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Abstract 
Being able to create a stylistic animation with 
high-level controls is a design goal for com-
puter animation software. In this paper, we 
propose a procedural animation system, called 
RhyCAP (Rhythmic Character Animation 
Playacting system), that allows a designer to 
interactively direct animated characters by ad-
justing rhythmic parameters such as tempo, 
exaggeration, and timing. The generated mo-
tions can not only reflect the intention of the 
director but also adapt to environmental obsta-
cle constraints. We use the Chinese Lion Dance 
as an example to illustrate the effectiveness of 
the system in generating convincible and ex-
pressive character motions.  

Keywords: Rhythmic Character Animation, 
Motion Planning, Chinese Lion Dance, High-
Level Control 

1 Introduction 
Despite the recent progresses in the field of 
computer animation, synthesizing an expres-
sive character animation with high-level user 
controls remains a great challenge. The key to 
creating expressive motion styles is hoarded 
inside the mind of sophisticated animators. 
Traditional animators create convincible char-
acter motions by specifying how actions were 
spaced according to the personality, character-
istics, and mannerism of a character with the 
physics of movement as well as the aesthetic 
aspect of the animation. From a director’s point 
of view, developing a character motion is very 
similar to the composition of music or the cho-
reography of dance that involves rhythmic pro-
gression. However, realizing these subjective 
factors in an expressive animation is labor in-
tensive. 

Another way to acquire character motions is by 
motion capture techniques. Modern motion 
capture facilities record realistic human figure 

movements. However, once an appropriate mo-
tion clip is captured, it is difficult to modify the 
motion for reuse without referring to its origi-
nal semantic meaning such as satisfying kin-
ematical or geometric constraints. Therefore, 
automatic generation of character motions by 
higher-level user commands from existing data 
remains difficult. 

In this work, instead of interpolating data from 
example motions, we consider a procedural 
method for generating character motions. Our 
idea is to decompose human behaviors into 
elementary actions with the subjective factors 
of motions defined according to the principles 
of traditional animation. By parameterizing 
these subjective factors of a motion in stylized 
high-level animation controls, we are able to 
create a rhythmic character animation from 
high-level user commands.  

This feature will be illustrated by a special 
form of character animation, Chinese Lion 
Dance. It is a traditional Chinese art perform-
ance that people can see in the events of holi-
day celebration such as the Lunar New Year. A 
typical lion costume consists of a large lion 
head with vivid colors operated by one dancer 
and a symbolic body costume operated by the 
other one (see Figure 1). It is typically accom-
panied with several drummers who lead the 
dramatics during the performance. Enacting the 

 
Figure 1: An image of the Chinese lion dance 
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lion in the real life is a great challenge requir-
ing long-time practice and seamless coordina-
tion between the dancers.  

2 Related Work 
Previous research pertaining to human figure 
animation can be divided into three major cate-
gories: simulation-based, example-based and 
procedural.  

Many recent efforts in synthesizing human mo-
tions with user controls address the issues of 
simulation-based character animation. Liu and 
Popovic [9] generate character motions with 
dynamic constraints by detecting phrases in the 
input motion with a sketching tool for anima-
tors. Hodgins et al. [3] simulate several phys-
ics-based athletics with higher-level behaviours 
from global control. The virtual stuntman in [2] 
can perform various repertoires by integrating 
two-level state-space motor controllers. Due to 
the high DOF that a character has, simulation-
based approaches are expensive in either tem-
poral or spatial complexities. It is not easy to 
apply such techniques to real-time animation 
systems in general. 

On the other hand, research efforts on extract-
ing motion style with the example-based ap-
proach are more recent. Style machines [1] 
learn stylistic motion patterns from motion cap-
ture data. Kim et al. [5] synthesize new mo-
tions from example motions while preserving 
rhythmic patterns. Unlike the machine learning 
and pattern recognition techniques, Rose et al. 
[10] create character motions from existing 
animation segments by interpolating “verbs” 
motion with multi-dimensional “adverbs”. Isla 
et al. [4] also model a motor system synthesiz-
ing character animation within a one-dimension 
adverb space. Rather than expressing the ab-
stract motion style directly, our motion-style 
presentation is defined with three concrete 
rhythmic parameters that are more intuitive to 
the end users. 

Creating feasible key poses and then interpolat-
ing between them with a procedural approach 
is an efficient way for generating plausible 
character animations. Research such as IKAN 
[12] intend to find a suitable inverse kinematics 
(IK) algorithm to reduce the complexity of ma-
nipulating human limbs while performing regu-
lar human tasks accurately. By representing it 
in a multidimensional motion space, Rose et al. 

[11] interpolate example motion and position 
with an artist-directed IK algorithm. Our pro-
cedural character motion generating method is 
also based on a simplified kinematical model 
and a rapid IK solver similar to [12]. Li et al. 
had provided a practical method to plan and 
generate lower body human motions proce-
durally [8]. In our work, the key poses are iden-
tified with the traditional animation principles 
and the animation control is constructed by a 
two-level control framework as described in 
the next section. 

3 System Architecture  
The proposed Rhythmic Character Animation 
Playacting system (RhyCAP) is based on a 
two-level animation control framework consist-
ing of four main modules as shown in Figure 2.  
3.1. Playacting level 
We assume that the proposed system is initial-
ized with several human characters as the ac-
tors and a performing space in a 3-D virtual 
environment. The system begins its control 
pipeline with a Playacting Console interface 
accepting play commands from the pre-
choreographed character repertoires. The user 
interface has both a script mode for a pre-
defined listing of plays and an interactive mode 
for run-time user improvising. During run-time 
interpretation, the playacting console allows 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. The schematic view of RhyCAP 
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the user to vary the rhythmic parameters of the 
repertoire playacting and to specific the target 
where the character should pursue.  

Once a play command is issued from the play-
acting console, the Director module is invoked 
to coordinate the actors in the scene. The direc-
tor conducts global synchronization and cen-
tralized control over the actors. The director 
acquires a collision-free path generated by the 
Path Planner module and conduct behavior 
controls (BC), such as steering or following, 
over the actors along the guiding path. In addi-
tion, the director is also responsible for specify-
ing the rhythmic parameters for the play com-
mands sent to each actor. 
3.2. Pose-to-pose level 
In the pose-to-pose level, the Actor module 
behaves as a local control system with a hu-
manoid model and its motor driver. The objec-
tive of the actor module is to implement a 
rhythmic posture controller (PC) for a request-
ing action. Each controller is in charge of gen-
erating a sequence of frames for the desired 
action and then piping them to the real-time 3D 
renderer module for generating the final char-
acter animation.  

The purpose of PC is to generate plausible mo-
tions for the articulated characters. Unlike the 
PD-controllers for the dynamics-based ap-
proaches or the motion synthesis from ex-
tracted features for the example-based ap-
proaches, RhyCAP generates the motions for 
an action in a procedural manner. The anima-
tion procedure is implemented as a sequence of 
pose compositions similar to the pose-to-pose 
development procedure in traditional animation 
production. All the actions are decomposed 
into motion components that are controlled by 
a limited number of controllers with the rhyth-
mic motion parameters described below. 

3.3. Rhythmic motion styling 
One can draw analogy on rhythm between mu-
sic and character motions. Varying the rhythm 
of an action yields different motion styles. The 
RhyCAP abstracts and parameterizes three ma-
jor rhythmic features (tempo, exaggeration, and 
timing) for controlling a stylized character mo-
tion. 

The first rhythmic parameter, tempo, deter-
mines the duration of each action. Note that 
changing the tempo of the controller does not 
change an action from one form into another. 
For example, speeding up a walk action dose 
not result in a run action. The second parameter, 
exaggeration, indicates how these key poses 
are close to the extremes of the limbs or the 
body. For instance, raising one’s hand with a 
fully exaggerated “raise hand” pose extends the 
hand to the extreme. The third parameter, tim-
ing, is related to the speed of an action and is 
said to give both physical and emotional mean-
ing to movement. For example, a lagged prepa-
ration may imply a sudden movement with a 
slow heavy damping to terminate this action. 
RhyCAP uses this parameter to rearrange the 
durations of the phases in an action. 

These three rhythm factors depict a motion-
style space as illustrated in Figure 3. As the 
speed of an action is determined by the global 
tempo in the depth axis, the vertical axis repre-
sents the exaggeration of the key poses while 
the horizontal axis ranges the timing from flu-
ent to fully-anticipated. In general, normal hu-
man motions use an energy-minimized style as 
at the lower-left “moderate” corner. On the 
other hand, expressive cartoons emphasizing 
character motions are closer to the upper-right 
“accentuated” area.  

4 Chinese Lion Dance 
The director of a play teaches the lion dancers 
by describing the actions in martial forms. In 
RhyCAP, we use a playacting script that de-
fines not only the martial form sequence but 
also the corresponding drum beats to choreo-
graph the stances, gestures, and their timing. 

During a lion dance playacting, the dancers 
enact a series of dance forms by following the 
rhythm and tempo of the drum beats. Usually, 
the performance ends with a playacting called 
“Chai Chin” as the lion reaches the props rep-
resenting its food. The objective of RhyCAP is 

 
 
 
 
 
 
 
 

 
 
 

Figure 3. The rhythmic motion-style space. 
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to output a stylized, collision-free lion dance 
animation according to interactive user inputs 
such as specifying the Chin, the desired actions, 
and their correspondent drum beats.  

4.1. Character model 
Each of our humanoid lion dancers is modeled 
as a hierarchical linkage with a tree structure of 
nodes connected by arcs. We simplify the 
complex anthropomorphic structure into 15 
major nodes with a total of 40 DOFs (12 in the 
torso and head, 28 in the limbs) in our virtual 
lion dancer. An action is performed by specify-
ing the end points of the limbs or the root of the 
torso (pelvis). The pelvis has six DOF while 
the arms and the legs rigged with 7-DOF in-
verse kinematics (IK) chains allow six DOF at 
their end-effectors. We have designed a generic 
IK solver similar to [12] such that we can eas-
ily specify the postures in the Cartesian space.  

There are nine primary stances in a Chinese 
lion dance [13]. We have chosen five simpler 
stances which all step on the ground without 
jumping, rolling, or tumbling the knees as 
shown in Figure 4. We have also chosen five 
basic types of gestures for manipulating the 
lion head. The stances (AS) accomplish the 
posture of the martial stances by specifying the 
positions and rotations of the both feet and the 
pelvis. The gestures (AG) are settled relatively 
to the lower body in a both-hand mode.  
4.2. Real-time path planning and following 
We had implemented two behavior controls 
(BC) for the lion dancers: the pursuit behavior 
for the head and the following behavior for the 
tail. Both controls are based on a collision-free 

path generated by a path planner in real time 
for the lion to reach the user-specified goal.  

The adopted path planner utilizes a potential-
field-based technique to search for a feasible 
path [7]. This technique has been shown to be 
efficient in low-dimensioned spaces. Since the 
generated path is only a reference path for the 
lion to follow, the robot (object under planning) 
in this planner is modeled as a circle with an 
appropriate radius to enclose the geometry of a 
dancer. Therefore, the planning problem can be 
simplified into a two-dimensional search prob-
lem. The planner is called whenever a new goal 
is specified and a feasible path is returned if 
one exists for the given grid resolution.  

The pursuing behaviour of the head dancer is 
achieved by maintaining a facing vector along 
the tangential direction of a reference point 
along the generated path. We use the facing 
vector to determine a new pelvis location 
which is in turn used to determine the location 
of the stepping leg. The following behaviour of 
the tail dancer is very similar to the pursuit be-
havior except for that the tail dancer is con-
strained by a distance between the two dancers.  

4.3. Action graph 
Strictly speaking, performing an action is to 
build the exact key poses with an appropriate 
transition from the current martial form to the 
destined martial form (e.g. from a “Horse” 
stance to a “Bow and Arrow” stance). However, 
the number of transitions between actions be-
comes large as the number of available actions 
increases. Nevertheless, we think these motion 
transitions can be decomposed into a few 
elementary motion controllers that are common 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4: Available stances and gestures in the RhyCAP system 
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mentary motion controllers that are common 
for these different actions. In other words, we 
can design our key poses in an action by com-
posing the exact sequence of atomic controllers, 
called posers. Each poser represents a single 
action that shifts limbs or torso horizontally or 
vertically.  

Currently, we have designed nine posers that 
can be used to compose all the actions that our 
dancers can perform. Three posers are for foot 
(PF): shifting (PF1), lifting (PF2) and lowering 
(PF3) a leg. Another three are torso posers (PT): 
shifting between (PT1), lifting up (PT2), and 
lowering down (PT3) the torso. The last four 
are the hand posers (PH): aiming (PH1), push-
ing (PH2), pulling (PH3), and spinning (PH4) 
hands. The PF’s and PT’s are collaborated for 
the lower-body stances and the PH’s is used to 
compose the gestures for the upper body.  

We represent the transitions of these stances by 
a concise graph called Stance Action Graph 
(SAG) as shown as in Figure 5. In SAG, each 
node represents a torso or foot poser while the 
arc between two nodes represents the transition 
between two sets of actions. The arcs are de-
noted by (AFrom, ATo), where AFrom and ATo stand 
for the previous martial form and destined mar-
tial form, respectively. (‘*’ stands for wildcard.) 
The graph is cyclic, and each action begins and 
ends at the same node PT1. The arcs are di-
rected, and each of them is associated with a 
priority. These priorities are used for the nodes 
with multiple outgoing arcs. When there exist 
more than one arc that satisfies the triggering 
condition of a transition, the arc with the high-
est priority is chosen.  

We use an example to demonstrate the compo-
sition of a transition between two martial forms 

with SAG. Assume that our dancer is perform-
ing a series of “Triangle Stepping” actions de-
noted by (AS4, AS4), and we begin at the PT1 
node. The resulting transitions from an AS4 to 
another AS4 is as follows: PT1→PT2→PF2→
PT3→PF1→PF3→PF1→PT1. Similarly, the 
procedures for the gesture actions are repre-
sented as a Gesture Action Graph (GAG). 

4.4. Rhythmic motion styling 
The rhythmic motion control is achieved by 
adjusting the tempo, exaggeration, and timing 
parameters for each action. The tempo parame-
ter RTEMPO is used to determine the duration of 
an action lasting for BA notes with the follow-
ing formula. 

A
TEMPO

A B
R

T ××= 4
1

.)(sec60
 

The exaggeration parameter, REX (0.0~1.0), 
determines how close the postures are to their 
extremes.  

Drawing unevenly spaced key poses is an es-
sence for representing an expressive character 
movement. A common way to express charac-
ter motions is by partitioning an action into 
three phases: anticipation, action, and reaction. 
In our current implementation, we partitions 
the posers in an action into the anticipation and 
the action phases only. The distribution of the 
two phases are determined by the timing pa-
rameter RTIMING, ranging from 0.0 to 1.0. The 
values of 0.0 and 1.0 represent fifty-fifty and 
ninety-ten (fully anticipated) distributions be-
tween these two phases, respectively. 

5 Experimental Result 
All the modules in our RhyCAP system are 
implemented with the Open Inventor API and 
the C++ programming language. The Chinese 
lion dance animations generated by the system 
can be exported into Maya for further process-
ing such as adding secondary or reactive mo-
tions. A sample ray-traced image generated by 
Maya is depicted in Figure 1. 

Figure 6 shows the sequences of three stance 
actions (AS1, AS3) of a lion dancer with differ-
ent degrees of the accentuation for each row. 
The (REX, RTIMING) values from the bottom row 
to the top row are (0.0, 0.0), (0.5, 0.5) and (1.0, 
1.0), respectively.  

In Figure 7, we show snapshots of a lion dance 
play enacted by the coordination of the two 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5: The Stance Action Graph (SAG) 
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lion dancers under the high-level control 
through the RhyCAP interface. The martial 
form actions and drum beat patterns in each 
play were choreographed by referring to the 
literal material of the Chinese lion dance [13]. 
The system also allows the user to modify the 
playacting and the rhythmic parameters interac-
tively via a graphical user interface.  

6 Conclusion 
In this work, we proposed a rhythmic anima-
tion control system, RhyCAP, to create stylistic 
Chinese Lion Dance performance. We had em-
bedded the tips of the traditional animation into 
posture control to create rhythmic character 
motions. We had also designed two behavior 
controls (pursuing and following) to direct the 
characters during a playacting. The control 
mechanism is intuitive for novice users to ani-
mate dynamic characters Besides, RhyCAP 
may also used as an animation prototyping tool 
for choreographers who would like to have a 
preview of an idea before it becomes mature. 
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Figure 6: A stance action from AS1 to AS3 with different REX and RTIMING. 

  
Figure 7: Snapshot of the “Sneaking Lion” play 
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