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CHAPTER 3

Rhythmic Motion Control

In this work, the controllable character animation with various motion styles is realized by a 

Rhythmic Motion Control (RMC) scheme. This mechanism provides animated characters with 

a simple control interface that can be used to perform versatile stylized actions via elaborated 

rhythm parameters. To make RMC practical in creating dramatic character animations in a 

higher user-level manner, a Rhythmic Character Animation Playacting (RhyCAP) system is 

proposed on the basis of the RMC scheme. The RMC scheme defines the domain of the 

character motion control and style while the RhyCAP supervises the playacting of the 

character animation under the high-level guidance of the users. 

In the following sections, Section 3.1 introduces how RMC represent a rhythmized 

motion style while Section 3.2 presents the global motion and locomotion control techniques 

of the animated characters used in RMC. At the end of this chapter, Section 3.3 illustrates the 

architecture of the RhyCAP system which fulfill the rhythmization and high-level control of 

the character motion with the RMC scheme. 

3.1 Rhythmic Motion Styling 

The term “rhythm” was defined as the aspect of music comprising all the elements (as accent, 

meter, and tempo) that relate to forward movement [17]. Changing the rhythm of music 
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effects the strong and weak presentation as well as the speed of the melody. One can draw an 

analogy between this and character motions since similar actions may consist of the same 

progression of poses but with variation on tempo, exaggeration and timing of each pose. 

Varying the rhythm of an action yields different styles of motions. The RMC abstracts these 

three major elements of rhythm from character motions, i.e. the Tempo, Exaggeration, and 

Timing, and parameterizes these features into a stylized motion control.  

3.1.1 Tempo, Exaggeration and Timing 

In the musical composition, tempo is measured according to beats per minute. For example, a 

very fast tempo, prestissimo, has a value between 200 and 208 beats per minute while the 

slowest tempo, largo, has a value of 40 to 60 [29]. In the RMC scheme, specifying such a 

“Tempo” parameter determines the duration of each action. Note that since different forms of 

action consist of different key poses, changing the tempo of RMC does not change an action 

from one form into another. For example, speeding up a walk action dose not result in a run 

action as both a fast walking and a slow running are meaningful in the presentation of 

character animation. 

The dynamic markings on a music score are used to denote the loudness or softness of a 

music composition. For example, the term piano (p) is used to indicate softness and forte (f) 

to indicate loudness [29]. Similarly in the presentation of character motions, animators also 

exaggerate the constructing poses as a special emphasis on an action. In RMC, the 

“Exaggeration” parameter indicates how these key poses are closed to the extremes of the 

limbs or the body. For instance, raising one’s hand with a fully exaggerated “raise hand” pose 

manipulates the hand to the extreme height that the arm can extend. 
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Regulating the timing of a rhythm is subtle but results in a significant effect on both 

visual and aural senses. The speed of an action, i.e., timing, is said to give both physical and 

emotional meaning to movement [12]. While presenting a character motion, traditional 

animators usually allocate an appropriate amount of time on the anticipation of an action, on 

the action itself, and on the reaction to the action. For example, a lagged preparation may 

imply a sudden movement with a slow heavy damping to terminate this action. Relating this 

to a jump action, a deep sink induces a swift leap and an extra time to keep steady after 

landing. RMC reflects these effects with a single “Timing” parameter that rearranges these 

phases of an action. 

3.1.2 The Rhythmic Motion-style Space 

These three rhythm factors depict a motion-style space as illustrated in Figure 3.1. As the 

speed of an action is determined by the global tempo in the depth axis, the vertical axis 

represents the exaggeration of the key poses while the horizontal axis ranges the timing from 

Figure 3.1: The rhythmic motion-style space. 
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fluent to fully-anticipated. In general, normal human 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. The term “Rhythmic 

Motion Styling” (RMS) in this thesis means locating a specific style in the rhythmic 

motion-style space via the rhythm parameters. 

3.2 Autonomous Character Motion Control 

An ideal motion control mechanism should deal with the underlying low-level routines and 

uplift the control interface as intuitive to the user as possible. The RMC decouples character 

motion into two levels of control. The upper-level control, the Behavior Control (BC), steers 

the direction of the movement while the lower-level control, the Posture Control (PC), is used 

to arrange the stylized locomotion of the animated characters. This section briefly describes 

the control techniques used in RMC scheme. 

Figure 3.2: An example of a 2-D motion path. 
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3.2.1 Behavior Control 

Mostly, the movement in the presentation of character animation shows one’s intention in 

moving toward distinct directions rather than just wandering. For those actions with the 

intentions to move a character from one location to another desired goal location, a 

collision-free path generated automatically can be used to guide the behavior control (BC) of 

a character. A path is an ordered sequence of configurations representing a considerable 

“road” from a starting point to a destination as shown in Figure 3.2. RMC steers the character 

through a path during the playactings of character animation for the pursuit and following 

behaviors. In order to generate such a collision-free path automatically, the RhyCAP system 

integrates a global path planner which will be introduced in Section 3.3. 

3.2.2 Posture Control 

The purpose of the posture control (PC) is to generate plausible locomotion for the articulated 

characters to make them behave like humans or creatures. Unlike the PD-controllers for the 

dynamics-based approaches or the motion synthesis from extracted features of the 

example-based approaches, RMC generates the locomotion for versatile actions in a 

pose-composition manner. The composition may be treated as an implementation of the 

pose-to-pose development procedure of the traditional animators. PC handles postures with 

various types of procedures that encapsulate the knowledge of manipulating accurate, 

appealing poses under the consideration of traditional animation principles. The knowledge is 

effective due to the long-standing experiments of the animators but also efficient for 

processing without heavy computation.  
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Since the composition of locomotion is also regarded as composing some forms of the 

rhythmic motions, the PC procedures create the adjustable postures rather than fixed key 

poses. Hence, rhythmic motion styling is made feasible by regulating the timing between 

poses and exaggerating them with RMC PC. All possible actions are aggregated by reusing 

and rearranging a limited number of PC procedure types. 

Figure 3.3: The schematic view of the Rhythmic Character Animation Playacting 

(RhyCAP) system. 
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3.3 Overview of the RhyCAP System 

To employ RMC in the creation of stylized character animations, our RhyCAP, the Rhythmic 

Character Animation Playacting system, is implemented with a low-level of animation control 

framework. Four main modules as shown in Figure 3.3 are in the RMC scheme. The 

abstraction of the character animation control is built from bottom up, i.e., from the 

locomotion composition block to the user input interpretation module. In the controlling flow, 

the master modules derive stylized animation control from its upstream and then manage 

appropriate componential controls with the corresponding rhythm parameters to the 

downstream. The following subsections will examine both levels and their animation controls. 

3.3.1 The Playacting Level 

This proposed system is initialized with a performing space in a 3-D virtual environment and 

several articulated humanoid characters as the actors. In a stylized character animation 

performance, we expect that the users would like to directly specify desired repertoires such 

as the human tasks or maneuvers and modulate the motion style by varying its rhythm. Hence 

the system begins its controlling pipeline with a Playacting Console. The playacting console 

provides an input interface to access a set of Play commands which are 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 runtime user improvising. During runtime interpretation, the 

playacting console allows users to vary the rhythm parameters of the repertoire playactings 

and to specific the target where the character should pursue.  
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Once a play command is issued from the playacting console, the Director module is 

invoked to coordinate the actors in the scene by requesting repertoire acting. Since characters 

should follow rules of human behavior while obeying the requesting actions, the director 

performs global synchronization and centralized control of the actors. Obstacle avoidance and 

goal location arrival in director control makes use of a guiding collision-free path generated 

by a Path Planner. The director module accommodates the RMC BC such as steering on the 

path or following a target. The director accomplishes the resulting behaviors with the rhythm 

of motion style by casting the Action commands to each actor in the virtual environment. 

3.3.2 The Pose-to-pose Level 

In the pose-to-pose level, the Actor module behaves as a local control system with a 

Humanoid Model and its Motor driver. The main job of the actor module is to implement the 

RMC PC for locomotion composition with the requesting actions. PC is achieved by 

composing a series of the internal Pose commands to manipulate each portion of the 

humanoid model such as the limbs and the body. The interpolated frames for the animated 

Figure 3.4: The hierarchy of the RhyCAP commands. 
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characters were then piped to the real-time 3D renderer for generating the final character 

animation. A hierarchical flow chart of the animation control which is derived by the play, 

action and pose commands can be illustrated as Figure 3.4. 


