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1. Introduction

MPEG-4 is the first audiovisual representation standard modeling an audiovisual scene as a composition of audiovisual objects with specific characteristics and behavior, notably in space and time (1,2(. The object composition approach allows MPEG-4 to support for new functionalities, such as content-based interaction and manipulation, as well as improvements to already available functionalities, such as coding efficiency, by just using for each type of data the most adequate coding technology. One of the most exciting and powerful consequences of the object-based approach is the composition of natural and synthetic content, integrating these two separate, but complementary, worlds. Among the technologies to be standardized in MPEG-4, 3D facial animation assumes a special relevance since the use of 3D model-based coding applied to human facial models may bring significant advantages, notably for critical bandwidth conditions. The standardization of the parts of this technology, essential to guarantee interoperability, may significantly accelerate the deployment of applications using synthetic human heads, which represent real or fictitious humans. The animation of 3D facial models requires animation data, which may be synthetically generated or extracted by analysis from real faces, depending on the application.

This paper describes the implementation of the MPEG-4 compliant facial animation system developed at Instituto Superior Técnico (IST), in Lisbon. The system is compliant with the MPEG-4 Visual and Systems FCD, issued in May 1998 (1,2(. 

2. The MPEG-4 Facial Animation Tools

Taking into account the relevance of the applications and the maturity of facial animation technology, MPEG-4 decided to standardize the necessary tools to allow the provision of a new range of applications relying on standardized facial animation technology. The face object specified by MPEG-4 is a representation of the human face structured in a way that the visual manifestations of speech are intelligible, the facial expressions allow the recognition of the speaker’s mood, and also the reproduction as faithfully as possible of a real speaker is supported. To fulfill these objectives, MPEG-4 specified two main types of facial data:

· Facial Animation Parameters (FAPs) - FAPs allow to animate a 3D facial model available at the receiver. The way by which this model is made available at the receiver is not relevant. FAPs allow the animation of key feature points in the model, independently or in groups, as well as the reproduction of visemes and expressions.    

· Facial Definition Parameters (FDPs) - FDPs allow to configure the 3D facial model to be used at the receiver, either by adapting a previously available model or by sending a new model. The new or the adapted model is then animated by means of FAPs.

While FAPs continuously provide visual information associated with the behavior of the 3D model, FDPs provide model configuration information, which is typically sent only once. For this reason, FAPs are coded as an individual elementary stream – the facial animation stream - while FDPs are fully coded as scene description (BIFS) nodes and thus are sent in the BIFS stream.

3. The IST System

The MPEG-4 compliant facial animation system developed at IST, following the specification in the MPEG-4 Systems and Visual FCDs (1,2(, is complete in terms of FAP streams, the encoder-decoder pair is working, but FDP data is still being obtained from FDP files and not from standard BIFS streams. An automatic/interactive analysis module to extract FAP and FDP data from video has also been implemented but will not be addressed in this paper. The overall architecture of the IST MPEG-4 facial animation system is presented in Figure 1. Since it is a basic assumption that all MPEG-4 facial animation decoders have their own 3D facial model, any implementation needs to start by defining (or borrowing) a 3D facial model. The IST 3D facial model includes the complete human head and it is a (very) modified version of a well known model developed by Frederic Parke. The Parke model was just used as a starting point, since it only includes the frontal part of the head, missing other important parts, such as the back of the head, the tongue and the ears. As these parts are important for some expressions and animations, it was decided to improve the Parke model, leading to an IST model including the back of the head, tongue, ears as well as other improvements, notably in the eyebrows and cheeks, in order to obtain more realistic animations. 

The paper will also present a first evaluation of the performance of the various facial animation tools (see Figure 2). The facial animation system here presented has been implemented in parallel with the development of the MPEG-4 specification, allowing the authors to actively contribute to its improvement and completeness. In fact, a large part of the software corresponding to the IST system has been included in MPEG-4 Part 5: Reference Software.

[image: image1.wmf]Output

FAP

Decoder

BIFS

Decoder

Model

animation

Model

configuration

Rendering

Video

input

FAP

Analysis

FDP

Analysis

FAP

Editor

FDP

Editor

FAP

Coder

BIFS

Coder

BIFS (FDP) Streams

FAP Streams

User

User

User

FAP Data

FDP Data

FAP

Data

FDP

Data


Figure 1 - Basic architecture of the IST MPEG-4 facial animation system
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Figure 2 – Comparison of (a) original images for sequence Marco30 and (b) corresponding animated frames using the IST animation system with the FAP sequence Marco30
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