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ABSTRACT 
A cyber-character is a kind of artificial life inhabiting a 
virtual world. To be a life form in the virtual world, cyber 
characters need sensors and control systems. The sensor 
system enables the cyber character to recognize not only the 
virtual world but also the real world in such a manner that it 
can respond to user's commands. The control system 
provides the cyber character with life-like behavior by 
generating goals and plans, selecting appropriate actions, 
and finally by animating the character. Users may feel the 
cyber character to be alive because of its close interaction 
and smart performance. In this paper, a cyber-character 
system designed to provide users with a realistic feeling of 
an artificial life is discussed. 

1. INTRODUCTION 

A lot of research efforts have been made to create virtual 
reality, including 3D environment modeling, character- 
design, animation, and motion control. Though research has 
made impress progress, it is still not easy to create the real 
feeling of existence even with surrealistic graphic effects and 
fluent motion synthesis. The approaches of pure synthetic 
environments are constrained to imitations of reality. As an 
alternative, recent research has suggested mixing the real 
and virtual worlds by adding to the user's experience 
realistic cues from the real world [1][3]. 

A cyber character is an artificial life inhabiting a virtual 
environment. To be a life form in the virtual world, cyber 
chhracters need a sensor and a control subsystem [6]. With 
thd help of the sensor system, characters can understand the 
virtual and real environments where they are living and 
communicate with other real or virtual agents in that world. 
The control system of the character selects actions 
appropriate for current goals and situations. It also performs 
detailed motions by moving the joints or muscles of the 
character [7]. 

The sensor system of the character consists of a sensor for 
the virtual world and a sensor for the real world. The sensor 
for the virtual world can be easily implemented utilizing 
available geometric information. But the sensor for the real 
world requires the capability to analyze and understand real 
human's voice and gesture [2][4][5]. 

The control system of the cyber character consists of 
motion-level, action-level, and plan-level control systems. 
The motion-level control system controls the angles of joints 
or parameters of muscles, while the action-level control 
system manages such low-level behaviors as walking atid 
running. Such high-level behaviors as goal-pursuits are 
managed by the plan-level control system. 
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In this paper, the structure of a general cyber character 
system is explained. In Chapter 2, the animation and control 
systems are explained. In Chapter 3, the real-time gesture 
recognition and sensor systems are explained. In Chapter 4, 
we present the experimental results of our character system 
including the sensor and control sub-system. 

2. CONTROL AND ANIMATION 
SYSTEM 

To build an artificial life which can create sensations like a 
living being, we need realistic animations and control 
mechanisms. The control mechanism especially must create 
intelligent behaviors. We will describe the 3D animation 
methods designed to create reality under system constraints, 
and the behavior-based control mechanism to give the 
character intelligent and natural behavior. 

2.1 Animation System 

A realistically animated character requires a complex 3D 
model and high performance rendering system. But reality is 
guaranteed not necessarily by high performance graphics. 
Compromising the goal and system constraints, we modeled 
a character with rigid body and joints, and used key-frame 
animation to generate motion. 

2.1.1 3D Graphics Model of the Character 
The character is composed of geometric components 
connected by articulated joints. The topology of the entire 
model is a tree and each articulated joint has degree of 
rotational freedom and a degree of limited translational 
freedom. Figure 1 shows the tree structure of our model 
whose root node is the body of the character. 

B o d y i N e c k  - Head - 
Eye Eye brow Lip Tongue 

k g  - k g  
(upper) (middle) (lower) t Tail - 

Figure 1. Model hierarchy of a Cyber character 

2.1.2 Key-frame Animation 
In the key frame animation method, we record the 
parameters of model states at discrete time sequences and 
replay them sequentially in run time. A key frame is defined 
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as a set of model parameters which describe joint angle and 
the body translations. 

The key frame parameters can be decomposed into 
distinctive groups of independent motion. Examples of such 
groups are the body-limb group, the head group (with 
complex neck joints), the eye gaze group, the eyebrows 
group, the mouth-tongue group, and the tail group. Motion 
groups are independent from each other, so that they can be 
super-imposed to generate a character's motion in parallel. 
For example, we can make the character wag tails while 
looking around, by composing tail motion and head motion. 

There are several motions playable for each motion group. A 
motion consists of 3-20 sequences of static frames. Each 
frame contains descriptions of specific joints. Usually the 
frames of a motion form a cyclic loop (like walking and 
running). A transition between running and walking loops is 
handled by transitional motion sequences. 'Ihe constraints 
for such loops and branching can be effectively represented 
by a control mechanism known as the automata. 

2.2 Character Control System 

To create an impression of lively existing cyber characters, 
the most important factor is to generate intelligent and 
reactive behavior similar to that of real animals. Lively 
animals improvise actions in reaction to changing situations, 
pursuing several goals at one time. Conventional planner- 
based control mechanisms used for robots are not suitable 
for reactive behavior, though they are apt for enforcing 
scenario-based acting. We adapted the behavior-based 
control mechanism proposed by [SI to create reactive action 
improvisation and also conventional planner-based control 
mechanisms to guarantee complex performance based on 
scenario [9]. 

Our hybrid control system is shown in Fig 2. It consists of 3 
layers of control behavior. 

Motion Level Behavior. There is one behavior for 
each motion group. Each behavior is a kind of an 
automaton whose states are key frames and whose 
edges are transition paths. The control mechanism 
of motion level behaviors is an open 1oop;i.e. it 
doesn't need feedback and just executes given 
commands coming from upper-level behavior. 

Action Level Behavior. These are types of 
behavior, which receive feedback from sensors and 
execute actions reactively by manipulating lower 
level behavior. Behaviors at this level also run in 
parallel and can compete with each other. To 
arbitrate the contention on exclusive resources, we 
gave priority to each behavior. A behavior with 
higher priority can override the control commands 
of behaviors with lower priority. 

Plan Level Behavior. Plan level behaviors control 
lower action-level behaviors to accomplish high 
level goals specified by interaction scenarios. They 
continuously examine the state of the goal pursuits 
and generate the plan, which specify the order of 
activating lower-level behaviors. 
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Control & Animation System 

Plan level behaviors 

I v : ,  
Sensor Action level behaviors I Sensor Image b, Sensing Deciding Acting 1 

Table 1. List of actions used for fetch-object 
scenario. 

3. REALTIME GESTURE 
RECOGNITION 

By utilizing various sensors, the cyber character can 
recognize the state of the environment and interact with 
users in the real world to accomplish interaction scenarios. 
Here we present the details of our sensor system and 
algorithms to analyze images and recognize human gestures. 

3.1 Sensor System for the Cyber Character 

The uses and purposes of the cyber character's sensor system 
can be classified into 4 categories. 

To sense the state of the 'virtual' world 
To interact with other virtual characters 
To sense the state of the 'real' world 
To interact with real human being 
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It is easy to sense the state of the virtual world by utilizing 
geometric scene models. It is not difficult to make characters 
navigate the virtual world without hitting walls or other 
obstacles. Also, sensing other virtual objects like a ball can 
be easily accomplished by looking at the animation 
parameters. But to sense the state of the real world or the 
real human, we need real-time image analysis and voice 
recognition techniques. 

3.2 Real-time Gesture Analysis 

The sensor system should analyze images and recognize 
gestures in real time for characters to interact with the user. 
The flow of our real time gesture recognition system is 
shown in Fig 3. 

=[(e--- I Compute difference 

Plan-level 
behaviors 

Approach-human, 
Sit and Play, 

Fetch-and-Return- 
ball, 

Bring-ball-away, 
Walk-around- 

human, 
Rolling, 

Greetings 

+ 

Action-level Motion-level 
behaviors behaviors 

Slow walk, 
Normal walk, Run, 

Wandering Pick up, Put down, 
Approach Target Sit, Crawl down, 
Avoid Obstacle Roll, Raise hands, 
Look at target 
Sit and rest 

Direct head to, 
Direct eyes to, 

Wink, 
Opedclose Mouth, 

Bark, 
Wag tail 

I I 2. Noise removal 

4. Background 
significant test Image update 

colored region 

6. Estimate I. Recognize i hand position gesture 

Figure 3. Real-time gesture recognition algorithm 

1. Compute difference from background image: We 
require the user's background to be static and calculate the 
difference between the current image and the pre-captured 
background image to extract the user's silhouette. 

2. Noise removal of difference image: Since the difference 
image contains a considerable amount of high frequency 
noise, we filtered it with a low-frequency filter (smoothing) 
to get a more confident silhouette of the foreground subject. 
Small segregated regions are also removed at this stage. 

3. Decide the significance of difference value: If the 
difference value at a pixel is lower than some threshold, we 
assume that the pixel is changed because of illumination 
change or noise. In that case, current pixel value over-writes 
the pixel value of the background image in procedure 4). 
Otherwise, the pixel is thought to belong to a new 
foreground subject, and is classified as a foreground pixel. 

4.Update background image: This processing is required 
because of illumination variation or other noise in the 
background image. 

5 .  Detect skin-colored region: Each foreground pixel is 
classified by comparing its color to recorded skin color. We 
extract the connected components of the skin-colored 
foreground pixels and calculate their center of mass. 

6. Estimate hand position: We label each of the 3 largest 
skin regions with head, left-hand, and right-hand labels. The 
Labeling is based on the size, shape, and position of each 
region. For gesture recognition, the relative positions of the 
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left and right hands in comparison to the body are computed 
and used. 

7. Recognize gesture: We designed a recognition automaton 
whose nodes effectively abstract historical information about 
relative hand positions. Distinctive gestures are recognized 
when some nodes are reached during the operation of the 
automata. 

4. EXPERIMENTAL RESULTS 
Figure 4 shows the configuration of our virtual environment 
which implements the animation, control, and sensor 
systems proposed in this paper. One graphic workstation 
(SGI Indigo2) and two IBM Pc's (Pentium l66Mhz) 
comprise our system. The computers are connected via 
1 OMbps-Ethernet. 

CCD Camera 

Beam 
Projector 

Gesture - 
(Pentium PC) 

Animation, 
Character-control, 
Graphics-video- 
synthesis 
(SGI Indigo2) 

Figure 4. System configuration 

In this research, we developed a dog and a cat character for 
the interaction scenario shown in table 2. User commands 
trigger the plan-level behaviors to activate and the plan-level 
behaviors activate the action-level behaviors that finally 
activate motion-level behaviors. 
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(e) left (f)pick up (g)throw (h) rub smoothly 

Figure 5. Recognizable Gesture Sets 

Figure 6 shows the intermediate and final results of our real- 
time image analysis system. Figure (a) is obtained by 
subtracting the current image from the background image, 
smooth filtering and removing small isolated regions. Figure 
(b) shows the results of skin-colored region extraction, and 
figure (c) shows the detected right hand position overlaid 
with the grid of the hand position classifier. The positions of 
the hand are classified into 6 locations. 

(a) Difference image (b) Skin region (c) Hand position grid 

Figure 6. Intermediate results of gesture analysis 

In figure 7, the actual image displayed on the screen is 
shown. This shows a user interacting with a 'dog' character 
in a mixed environment. The screen is regarded as a mirror, 
which reflects the real user and the surrounding 
environment. The system can provide the user with a feeling 
of coexistence with the 'dog' character in the mixed (or 
mirrored) environment. 

Figure 7. Sequences generated by interaction scenario. 
Upper 3 figures: when the user said 'bring it' command. 
Middle 3 figures: when the user said 'go left' command. 
Lower 3 figures: when the user said 'go right' command. 
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