
Building a Virtual Collaborative
Environment with Image-Based

Rendering

Wing Ho Leung

1999

Advisor: Prof. Chen



BUILDING A VIRTUAL COLLABORATIVE ENVIROMENT
WITH IMAGE-BASED RENDERING

by

Wing Ho Leung

A thesis submitted in partial fulfillment of the requirements
for the degree of

Master of Science

Carnegie Mellon University
Pittsburgh, Pennsylvania 15213

December 3, 1999



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.
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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



graphic models are first extracted to define a set of correspondences between the two domains.

Then a mapping is defined based on the correspondence information to deform and obtain texture

for the generic 3D face model.

To examine how image-based rendering can be applied to NetlCE to render new views

from captured images, we present our experimental setup for capturing the images and propose

some evaluation criteria for the camera trajectory to capture images efficiently. We will

introduce line-space which is a representation of light rays for image-based rendering

applications. Line space is then used to explain the reconstruction of a new view from a virtual

camera. We propose a new compression scheme by generating prediction from the mosaic

image. The results are compared with the traditional Intra and Inter coding schemes. We also

use the line-space to explain the performance of the different coding schemes. We have shown

that our proposed scheme yields better compression ratio compared with the Intra coding scheme.

On the other hand, it has the advantage of coding each individual image randomly when

compared with the Inter coding scheme.

Chapter 2 provides a description of the NetlCE system. Chapter 3 provides the research

efforts towards the photo-realistic rendering of a video avatar. Chapter 4 is focused on the

reduction of network traffic. Chapter 5 presents how image-based rendering can be used to

generate realistic image of the background.
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2 NetlCE System Description

The NetlCE system provides a transparent communication which involves various

interdisciplinary topics that can be grouped into two main categories: the intelligent network and

the smart terminals. Figure 1 demonstrates this concept. The two users are in front of their smart

terminals that are connected by the intelligent network. The intelligent network and the smart

terminals together provide the users with a transparent communication so that they think that they

are collaborating in the same room.

The intelligent network is the bridge which connects all the smart terminals together and

coordinates communications among themselves. On the other hand, the smart terminals are

responsible for delivering an immersive environment to the end users by employing various

speech and image processing techniques.

2.1

Figure 1 Conceptual NetlCE System

Intelligent Network

In the conferencing environments of some current videocortferencing software, each

participant sees other participants in separate windows. It is thus difficult for the user to

determine who is talking and to whom the speaker is talking. Moreover, placing different

participants in different windows does not provide an immersive environment at all. In NetlCE,
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the goal is to provide the sense of immersion by adding "intelligence" to the network. The

intelligent network provides not o~tly the physical connection between people, but also maintain a

virtual environment for people to communicate and collaborate. Currently, we accomplish this

goal by building a virtual room where lip-synchronized avatars represent the users in the

conference. The users can freely interact with each other in the same virtual environment, as

shown in Figure 2.

The current version of NetlCE contains a centralized multipoint control unit (MCU) 

which each participant sends out data streams. The MCU is responsible for maintaining the state

for the system, and distributing the received data streams back to the clients. The data streams

can either be the avatar’s positions or audio packets. For example, when a client first connects to

the MCU, the MCU opens a socket connection and assign an ID to the client. Then it determines

a position in the virtual conference room for the avatar of this client to make sure that there is no

collision with other avatars already in the conference. After that the MCU sends this position as

well as other avatars’ positions to this client. In addition, the new avatar’s position is also sent to

other clients whose smart terminals can then update the virtual environment to indicate the

presence of a new avatar. When a client is disconnected from the MCU, the client’s ID becomes

available for the next incoming client. Other clients are also notified by the MCU when a client

quits the virtual conference room. The conceptual connection between the MCU and the clients

is shown in Figure 3.

Figure 2 NetICE virtual conference room
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Client 1 Client 3

~CU

Client 2

Figure 3 Conceptual connection between NetICE MCU and three NetlCE clients

In addition, a client’s smart terminal is able to detect collision with other clients in the

virtual room so that the client is prohibited from getting too close to other clients while

navigating. The clients’ positions and orientations are sent to the MCU and distribute to other

clients when changes are detected. The current version of NetICE allows a maximum of N

clients to be connected to the MCU. If the (N+l)th client tries to connect to the MCU, then the

MCU will send a message back to notify the client that maximum number of connections has

been reached. Clients will also be notified if the MCU program is not running or if it is closed

suddenly.

2.2 Smart Terminals

To provide the sense of immersion, a smart terminal has to present the virtual

environment with realistic graphics and directional sounds to the user. The current version of

NetICE includes the following features.

2.2.1 Immersive Environment

2.2.1.1 Animated 3D avatar

Three-dimensiotml models of avatars are used to represent the participants. These 3D models

are stored in the VRML (Virtual Reality Modeling Language) format which is a standard



language for describing interactive 3D objects and 3D worlds delivered across the Internet [2]. In

our prototype, the rendering of the 3D graphic is performed by using OpenGL which is a premier

environment for developing interactive 2D and 3D graphics [3]. The 3D model of an avatar used

in NetlCE is similar to a human body in order to give the participants a feeling of people-to-

people interactions. It is possible to use the body definition and body animation parameters to

describe a body model as specified in MPEG-4 standard but the body animation is to be

sta~ldardized in MPEG-4 Version 2 [4]. Figure 4 shows the front, side and back views of a 3D

avatar in NetlCE. Avatars with different hair color and face color are used to represent different

participants. The faces of the avatars are animated to provide lip-synchronization and head

rotation.

Figure 4 Front, side and back views of a 3D avatar in NetlCE

Since the 3D body model is a static model, in order to animate the body movement, we need

to identify which part of the model to be moved and then apply some transformation to it. All the

following animation capabilities that we add to the NetICE avatar are made possible by applying

computer graphics techniques. When walking, the avatar’s legs are animated to simulate human

movements. Figure 5 shows the leg animated walking sequence. The avatar can also make hand

gestures 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 movements can be driven



by the energy of the user’s speecl~ to enhance the speech communication. Figure 6 demonstrates

that the left avatar has raised his right hand while the right is making hand gesture while he is

talking.

Figure 5 Animated Walking Sequence

Figure 6 Hand gesture

2.2.1.2 Virtual conference room

In addition to three-dimensional models of avatars, other objects in the scene also provide

a 3D visual experience. Moreover, the video display responds to the position of the user. This

means that, the user can navigate freely in the NetlCE conference room and see other avatars’

navigation as well. A user can control his/her avatar to look at other avatars that the user would

like to talk to. This idea is demonstrated in Figure 7(a)-(c). These are snapshots of three client

windows that correspond to three different users. The avatars in cyan, black and yellow represent
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