is a popular
method to generate a new motion from some
example motions; however, it cannot solve the
problem we noted above since it simply blends
joint angles of example motions and cannot
handle spatial and orientational differences of
example motions. For example, a strong
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Figure 1: Overview of style transformation.

uppercut motion cannot be generated by
blending a punch motion, a strong punch
motion, and an uppercut motion because the
directions of the hand’s movements are
different between the punch motions and the
uppercut motion. In this case, the differences
between the punch motion and the strong
punch motion are mainly the hand’s horizontal
movements. These features cannot be applied
to an uppercut motion with a motion blending
method because the hand moves vertically in
the uppercut motion. If we blend the strong
punch motion into the uppercut motion, the
hand does not move vertically but horizontally
in the blended motion. Further, a happy
running motion cannot be generated from a
walking, happy walking and running motion.
Blending the happy walking into the running
motion makes the running motion into one
close to a walking motion because not only the
postural differences but also global translations
are blended if using a motion blending method.
We solve these problems by representing style
features as the differences between two
motions in an abstracted form. The style
features can be applied to a wide range of input
motions whose motion directions or global
translations are different from the example
motions. The style features consist of the
postural and temporal differences between two
example motions. For representing postural
differences, we use relative positions of
primary body parts instead of joint angles. The
movements of the pelvis are divided into
relative and absolute positions and orientations.
The movements of the end effectors are
represented in local coordinates that are
computed from the motion directions.

Using our system, a user can first extract style
features from two example motions, e.g. a
walking motion and a tired walking motion

(Figure 1). The user then can generate a new
motion by applying the style features to
another motion, for example, a tired running
motion by applying the “tired” style features to
a running motion. The user also can control the
degree of the application of the style features
using a scaling parameter. In essence, our
system generates one new motion from three
example motions. By storing a number of
extracted style features in a database, we
expect that in the future users of our system
will be able to transform any motion to a styled
motion such as happy, sad or tired, etc., by
selecting appropriate style features from the
database and applying them.

The rest of this paper is organized as follows.
Section 2 introduces related works and
compares their approaches with ours. Section 3
presents an overview of style features. Sections
4 and 5 describe representations of temporal
and postural features, respectively. Section 6
summarizes the extraction and application
processes of style features. In Section 7, we
show experimental results. Section 8 discusses
the effectiveness and limitations of our method.
Finally, section 9 concludes.

2. Related Work

Motion transformation has been an important
animation technique and many methods have
been developed. Forward and inverse
kinematics are the most common basic
methods. By changing joint angles or positions
of body parts, animators can transform a
posture on a motion clip. Signal based
transformation of the angular trajectories of
joints [21] is another basic method. However,
these transformations are kinds of direct
modifications. In order to realize a style
transformation, animators have to repeat these
direct modifications many times and need to
know how to change human motion styles.

There are also more advanced techniques for
motion transformation such as motion
parameterization and motion blending, and
feature extraction and application. Some
researchers parameterize motions in order to
control motion styles. Bruderlin et al. [4] apply
multi-resolution filtering to input motions and
control the set of scaling parameters for each
band of the joint signals for changing the style
of motions. This technique allows users to



interactively change motion styles. Neff et al.
[13] use scaling parameters of joint angles or
hand positions to exaggerate motion data.
These methods are aimed at helping interactive
motion transformation. Using these methods,
animators can edit motion data through
intuitive parameters. However, these methods
limited the type of motions and transformations
to simple ones.

Liu et al. [11] wused nonlinear inverse
optimization to extract control parameters as a
kind of physics-based style feature from
example motions and wuse them with
optimization to synthesis new motions. Their
method is suitable for motion style
transformations caused by differences of
muscle strength or usage.

Motion blending [16][20][14][8][12][1] has
been used by many researchers. By
parameterizing example motions, blend
weights are computed from a given set of
parameters. A new motion is then generated by
blending the example motions with the blend
weights. However, as explained in Section 1,
motion blending is applicable only when all
example motions are similar ones that have the
same motion directions and global translations.
Motion blending works well for interpolation
but not for extrapolation. Therefore, to add a
style to an input motion, we need to prepare an
example motion that is very close to the input
motion and which has the required style.
Motion blending is useful only when an
animator already has the styled motion and just
wants to control the degree of the style.

Style machines [3] or motion graphs [7][10]
can generate new and continuous motions by
connecting small pieces of the example
motions so that the generated motions preserve
the style of the original ones. However, they
cannot be used to change the style of other
existing motions.

Unuma et al. [19] transform joint trajectories of
motion data into a Fourier series and blend the
coefficients of example motions to generate a
new motion. Using Fourier coefficients as
blending parameters, they can efficiently
transform the style of the motion data.
However, their method is specialized to cyclic
motions since they wuse Fourier series
expression. Moreover, the types of styles that
can be realized with their method are limited.
Kawasaki et. al. [6] extracted features between
golf swing motions and applied them to other

golf swing motions of different persons. The
purpose of their work is similar to ours.
However, they used more specific features
such as scaling of joint angles on keyframes,
and the duration between keyframes; therefore,
their method cannot be applied to a wide range
of motions.

Recently Shapiro et al. [17] employed
Independent Component Analysis (ICA) to
extract the style components between two
motions and to apply them to another motion.
Hsu et al. [5] proposed a motion translation
method that learns the relationship between a
base motion and a reference motion using a
linear time-invariant model (LTI). However,
since their method simply learns the translation
between two example motions, example
motions basically have to cover all postures
that appear in input motions. These two
methods [17][5] have the advantage that input
motions are not needed to be aligned to the
example motions. However, since they use
angular trajectories of joints, they cannot
handle variations of motion directions between
example and input motions. For the same
reason, they cannot distinguish global and local
movements of the pelvis. Since they compute
the global translation of the pelvis by
accumulating local translations, the global
translation (e.g. feet step distance or moving
speed) may be affected by local movements of
the pelvis. Moreover, additional constraints on
the end effectors are required to prevent foot
sliding and unnatural motions.

Our work has similarity with [17][19][6] in that
they too extract style features between example
motions and apply them to another one.
However, these methods use joint angles for
style features; therefore, they cannot handle the
directional changes of motions or mixtures of
global and local movements. We represent
style features in an abstracted form and apply
them to a wide range of target motions.

3. Overview of Style Features

We extract style features between a base
motion and a reference one as shown in Figure
1. We suppose that the base motion does not
have any particular style and the reference
motion is the same motion as the base motion
but has a style. The style features are then
applied to another motion utilizing a scaling



parameter to generate a styled motion. We
assume all the input motions are short and of
the same type of action as the base motion. If
users want to transform a long and complex
motion, they will need to divide them into a set
of short and single actions.

To apply our method, a set of keytimes has to
be assigned to all the motions in advance. We
basically divide motions into three segments:
initial segment, main segment, and terminal
segment, and give them keytimes that specify
the transition point between serial segments, as
shown in Figure 2. We also give additional
keytimes to the effective points in the main
segment (e.g. highest point of a jump motion,
contact time of a punch motion, etc.). A user
can specify a number of additional keytimes as
long as they match other motions. Currently,
users have to manually set the keytimes;
however, keytimes are usually obvious and it is
easy for users to specify them. It takes only a
few minutes for each motion, and users do not
have to specify all the keytimes if some do not
exist in the motion. Only specified keytimes
and segments are used in the extraction and
application processes.

As shown in Figure 3, style features SF
consist of temporal and postural differences as
follows,

P [B0-T 000 ]
AQl(Z)"'AQn-l (t)

where 7, (¢) is the temporal feature for the i-th
segment and AP, is the postural feature for the
j-th keyframe, and AQl.(t) are is the postural
feature for the i-th segment. 7;(¢) is a time-
warping function from the base motion to the
reference motion for each segment. AP, is a 39
dimensional vector and represents postural
differences of the human figure in an
abstracted form. AQi(t) is a time-varying
function of the 39 dimensional vector and
represent the trajectories of the postural
differences in each segment.

In the following sections, we explain in detail
temporal and postural features, and the
extraction and application processes.

4. Temporal Features

Temporal features are time-warping functions
for each segment of the base and reference
motions,
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Figure 2: An example of keytimes.
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Figure 3: Style features.
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where ¢, is the normalized time in the i-th
segment of the base motion and ¢ 1is the
normalized time in the i-th segment of the
reference motion. We represent a time-warping
function by a series of sets of corresponding
times between two motion segments.
To construct a time-warping function, we have
to find two corresponding frames in the same
segments of two motions. Searching for similar
postures [10][8] has also been used for this
purpose in previous works. However, this
approach works only when the styles of the
two motions are very close to each other.
Therefore, instead of searching similar postures,
we use a normalized postural progress that
represents how far the current posture has
progressed between the initial and terminal
postures of the segment. We take this approach
since a set of keytimes are given to two
motions in our method, and so we only have to
find corresponding frames in the corresponding
segments of the two motions. Although some
motion blending methods use the same
approach and simply use linear interpolation
[16][14][1] or parametric curves [12] to
compute the corresponding frames, our method
extracts and applies more specific time
variations.



We compute the postural progress for each
motion as follows

J(d/M)=x,((d=1)/Mm)
S(t)==+ fDl 3)
;; x;(d/M)=x,((d-1)/m)|
where x;, (t) is the position of the j-th joint, D
is the number of joints, and M is the number of
frames on the segment. We accumulate the
displacements of joint positions to determine
the postural progress. S(t) represents the
postural progress at the normalize time ¢ on the
motion segment. S(¢) continuously increases
from 0 to 1. Using the S(¢) of each frame in
the corresponding segments of the two motions,
a time-warping function for the segments is
computed.

S

5. Postural Features

In this section, we first explain the proposed
posture representation for capturing postural
features in an abstract from. We also describe
in detail how to represent the positions and
orientations of the end effectors and the pelvis.
We then describe how to extract and apply
postural differences using the posture
representation.

5.1. Postural Representation

We use a 39 dimensional vector P to represent
postural information (Figure 4). Postural
features AP;, AQ, (t) in equation (1) are
represented using this form by computing the
differences between the corresponding postures
of two motions. We basically use the positions
and orientations of primary body parts in this
representation.

To represent postures of each limb, we use the
relative positions and orientations of the end
effectors e, r;, that are represented in the local

coordinates of their base body part (pelvis for
feet and shoulder for hands). Let’s suppose that

€000t Tuonar; @€ the global position and

orientation of the i-th end effector and R,

represents the local coordinates of the base
body part (pelvis or shoulder) of the i-th end
effector. The local position and orientation are
computed by transforming global ones

e r to local ones e,, r; as follows,

global,i > ~ global,i
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Figure 4: Posture representation.

e' = Ril eglobal,i (4)
r = R l‘global i (5)

We use quaternions to represent rotations, I, .

To handle directional differences on the
motions in the extraction and application stages,
we represent the spatial and directional
differences of the end effectors using local
coordinates computed from the moving
direction of the motion data (Section 5.3).

To isolate the absolute and relative movements
of the pelvis, we compute the absolute position,
relative position and relative orientation
P.s> P> 9, » and store them independently

(Section 5.4).

The rotation of the back and neck J, ., J
respectively, are also quaternions and represent
the average rotations of multiple joints on the
back and neck.

neck ?

5.2. Extraction of Postural Features

For postural features we use the postural
difference on each keyframe AP, and the
function of the postural difference for each
motion segment AQ, (7).
For each segment, postural features are applied
to the motion as follows

P (1) =P (1)+
(1-1)AP, + AP, + AQ,(1))s

where ¢ is the normalized time on the i-th
segment, s is the scaling parameter, and
P,.(t),Pl.(t) are the postures of input and
output motions, respectively. Each frame of an
input motion is represented in the abstract
representation P, (z) and AP,, AQ,(7) are
applied to it using the scaling parameter s to
compute the output posture P, (¢) .

The postures of all frames of base and
reference motions are converted into the

(6)
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proposed reference 2
respectively. The differences in keytimes are
then computed as follows,

AP]- = Preference,j - Pbase,j (7)
where P, P

eference. > Poase,; 1€ the postures of the
base and reference motions, respectively, at
bthe j-th keyframe.
Based on the computed postural features of
keytimes AP,---AP, , the postural differences
for all frames on each segment AQI.(t) are
then computed based on the difference between
the reference and the base motions after
equation (6) has been applied as follows.
AQ; (Z ) = Preference,i (t ) - Pbase,i (Z )
—(1-1)AP, —tAP,,
As result, AP, for all keyframes and AQ, (1)
for all segments are computed and stored as
postural features.

representation P,

asc
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5.3. Representation of the Displacements of
the End Effectors

We represent the differences of the positions
and directions of the end effectors in local
coordinates that are computed from the
movements of the end effectors as shown in
Figure 5. For example, if the position of the
hand moves forward between the base and
reference straight punch motions (Figure 5
above), our method transforms the

displacement to the local coordinates of the
hand of the uppercut motion and moves the
hand forward (upward in the world
coordinates) (Figure 5 below).

First, we compute the motion direction of each
end effector on each segment i from the
positions of the previous frame e, . and the

next keyframes e, ;,, as follows,
dbase,i = ebase,i+l - ebase,i (9)
The direction d

local coordinates M

1s used as the Z-axis of the

base,i

a 3x3 matrix. Second,

base >
we use the up-directional vector that crosses
the Z-axis as the Y-axis. Then the Y-axis is
computed from the cross product of the X- and
Z-axes. After constructing the local coordinates
M the difference of the position and
orientations between the base motion and the

reference motion are represented in local
coordinates.

base

Ae = ereference - ebase (10)

Ae'=M, . "'Ae (11)
Equation (10) is included in equation (7) and
equation (8) since e is a part of P. Equation
(11) is then applied to AP, AQ, (t) .
When these features are applied to an input
motion, the local coordinates of the input
motion M, are computed and the vectors are

input
applied in the local coordinates,
Ae" =M. Ae’' (12)

input

e =e  +Ae" (13)

output input

base

As result, even when the directions of the end
effectors’ moments are different between the
base and input motions, appropriate
transformations are realized.

5.4. Computing  Absolute and Relative
Positions and Orientations of the Pelvis

We isolate the absolute and the relative
position and orientation of the pelvis in each
frame to apply their transformations. We
consider that the absolute position and
orientation p, , q,. » respectively, are neutral
positions and the orientations when a human
figure stands without local displacements of
the pelvis (Figure 6). The relative positions and
orientations p ., q,, are considered to be the
differences between the actual positions and
orientations of the pelvis p, q and its absolute
positions and orientationsp,, , q.,. -respectively.



First, we compute the absolute position p,
from the foot positions by supposing the
human figure stands straight with no relative
translations and rotations. In frames where both
feet contact the ground, the horizontal absolute
position (pabs’x,pabsqz) is computed as the
center position between the feet. In addition,
the height of the pelvis in the rest posture is
used for the vertical position p,,. . . When both
feet are not contacting the ground, the absolute
position is computed by linearly interpolating
the absolute positions of the previous and next
frames where both feet do contact the ground.
Second, the absolute orientation q,  on each
keyframe is computed from the absolute
positions of the keyframe p, ., and the
previous keyframe p, ;. Since we make q,,
include only the horizontal rotation, q, is
computed from the horizontal component of
(pabS o1~ Pabs J.) For absolute orientations
during the motion segments, the orientations of
the previous and the next keyframes are
interpolated using spherical liner interpolation
(SLERP) [15].

Once the absolute position and orientation
P...> 4., » T€Spectively, are computed, the local
coordinates of the pelvis M is computed
from the absolute orientation q,,  in the same
way with the local coordinates of end effectors.
The relative position and orientation p , q,,,
respectively, are then computed as follows,

prel = Mbase_1 (p _pabs) (14)

Qe = Mbase_l q (15)
As result, (P, P> Q. ) is stored to represent
the posture of the pelvis in the frame and to
compute the postural features. q,, does not
have to be stored since it is used only for
commuting the local coordinates M

base *

6. Extraction and Application of
Style Features

When extracting style features, the system first
computes temporal features 7(¢) , and then
postural features at keytimes AP,, and finally
the postural features during segments AQi(t)
because we need to find frames that correspond
between base and reference motions; first, for
computing postural features, and then to apply

postural features at the keytimes to the base

motion to compute the postural features during
the segments using equation (8).

Application of style features is processed in the
same order. The scaling parameter specified by
the user is multiplied with all postural features.
Using the scaling parameter, the user can
control the degree of exaggeration of the style
application. During transformation, the posture
on each frame of an input motion is converted
to the abstract representation P(t) . Then
postural features AP/.,AQ,.(t) are applied to
them using equation (6). Based on the modified
parameters, P'(¢), the transformed posture is
computed.

Since we simply add the extracted subtractions
to the positions and orientations, this may
cause unnatural postures. For example, if a
transformation moves down the pelvis on an
input motion in which the position of the pelvis
is already low, the transformed position of the
pelvis may be too much low. To avoid such
unnatural postures, we limit the relative
positions and orientations of the pelvis and the
end effectors to within a feasible range. The
joint rotations of input postures on the limbs
are modified based on the position and
orientation of the end effectors using an
analytical inverse kinematics method [9].

7. Experimental Results

This section shows some experimental results
generated using our method.

All motion clips in our experiments are 30 Hz
motion and stored in a BVH format. The
keytimes for each motion have been specified
manually and extraction and application done
automatically. The computational time for
extraction takes a few seconds (3 to 5 seconds
for the example motions on our experiments)
on a standard PC. We apply style features in
each frame during animation on the fly.
Therefore, the application in each frame also
takes very little computational time. In the
following experiments, we used 1.0 for the
scaling parameter for transformation.

7.1. Result 1: Walking and Running Motion

The first experiment relates to cyclic motions:
walking and running. We extracted three kinds
of features from walking motions (tired, happy,
and drunken) and then applied them to a
running and a backward-walking motion.
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Figure 7: Tired running motion.
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Figure 8: Happy running motion.
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Figure 11: Results of motion blending.

We used one cycle of walking and running
motions and set four keytimes for each motion.
Figure 7 shows the results of a tired running
motion. The “tired” features are extracted from
the walking motion and the tired walking
motion. When the running and tired running
motions are compared, the results of motion
transformation such as deceleration of running,
tilting the upper body forward, and swinging
the upper body laterally can be observed.

These styles have been successfully extracted
from the tried walking motion and applied to
the ruing motion. The tired running motion still
has longer translations compared to the
walking motion because the absolute
movements of the pelvis in the walking motion
are isolated and only relative movements are
applied to the running motion.

Figure 8 is the result of a happy running
motion. The applied features such as
deceleration, vertical pitching of the pelvis and
exaggeration of the swing of the hands and feet
are observed. Figure 9 is a drunken running
motion. Some irregular variations of motion
velocities and directions are applied.

We also applied the same style features to a
backward-walking motion which has different
global translation from the walking motion
(Figure 10). The same types of transformation
with Figure 7 are realized successfully.

For comparison, we have tried to apply a
motion blending method [14] to generate the
same kinds of results (Figure 11). It showed
that the blending method did not work well on
these combinations of motions whose motion
directions and global translations are different
to each other as discussed in Section 2.

7.2. Result 2: QOver Throwing and Side
Throwing Motion

The second experiment is on non-cyclic
motions: throwing and punching. We set five
keytimes for each motion. We first extracted
style features from an over throwing motion
and a strong over throwing motion. We then
applied the style features to a side throwing
(Figure 12) and a straight punch (Figure 13)
whose motion directions of the right hand are
different from the over throwing motions.
Thanks to being able to represent the
differences of the movements of the right hand
in local coordinates, an increase of the right
hand’s movements along the moving direction
is successful applied.
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Figure 12: Strong side throwing.

input: straight punch output: strong straight punch

Figure 13: Strong straight punch motion.

7.3. Interactive Control Style Features

We also developed an interface that a user can
use to control the scaling parameter and to see
the results interactively. Since we simply apply
extracted subtraction to the postural parameters,
using a large scaling parameter (about 1.0 or
larger) sometimes causes motions that are too
exaggerated and unnatural. By utilizing the
interactive controlling interface, a user can
easily choose an appropriate scaling parameter.

8. Discussion

Using our method, the extracted style features
are applied to a wide range of input motions.
As we intended, the extracted style features can
be applicable to input motions whose global
translation is different from the example
motions (Section 7.1) and in which the motion
direction of the end effectors is different from
the example motions (Section 7.2). However,
the kinds of the motions have to be basically
the same. For example, style features from a
walking motion would be difficult to apply to a
throwing motion (cyclic to non-cyclic motion).
Although currently our method does not allow
this, we could apply a style feature extracted

from an end effector to another end effector.
For example, with some adjustments a style
feature of the right hand extracted from punch
motions could be applied to movements of the
left foot in a kicking motion.

Our method relies on given sets of keytimes.
To effectively capture the temporal and
postural features, keytimes have to specify the
exact transition points between two serial
motion segments. Specifying such keytimes is
sometimes difficult since the movements of
body parts are not always synchronized and
appropriate keytimes can vary for body parts.
For example, the transition timings of the
hands and the feet of a walking motion are
slightly different to each other. Currently we
use one set of keytimes for the whole body and
so the style features of some body parts may
not be well captured. Considering these
problems, finding effective keytimes can be
difficult for novice users. Combining an
automatic keyframe detection algorithm [2]
with our method would be helpful.

Our motion transformation is purely kinematic
and for now the physical aspect is not
considered; therefore, it is possible that
physically unnatural motions are generated.
For example, unbalance postures might be
generated during the motion, or the laws of the
gravity might be distorted because of time-
warping. Moreover, self collisions can occur.
Applying a motion filter [18] to generated
motions after motion transformation could be a
solution to such problems.

As mentioned in Section 1, as a future work,
we plan to develop a motion transformation
system in which a number of extracted features
are stored and can be used by users to apply
various styles to input motions. To realize such
a system, we need to find an appropriate style
feature from the database based on the
specified style and the input motion. To make a
motion transformation work well, the selected
style feature should be extracted from example
motions that are close to the input motion. We
need to establish criteria for the element of
closeness between motions, such as the type of
motions (cyclic or non-cyclic), primary body
parts and motion direction. In cases where the
input and example motions are not close to
each other, applying only an abstract feature
such as T, (1), AP, but AQ,(¢) is an option to
might generate better results.



9. Conclusion

In this paper, we presented a method that
applies style features extracted from base and
reference motions to an input motion and so
transforms the input motion into a styled
motion. We represent the difference between
two motions in an abstract form in order to
apply them to a wide range of motions. The
experimental results show that our method
works successfully.

Future work will include the application of
style features to different end effectors,
consideration of variations in body lengths,
better clarification of the applicable range for
our method, and the development of a database
and transformation system.

References

[1] Ashraf G, Wong KC. Dynamic Time
Warp Based Framespace Interpolation for
Motion Editing, Proc. of Graphics
Interface 2000. 45-52, 2000.

[2] Assa J, Caspi Y, Cohen-Or D. Action
synopsis: pose selection and illustration.
ACM Transactions on Graphics (Proc. of
ACM SIGGRAPH 2005), 24(3), 2005.

[3] Brand M, Hertzmann A. Style Machines.

Proc. of SIGGRAPH 2000, 183-192, 2000.

[4] Bruderlin A, Williams L. Motion signal
processing, Proc. of SIGGRAPH 95, 97-
104 (1995).

[5] Hsu E. Pulli K, Popovic J. Style
Translation for Human Motion. ACM
Transactions of Graphics (Proc. of
SIGGRAPH 2005), 24(3), 1082-1089,
2005.

[6] Kawasaki R, Kitamura Y, Kishino F.
Extraction of Motion Individuality in
Sports and Its Application to Motion of
Characters with Different Figures. Proc.
of Computer Graphics International 2003.

[7] Kovar L, Gleicher M, Pighin F. Motion
Graphs. ACM Transactions on Graphics
(Proc. of SIGGRAPH 2002), 21(3), 473-
482,2002.

[8] Kovar L, Gleicher M. Automated
Extraction and Parameterization of
Motions in Large Data Sets. ACM
Transactions on Graphics (Proc. of
SIGGRAPH 2004), 23(3), 559-568, 2004.

[9] LeelJ, Shin S Y. A Hierarchical Approach
to Interactive Motion Editing for Human-
like Characters. Proc. of SIGGRAPH 99,
39-48, 1999.

[10] Lee J, Chai J, Reistma P, Hodgins J,
Pollard N. Interactive Control of Avatars
Animated with Human Motion Data.
ACM Transactions of Graphics (Proc. of
SIGGRAPH 2002), 22(3), 491-500, 2002.

[11] Liu CK, Hertzmann A, Popovic Z.
Learning Physics-based Motion Style
with Nonlinear Inverse Optimization.
ACM Transactions on Graphics (Proc. of
SIGGRAPH 2005), 24(3), 2005.

[12] Ménardais S, Kulpa R, Multon F, Arnaldi
B. Synchronization for Dynamic Blending
of Motions. In Proceedings of the 2004
ACM Siggraph/Eurographics Symposium
on Computer Animation 2004, 2004.

[13] Neff M, Fiume E. Aesthetic Edits for
Character Animation.
Eurographics/SIGGRAPH Symposium on
Computer Animation 2003.

[14] Park S L, Shin H J, Kim T H, Shin S Y.
On-Line Motion Blending for Real-time
Locomotion  Generation.  Computer
Animation and Virtual Worlds, 15(4),
125-128, 2004.

[15] Pletinckx D. Quaternion calculus as a
basic tool in computer graphics. The
Visual Computer, 5(2), 1989.

[16] Rose C, Cohen M F, Bodenheimer B.
Verbs and Adverbs: Multidimensional
motion interpolation. IEEE Computer
Graphics and Applications. 18(5), 32-40,
1998.

[17] Shapiro A, Cao Y, Faloutsos P. Style
Components. Proc. of Graphics Interface
2006.

[18] Tak S, Song O Y, Ko H S. Spacetime
Sweeping: An Interactive Dynsmic
Constraints Solver. Proc. of Computer
Animation 2002, 2002.

[19] Unuma M, Anjyo K, Takeuchi R. Fourier
Princeples for Emotion-based Human
Figure Animation. Proc. of SIGGRAPH
95, 91-96, 1995.

[20] Wiley D J, Hahn J K. Interpolation
Synthesis of Articulated Figure Motion.
IEEE Computer Graphics and
Applications, 17(6), 39-45, 1999.

[21] Witkin A, Popovic Z. Motion Warping. In
Proc. of SIGGRAPH 1995, 105-108, 1995.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


