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ABSTRACT

In this paper, we present our effort in building NetICE, Networked Intelligent Collaborative

Environment. NetICE is a virtual environment that allows users to communicate remotely without

realizing any limitation of the physical network that connects them. That is, the users can communicate

with each other freely in this virtual environment as if they were face-to-face in the same room. In this

virtual space, animated human-like characters, referred to as avatars, are used to represent the users.

NetICE tries to reproduce an actual conferencing settings and is a possible replacement of the plain-old

telephone service (POTS) network. To achieve this goal, several technologies such as real-time

spatialized audio, face and eye tracking are integrated into the environment to provide consistent spatial

relationship among users, both visually and acoustically, and to preserve the eye contact and the sense of

immersion. Moreover, prediction of users’ movements in the virtual environment is utilized in order to

reduce the load on the server and on the transmission network. In addition, realistic rendering of an

avatar is accomplished by capturing the image of the user’s face from live video and texture-mapping it to

the avatar’s face. To make the virtual enviromnent even more realistic, we take a step further to use

image-based rendering for creating the room and other objects in the virtual environment. While

minimizing the number of physical camera positions and the number of pictures captured at each camera

position, we propose several criteria to evaluate a physical camera trajectory for capturing the images.

We propose a new compression scheme by predicting the image using the mosaic image with motion

estimation. We introduce line-space sampling and use it to explain the reconstruction of new views and

the compression results.



Table of Content

1 Introduction ............................................................................................................. 3
2 NetlCE System Description ..................................................................................... 5

2.1 Intelligent Network .......................................................................................... 5
2.2 Smart Terminals .............................................................................................. 7

2.2.1 Immersive Environment ........................................................................... 7
2.2.2 Speech and image processing techniques ................................................ 11

3 Realistic Video Avatar ........................................................................................... 14
3.1 System Description ........................................................................................ 14
3.2 Facial feature extraction ................................................................................. 15

3.2.1 Facial feature extraction for input video sequence .................................. 15
3.2.2 Facial feature extraction for generic 3D mesh model .............................. 16
3.2.3 Composite texture mapping .................................................................... 17
3.2.4 2D projection ......................................................................................... 18

3.3 Correspondence matching .............................................................................. 18
3.4 Deformation of generic model ....................................................................... 19
3.5 Texture mapping and rendering ..................................................................... 19

4 Motion Prediction of the avatar ............................................................................. 20
4.1 Introduction ...................................................................................................20
4.2 Polynomial extrapolation ............................................................................... 20
4.3 Dynamic-based prediction ............................................................................. 22
4.4 Experiment and Results ................................................................................. 22

5 Application of Line-Space for light ray representation and image compression in
Image-based Rendering ................................................................................................. 24

5.1 Introduction ...................................................................................................24
5.2 Camera trajectories for image capturing ......................................................... 25
5.3 Line Space .....................................................................................................27
5.4 Image Compression using Mosaic .................................................................. 30

5.4.1 Experiment ............................................................................................30
5.4.2 Result .....................................................................................................31
5.4.3 Discussion ..............................................................................................32
5.4.4 Explanation using line-space .................................................................. 33

6 Conclusion and Future work .................................................................................. 35
7 Acknowledgement ................................................................................................. 36
8 Reference ..............................................................................................................37



1 Introduction

It has been shown that the quality of audiovisual communication, such as in video

telephony and videoconferencing, can be improved by combining speech and image processing

techniques in an unconventional way. In particular, it has been shown that the lip

synchronization can be improved by utilizing speech recognition followed by facial image

analysis and synthesis [1]. In addition, by giving the computer an eye (the camera) and an ear

(the microphone), multimodal interfaces can be built to enable the computer to interact with the

human user naturally.

In NetlCE, animated human-like characters, referred to as avatars, are used to represent

the users. Several teclmologies such as real-time streaming audio, spatialized 3D sound, face and

eye/gaze tracking are integrated into the environment to provide consistent spatial relationship

among users, both visually and acoustically, and to preserve the eye contact and the sense of

immersion. When walking, the avatar’s legs are animated to simulate human movements. The

avatar can also make hand gestm’es to allow a greater degree of interaction. For instance, the

avatar may raise a hand before speaking in order to get the attention of other users. Further, the

hand gestures can be driven by the energy of the user’s speech to enhance the speech

communication.

When an avatar moves, its position is needed to be sent to different users present in the

NetICE environment. Often there exists correlation between the positions. We would like to

exploit this correlation so that we can reduce the network traffic. To remove the redundancy,

motion prediction of the avatar’s positions is performed using two different extrapolation

methods: polynomial-based extrapolation and prediction based on physical dynamics.

To achieve better animation, a realistic video avatar is implemented by combining the

video images onto the avatar graphic models. Facial features from the video images and from the


