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CHAPTER 1 

Introduction 

 

Improvement in computing power brings revolution to digital media — the integration of text, 

sound, video, and computer graphics animation. New types of companies, which provide 

digital media content, tools, and technologies are emerging. On the content side, the digital 

media industry promotes new forms of movie production (e.g. Final Fantasy, Shrek 2), virtual 

reality (e.g. 3D online game), and interactive educational products.  On the technical side, 

the digital media industry also promotes tools and technologies for creating, editing, and 

manipulating all forms of digital media contents.  

 

Among these types of digital media, computer animation is the most popular but also the 

most challenging one. Over time, many advanced animation techniques have been proposed. 

These techniques include global and local motion planning, global and local behavioral 

modeling, physical simulation, optimal control, motion capture, and puppetry. This abundance 

of methods stems from applications imposing different requirements and constraints on the 

animation algorithm. 

 

In this thesis, we are interesting in character animation, or more precisely, humanoid’s 

motion and behavior simulation in a virtual environment. Recently, a new concept in 
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computer animation researches, called “digital actors”, is emerging. The basic definition of a 

digital actor is “Animated character whose motion does not need to be explicitly defined by a 

user.” Computer animation for digital actors has been addressed by several research 

communities, and the results of each community are complementary. For example, computer 

Graphics community puts emphasis on the realism of character modeling and motion 

simulation. Realism can be obtained by motion imitation thanks to motion capture 

technologies. 3D scanner can provide a realistic digital model. More recently, the Robotics 

community, mainly in the area of motion planning, starts to address the problem of   

autonomous digital actors with the capacity of task and locomotion planning. The ultimate 

goal of digital actor is to provide an autonomous and realistic animated agent who can sense, 

act, and interact in a virtual environment. In the following sections, we will first introduce 

several animation approaches, and then briefly address the motivations and objectives of this 

thesis. 

 

1.1. Motivations 

The word “animate” means, “to give life to”. Therefore, character animation can be defined as 

giving life to digital actors by making them move in a virtual environment. Two techniques 

are widely used in 3D character animation: key framing and motion capture.  

 

Key framing is the most basic approach supported in every animation tool. The concept 

of key framing is that animators draw important key poses, called “key frames”, of the 

character being animated at certain frame intervals. Then the computers use interpolation to 

generate the sequence of frames called, “in-between”, between two key frames. Creating an 
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animation with key framing requires animators to have high-level animating skills. It usually 

suffers from a great amount of trials and errors to get realistic key movements.  

 

Motion capture is the process of recording a live motion event and translating it into 

usable mathematical terms by tracking a number of key points in space over time and using 

them to obtain a three-dimensional representation of the performance. In brief, it enables the 

process of translating a live actor’s performance into a digital form. Typically, reflective 

markers are placed at the main joints of an actor, such as elbows, knees, ankles and shoulders.  

 

Although much work has been done on synthesizing visually realistic motions for 

real-time animation of humanoids, little research has been done on the problem of gross 

motion planning that generates a feasible trajectory for a virtual human to reach a goal in a 

complex environment. In the next section, we will briefly introduce some desirable properties 

of an autonomous digital actor and discuss the trade-offs between different application 

domains. 

 

1.2. Autonomous Digital Actor 

Many animation methods have been proposed and shown to be able to produce impressive 

results for a specific motion type, such as walking or running on a flat ground. But for more 

complex interactions with the real-life environment, tremendous amount of time and effort are 

still required. Very often it requires an animator to work at a very low-level of abstraction, 

such as directly specifying limb position and orientation. A more natural approach would be 

to have the animator direct the characters, like a movie director directs the real actors. Ideally, 

one would like to create animations by working at the task level, such as “Run to the house 
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through the forest; open the door and walk toward John, slowly”. What we need, in short, are 

digital actors. 

 

Implementing a digital actor usually involves three key problems: character directing, 

motion planning, and animation. The character directing problem addresses the issue of how 

to convey the animator’s or director’s intentions to the virtual character, which is usually 

related to the design of a higher level character animation scripting language [30]. Motion 

planning, often also called path planning, concerns itself with working out the body logistics 

in the global context, such as planning a collision-free body trajectory to reach some 

destination and limb logistics in a more local context, such as planning hand motion to grab 

an object on the desk or efficient foot placements to generate valid walking motions. 

Animation then attempts to implement these plans in a natural looking way. An autonomous 

digital actor can be directed in a more natural way and can provide more degrees of 

interactivity with the environment for a given task, the requirements of digital actors for 

various applications are different. Thus, in the next section, we will discuss the trade-offs 

between different applications.   

 

1.3. Realism vs. Interactivity 

Different applications impose different requirements and constraints on animation algorithms. 

For example, movies often make use of computer graphics technologies to animate various 

digital stuntmen or chimerical beasts. Here, great importance is placed on the most delicate 

details and realism of motion and appearance, while rendering time is of little concern. 

Usually, it takes from several days to months to render a short clip. The CG-rendered cartoon 

features often further trade-in realism for “cartoon physics” and stylized over-exaggerated 
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motions. Stylizing a character with these cartoon features usually relies heavily on 

experienced animators. Video games, on the other hand, usually require real-time animation at 

the expense of details. Since interactivity is the main concern of this application, the 

pseudo-realism, such as pre-rendered textures, is a common approach to achieve this 

requirement. Simulators, such as military trainers, present an even greater challenge as both 

real-time animation and realism are required. The scope of our system falls between video 

games and simulators. We propose an efficient motion planning system that is able to generate 

both realistic global and local motions for the virtual human in real time. For example, given 

the virtual human’s destination, our system can automatically generate the moving trajectory 

and the corresponding locomotion to reach the goal in real time. 

 

1.4. Contributions 

The results of this research may provide a useful reference for researchers attempting to 

synthesis virtual human’s motions to reach the high-level goal in a realistic virtual 

environment. The contributions of our system are listed as follows. 

 

1. We have proposed an efficient planning system that is able to accept task-level 

commands and generate desirable animations in real time. 

 

2. We have proposed the concepts of layered height map, reachability map, and instability 

map to represent the workspace for the virtual human motion planning problem. 

 

3. We have designed a new gross motion planning system that takes the virtual human’s 

kinematic and geometric properties and locomotion abilities into consideration. 
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4. We have designed a path searching algorithm to maintain user preferences on paths 

through adjustable weights. 

 

5. We have implemented a replanning mechanism that is able to efficiently compute an 

alternative path when the local planning fails. 

 

1.5. Mathematical Formulation 

For clarity, here we give some formal definitions of the terms that will be used in the gross 

motion planning problem for the virtual human. The terms adopted here are based on the 

conventions used in [14] which are often used in the robotics and motion planning literature. 

 

1 The 3D environment in which the virtual human moves is called workspace and is 

denoted by W. 

 

2 A configuration of a virtual human is denoted by q, a vector of n real numbers specifying 

values for each of the generalized coordinates. We denote the initial and goal 

configurations as initq  and goalq , respectively. 

 

3 Configuration space or C-space is the set of all configurations of a virtual human and is 

denoted by C. 

 

4 We define the C-obstacle region CCB ⊂ as the set of all configurations Cq∈ where 
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one or more of the links of virtual human collide with any of the obstacles.  

 

5 The open subset CBC / is denoted by Cfree, and it represents the space of collision-free 

configurations in C.  

 

1.6. Organization 

The remainder of the thesis is organized as follows. In the next chapter, we will review some 

related research on autonomous digital actor, discuss first the basic motion planning problem 

and character animation approaches, and then the two-level motion planning approaches. 

Chapter 3 describes the framework for automatically generating character animation, and also 

specifies the problem that should be solved during each phase. Chapter 4 deals with 

construction of the layered workspace. Chapter 5 discusses reachability and defines the 

collision model. In Chapter 6, an efficient path searching algorithm will be introduced. 

Chapter 7 describes the replanning algorithm. In Chapter 8, experimental results that integrate 

both global and local planners are presented. Finally, Chapter 9 summarizes the key concepts 

in this thesis and discusses some possible improvement. 


