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Magical face: Iintegrated Tool for Muscle
Based Facial Animation

Introduction

In recent years, tremendous advances have been achieved
in the 3D computer graphics used in the entertainment
industry, and in the semiconductor technologies used to
fabricate graphics chips and CPUs. However, although
good reproduction of facial expressions is possible through
3D CG, the creation of realistic expressions and mouth
motion is not a simple task.

In fact, producing such effects requires a tremendous
amount of time and effort on the part of the CG creator
because there has been no tool that allowed automation in
the initial creative process or the reuse of high-quality facial
expressions. As a result, the reproduction of facial
expressions is an expensive process and the quality of the
finished product depends on the skill level of the creators.

To solve these problems, we developed Magical Face, an
integrated tool that can be used for facial animation by users
of any level. This tool consists of three sub-tools - a facial
expression editing tool that uses an anatomical muscle
model, - a face model fitting tool, and lip-sync animation
tool that is based on the user's voice. These operate through
Maya plug-ins (Alias-Wavefront Inc.).

Facial Expression Editing Tool

This tool is based on a facial muscle model [Waters and
Frisbie 1995; Lee et al. 1995] composed of facial tissue
and the simulated muscles of a geometric model, which is
arranged according to the anatomical configuration of the
face. The muscular tissue is modeled as an aggregate of
springs. In this model, forces affect a facial tissue element
through the contraction of each muscle spring, so the
combination of the contracting forces of various muscles
produces a specific facial expression.

The control panel of the facial expression editing tool has
slider bars for each muscle used to create a facial
expression. When these bars are moved, each muscle
detects the change in the applied force and the model is
deformed. To realize motion that leads to a more natural
facial expression, we have to adjust the target model and
muscles by using a geometric model and move each slider
bar to determine the appropriate muscle parameters for
various expressions and mouth movements. The basic
expression of Anger is shown in Figure 1.

Face Model Fitting Tool

When a specific expression of a facial model has been
developed with the facial expression editing tool, we
normally would still have to set up the geometry and muscle
parameters again if we wanted to reuse that expression.
However, the face model fitting tool allows us to avoid this
process. Therefore, we propose the Multistage Ray-Cast
Fitting plug-in software. The user selects a face model
whose muscle parameters were defined using the tool (the
source model), selects a different number of polygons and
a different polygon geometry (the target model), and then
executes the program that approximates the source model

Tatsuo Yotsukura

Seiket University/SEGA Corporation
3-3-1 Kichijo-ji Kitamachi, Musashino-shi
Tokyo, JAPAN

yotsu @ee.seikei.ac.jp

Mitsunori Takahashi
Shigeo Morishima
Seikei University
Kazunori Nakamura
Hirokazu Kudoh
SEGA Corporation

to the target model. Since the geometry of the deformed
source model already has the muscle parameters, the
specific expression and mouth shape of the target model
can be easily formed. As well as a realistic human facial
model, this model can use an animal's or a cartoon
character's face as a target model. Figure 2 shows the
adjustment result for several models.

Lip-sync Animation Tool

When determining the animation of the mouth shape to
apply to the face model made by the face model fitting tool,
the model would normally need to speak while synchronized
with the voice of an actor or actress. Also, if this model has
to closely resemble the real face, the number of mouth
shapes that must be prepared will equal the number of
voice visemes. To do this is very time consuming for the
creator who must pay close attention to the voice actor/
actress whose voice must be synchronized with the mouth
animation. The lip-sync animation tool makes this task
easier by analyzing a sound and extracting the phoneme
and phoneme length. This phoneme is then matched with
the created mouth shape. To create a natural looking mouth
shape animation, the phoneme is interpolated using the
phoneme duration and the muscle's equation of motion.
Currently, this tool can estimate each Japanese vowsl.
Therefore, the lip-sync animation tool significantly reduces
the difficulty of applying a user's voice which previously
required a series of complicated and time-consuming tasks.
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Waters, K., and Frisbie, J. 1995. A coordinate muscle model for speech
animation. Proc. Graphics iNterface’ 95, pp.163-170.
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a) Gorilla model

b) Woman model

Fig.2 Face Model Fitting Tool
Left: Target model
Middle: Reconstracted model
Right: Source model

Fig.1 Facial expression
of Anger
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Abstract
An architecture for highly-interactive human-like spoken-dialog agent is discussed in this paper. In order to easily integrate the modules
of different characteristics including speech recognizer, speech synthesizer, facial-image synthesizer and dialog controller, each module
is modeled as a virtual machine that has a simple common interface and is connected to each other through a broker (communication
manager). The agent system under development is supported by the IPA and it will be publicly available as a software toolkit this year.

1. Introduction for the ASDA software toolkit are discussed in section 2

Anthropomorphic spoken dialog agent (ASDA), behav- -

ing like humans with facial animation and gesture, and
making speech conversations with humans, is one of the
next-generation human-interface. Although a number of
ASDA systems (Gustafson et al., 1999; Julia and Cheyer,
1999; Dohi and Ishizuka, 1997; Ushida et al., 1998;
Sakamoto et al., 1997; Cassell et al., 1999) have been devel-
oped, communication between the ASDA system and hu-
mans is far from being natural, and developing high quality
ASDA system is still challenging. In order to activate and
progress the researches in this field, we believe that easy-to-
use, easy-to-customize, and free software toolkit for build-
ing ASDA systems is indispensable.

We have been developing such an ASDA software
toolkit since 2000, aiming to provide a platform to build
next generation ASDA systems. The features of the toolkit
are as follows: (1) basic functions to achieve incremen-
tal (on-the-fly) speech recognition, (2) mechanism for “lip
synchronization”; synchronization between audio speech
and lip image motion, (3) high customizability in text-to-
speech synthesis, realistic face animation synthesis, and
speech recognition, (4) “virtual machine” architecture to
achieve transparency in module to module communication.

If compared to the related works such as CSLU toolkit
(Sutton and Cole, 1998) and DARPA Communicator Pro-
gram (DARPA, 1998), our toolkit is still germinal. How-
ever, it i3 compact, simple, easy-to-understand and thus
suitable for developing ASDA systems for research pur-
poses. At present, simple ASDA systems have been suc-
cessfully build with the toolkit under UNIX/Linux operat-
ing systems, and the subset of the toolkit will be publicly
available in the middle of the year 2002.

This paper is divided into six sections. Requirements

This work is supported by IPA (Information-technology Pro-
motion Agency, Japan).

followed by the discussion of system design in section 3.
Implementation issue and evaluation are described in sec-
tion 4. Finally the last section is devoted to conclusions.

2. Requirements for the toolkit

In this section, we discuss the requirements for the soft-
ware toolkit to build ASDA systems which speak, listen,
and behave like humans.

2.1. Key techniques for achieving natural spoken
dialog

If compared to the keyboard-based conversation, typi-
cal phenomena are observed in speech-based conversation.
These include the case that human listeners nod their heads
or say “yes’during a conversation, and the case that the
speakers control the prosody to indicate types of utterances
such as questions, statements, and emotions. We regard it
important for the toolkit to be a platform for human-like
speech-based conversation for providing basic functions to
achieve those phenomena.

In addition, speed, quality and balance are also impor-
tant factors for the toolkit. For example, if the system fails
to respond to the user quickly, it loses the naturalness and
efficiency of conversation. If the agent’s face, voice and
behavior are artificial and far from natural, or if the agent
looks very similar to humans apart from the point that the
voice is synthesized, then the users feel something strange
and it prevents them to communicate with the system natu-
rally.

2.2. Configuration for the easy-to-customize

As a common basic toolkit for research and develop-
ment, the toolkit should not be designed for a specific pur-
pose, but it should be used for multi-purpose. The agent’s
face, voice, and tasks must be customizable so that the users




of the toolkit can customize the agents easily depending
on the purposes and applications. The customizability in-
cludes that the agent characters should be replaced easily
by changing the face and voice of a person to those of an
another person.

2.3. Modularity of functional units

In some situations, system creators or toolkit users will
not be satisfied with the performance of the original mod-
ules in the toolkit and they would like to replace them with
the new ones or add new ones to the system. In such cases,
it would be desired that each functional unit (module) is
well modularized so that the users can develop, improve,
debug and use each unit independently from the other mod-
ules. This would help to improve the efficiency of software
development.

Moreover, modularizing the functional units enables the
system to work in parallel,

2.4. Open-source free software

The technology used for creating the toolkit is still not
enough to achieve human-like conversation. Therefore it
is desired that not only the creators of the toolkit but also
the researchers and developers who use the toolkit would
contribute to improve the toolkit further. In that sense, the
toolkit should be released as a free software along with the
program source codes.

There have been no existing ASDA softwares so far sat-
isfying all of the requirements described above.

3. Toolkit design and outline

In this section, we discuss the design of the toolkit and
its module functionality to achieve the requirements given
in the previous section.

First of all, to fulfill the requirements of modularity and
customizability, the toolkit must have at least three func-
tional units (speech recognition, speech synthesis, and fa-
cial animation synthesis) for task customization, and a unit
for integrating those units, which we name as “agent man-
ager”.

3.1. Speech recognition module (SRM)

The authors have been developing the Japanese large
vocabulary continuous speech recognition (LVCSR) en-
gines, Julius (Kawahara et al., 1998; Lee et al., 2001) and
SPOJUS (Nakagawa and Kai, 1994). Julius employs V-
grams as a statistical language model (LM), though, as a
toolkit for various tasks, grammar-based LM is suitable for
small tasks, where easy-to-use and easy-to-customize LMs
are preferable. In order to provide such a grammar-based
recognition engine as a functional module of the toolkit,
“Julian” (Fig. 2) has been developed. Julian can change
more than one grammar sets on the instant, and it can out-
put incremental speech recognition results.

3.2. Speech synthesis module (SSM)

To achieve customizable speech synthesis module
(SSM), the module has to accept arbitrary Japanese texts
including both of “Kanji” (Chinese) and “Kana” charac-
ters, and synthesize speech with a human voice clearly in a
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Figure 1: ASDA platform

specified style. For this purpose, HMM-based speech syn-
thesis method is employed in which spectrum, pitch and du-
ration are modeled simultaneously in a unified framework
of HMM (Yoshimura et al., 1999). Lexical and syntactic
analyzer is developed as well.

Another important function of this module is to im-
plement a mechanism for synchronizing the lip movement
with speech, which is called “lip-sync”. The employed
mechanism js based on the sharing of each timing and du-
ration information of phoneme in the speech that is going
to be uttered between the SSM and the FSM (facial image
synthesis module).

3.3. Facial image synthesis module (FSM)

The basic software of synthesizing human facial images
can synthesize human facial animations of any existing per-
son if a single photo image of the person is given and the
image is fitted manually to a standard 3D wire-frame model
(Morishima et al., 1995). The software including a model
fitting tool is publicly available as a result of the former IPA
project (facetool, 1998). Under the current ASDA toolkit
project, we are enhancing the former software package to
support higher quality and controllability of agent facial
image, and precise lip-sync with synthetic speech. Fig. 3
shows the process of fitting a 3D wire-frame model to a
real human face, and the examples of the synthesized hu-
man facial images.
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3.4. Module integration and customization tools

3.4.1. Agent manager

The Agent Manager (AM) serves as an integrator of all
the modules of the ASDA system. One of its main functions
is to play a central role of communication where every mes-
sage from a module is sent to another module with the help
of the AM. Here, the AM works like a hub in the Galaxy-II
system (Seneff et al., 1998). Another essential function of
the AM is to work as a synchronization manager between
speech synthesis and facial image animation to achieve the
precise lip-sync.

Agent
Manager
(AM)

Direct Control Layer (AM-DCL)

RN A AT LB

| Facial image §
Synthesis
Module

| Recognition
Module
SRM

Synthesis

The AM consists of two functional layers: the Direct
Control Layer (AM-DCL) and the Macro Control Layer
(AM-MCL). Fig. 4 illustrates a schematic representation of
the relationship between the AM and the various modules.
The AM-DCL works as a dispatcher receiving commands
from a module and forwarding them to the designated mod-
ule. On the other hand the AM-MCL is a macro-command
interpreter processing the macro commands mainly issued
by the Task Manager (TM). There are mainly two func-
tions for the AM-MCL. The first one is to simply expand
each received macro-command in a sequence of commands
and send them sequentially to the designated module. The
second function is to process macro-commands that require
more complicated processing than just expanding the com-
mands. This happens in the case where more than one mod-
ules are involved. Currently, the lip synchronization pro-
cess is realized by a macro command and an example is
given in section 4.

3.4.2. Virtual Machine model

As is previously described, the AM works as a hub
through which every module communicates with each
other. It is desired that every module has a common com-
munication interface so that the AM can make connection
with each module regardless of the interface used in the
module. Furthermore, having a common interface reduces
the effort of understanding and developing module depen-
dent interfaces. For this purpose a virtual machine (VM)
model is employed, where module interface is modeled as a
machine with slots, each of which has a value and attribute
controlled by a common command set. Each slot can be
regarded as a switch or dial to control the operation or a
meter to indicate machine status. Fig. 5 illustrates the com-
munication between the AM and a virtual machine model.
Changing the slot values by a command corresponds to
check or control the running status of the module or the
function. For example, following command to the speech
synthesis module means starting voice synthesis of a given
text right now.

set Speak = Now

3.4.3. Task manager (TM)

As a software toolkit, it is crucial to define the com-
plexity of tasks that the software can deal with. In that
sense, VoiceXML (VoiceXML, 2000) has been employed



Figure 5: Relationship between the AM and a virtual ma-
chine model

Figure 6: Screenshot of ASDA

as a basic description language to describe the tasks. Since
VoiceXML is originally designed for voice communica-
tion over the telephone, and difficulties arise when it is ap-
plied to other applications such as anthropomorphic dia-
logue agents, extensions to its specification are being made
in this project. For example, the original specification of
VoiceXML does not include any functions to control facial
expressions of anthropomorphic dialogue agents.

3.4.4. Prototyping tools

For achieving an easy to customize toolkit, we have
a plan to provide prototyping tools. These tools manage
some agent customization features. For example, dialog
scenario, and related parameters.

4. Experimental Systems

Using the software toolkit, we have built several exper-
imental ASDA systems to evaluate the toolkit. A screen-
shot of the system and an example of a user-system inter-
action are shown in Fig. 6 and Fig. 7 respectively.

All the tasks employed were very basic, small vocabu-
lary where the number of uttered word is less than 100 and
the perplexity is less than 10. The tasks include (1) echo-
back task which repeats what it heard using speech recogni-
tion and synthesis, (2) simple appoint-arranging task which
changes facial expressions as the conversation goes on, (3)
fresh food ordering task that takes orders from customers
and responses with “yes” and nodding on the fly.

Those systems consist of the SRM (Kawahara et al.,
1998), the SSM (Yoshimura et al., 1999), the FSM (Mor-
ishima, 2001), the AM, and a simple task-specific ™

Figure 7: An example of user-system interaction
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Figure 8: Hardware configuration of the ASDA

which was programmed directly with the command set of
the toolkit. We implemented the systems on several plat-
forms with different configurations. Fig. 8 shows the hard-
ware configurations. Some of the demonstration movies
(in Japanese, unfortunately) are available in our web site
(http://iipl.jaist.ac. Jp/IPA/).

Fig. 9 shows an example of how the AM and related
modules work in the echo-back task. However, the FSM
and lip-synchronization mechanism have been omitted in
the figure for brevity. Here, the macro commands, which
is introduced in 3.4.1., are used in the procedure 3 and 4 to
achieve lip-synchronization between the speech and anima-
tion. Fig. 10 shows the sequence of commands involtved in
this lip-synchronization process.

Note that the modules operate in parallel and thus the
speech recognition process is active while the agent is
speaking. As a result, we confirmed that the system re-
sponded to the users quickly, at the same time face anima-
tion and synthesized voice were synchronized. However, in
this case, we assumed that the ideal environment that the re-
sults of speech recognition are not influenced by the output
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of speech synthesis.

5. Discussion

This section describes the current developing status of
the software toolkit and discusses further improvement.

S5.1. Customization features

In SRM, multi-grammar supporting has been realized
where grammars can be changed instantly, and those gram-

mars are easy to customize by means of a supporting soft-
ware tool.

The SSM can synthesize speech from arbitrary text
sentences of mixed kanji and kana (Chinese characters
and phonetic script), with customizable prosody. Though
speaker adaptation has not been implemented, the em-
ployed HMM-based approach is promising in case of
speaker adaptation (Tamura et al., 2001b; Tamura et al.,
2001a).

The FSM synthesizes 3D realistic facial animations
from a single snapshot of a person’s face by fitting a wire-
frame model to a 2D picture. A software tool is provided
to help fitting a standard wire-frame model to the input pic-
ture, whose manually fitting operation takes normally 10
minutes. Once the fitting is completed, one can get realistic
3D facial animation of the person whose motion, including
blinking and facial expression, is easily and precisely con-
trollable by commands in real time. Comparing to the car-
toon based existing approaches where the number of char-
acters is very limited, the proposed framework enables to
generate facial animations of almost unlimited number of
characters as far as facial pictures are provided.

5.2. Software Modularity of functional units

As is described in the previous section, the virtual ma-
chine model enables highly modularity of each functional
units such as SRM, SSM and FSM. Furthermore, commu-
nication interface based on the UNIX standard /O stream
helps to develop and debug software modules easily.

5.3. Achievement of natural spoken dialog

Although the implemented mechanism for lip-sync con-
tributes to enhance the naturalness of the synthetic facial
animation, number of issues are yet to be implemented to
make the agent behave like humans. For example, humans
move their heads while they are speaking. Besides the fa-
cial animation, realtimeness of conversation is another cru-
cial factor for the agent’s naturalness as is described in
section 2.1. A simple mechanism for incremental speech
recognition has been implemented in the SRM. The mecha-
nism provides frame-synchronous temporal candidates giv-
ing maximum scores at the moment before observing the
end of utterance. These incremental recognition results will
help to achieve interactive spoken dialog including nod-
ding.

6. Related Works

Several attempts have been made to develop ASDA
toolkits. Among them, the CSLU toolkit (Sutton and Cole,
1998) is similar to our toolkit. The CSLU toolkit provides
a modular, open architecture supporting distributed, cross-
platform, client/server-based networking. It includes inter-
faces for standard telephony, audio devices, and software
interfaces for speech recognition. It also includes text-
to-speech and animation components. This flexible envi-
ronmeni makes it possible to easily integrate new compo-
nents and to develop scalable, portable speech-related ap-
plications. Although the target of both of the toolkits are
similar, function wise and implementation wise they are
different. Compared to the speech recognizer and speech



synthesizer of the CSLU toolkit that support several Eu-
ropean languages, our toolkit supports Japanese language.
The TTS in the CSLU toolkit is based on “unit selection
and concatenation synthesis” from natural speech. It is a
data-driven and non model-based approach. However, the
TTS in our toolkit employs the HMM-based synthesis that
is a data-driven and model-based approach. The different
approaches give different characteristics to TTS. Generally
speaking, the model-based TTS requires less training sam-
ples and it can control speech more easily than the non
model-based TTS at the expense of speech quality.

Similar system architectures for distributed computing
environment are employed in the Galaxy-II (Seneff et al.,
1998) of DARPA Communicator (DARPA, 1998), the SRI
Open Agent Architecture (OAA) (OAA, 2001), and our
toolkit. Each of them have a central module called “Hub”,
“facilitator” and Agent Manager (AM) respectively. 1If
compared to the existing systems which employs a large
number of commands, our toolkit is more compact and sim-
pler and it has only 8 commands and 2 identifiers so that the
programmers can understand and use the toolkit easily.

7. Conclusions

The design and architecture of a software toolkit for
building an easy to customize anthropomorphic spoken di-
alog agent (ASDA) has be presented in this paper. Human-
like spoken dialog agent is one of the promising man-
machine interfaces for the next generation. The beta-
version of the software toolkit described in this paper will
be released publicly in the middle of 2002. However, a
number of factors are to be improved. Because of the
high modularity and simple communication architecture
employed in the toolkit, we hope that it would speed up the
researches and application development based on ASDA,
and as a result the toolkit would be upgraded.

8. References

J. Cassell, T. Bickmore, L. Campbell, K. Chang,
H. Vilhjdlmsson, and H. Yan. 1999. Requirements for
an architecture for embodied conversational characters.
In D. Thalmann and N. Thalmann, editors, Proceedings
of Computer Animation and Simulation '99 (Eurograph-
ics Series), pages 109-122.

DARPA. 1998. = DARPA Communicator
http://fofoca.mitre.org/.

Hiroshi Dohi and Mitsuru Ishizuka. 1997. Visual Soft-
ware Agent: A Realistic Face-to-Face Style Interface
connected with WWW/Netscape. In IJCAI Workshop on
Intelligent Multimodal Systems, pages 17-22.

facetool. 1998. Facial Image Processing System for
Human-like “Kansei” Agent. http://www.tokyo.image-
lab.or.jp/aa/ipa/.

Joakim Gustafson, Nikolaj Lindberg, and Magnus Lunde-
berg. 1999. The August Spoken Dialogue System. In
EuroSpeech, pages 1151-1154.

Luc Julia and Adam Cheyer. 1999. Is Talking To Virtual
More Realistic? In EuroSpeech, pages 1719-1722.

T. Kawahara, T. Kobayashi, T. Takeda, N. Minematsu,
K. Itou, M. Yamamoto, T. Utsuro, and K. Shikano. [998.

Program.

Sharable software repository for Japanese large vocabu-
lary continuous speech recognition. In ICSLP-98, pages
3257-3260.

A. Lee, T. Kawahara, and K. Shikano. 2001. Julius — an
open source real-time large vocabulary recognition en-
gine. In European Conf. on Speech Communication and
Technology, pages 1691-1694.

S. Morishima, S. Iwasawa, T. Sakaguchi, F. Kawakami, and
M. Ando. 1995. Better Face Communication. In Visual
Proceedings of ACM SIGGRAPH’95, page 117.

Shigeo Morishima. 2001. Face Analysis and Synthesis.
[EEE Siginal Processing Magizine, 18(3):26-34, may.
Seiichi Nakagawa and Atsuhiko Kai. 1994. A Context-
Free Grammar-Driven, One-Pass HMM-Based Continu-
ous Speech Recognition Method. Systems and Comput-
ers in Japan, 25(4):92-102, September.

2001. OAA (The Open Agent
http://www.ai.sri.com/” oaa/. _

Kenji Sakamoto, Haruo Hinode, Keiko Watanuki, Susumu
Seki, Jiro Kiyama, and Fumio Togawa. 1997. A Re-
sponce Model for a CG Character Based on Timing of
Interactions in a Multimodal Human Interface. In [UI-
97, pages 257-260.

Stephenie Seneff, Ed Hurley, Raymond Lau, Christine Pao,
Philipp Schmid, and Victor Zue. 1998. GALAXY-II: A
Referece Architecture for Conversational System Devel-
opment. In ICSLP-1998, pages 931-934.

S. Sutton and R. Cole. 1998. Universal speech tools: the
cslu toolkit, In Proceedings of the International Con-
ference on Spoken Language Processing(ICSLP), pages
3221-3224.

Masatsune Tamura, Takashi Masuko, Keiichi Tokuda, and
Takao Kobayashi. 2001a. Adaptation of pitch and spec-
trum for HMM-based speech synthesis using MLLR.
In Proceedings of IEEE International Conference on
Acoustics, Speech, and Signal Processing (ICASSP), vol-
ume 2, pages 805-808, May.

Masatsune Tamura, Takashi Masuko, Keiichi Tokuda, and
Takao Kobayashi. 2001b. Text-to-speech synthesis with
arbitrary speaker’s voice from average voice. In Pro-
ceedings of European Conference on Speech Commu-
nication and Technology, volume 1, pages 345-348,
September.

H. Ushida, Y. Hirayama, and H. Nakajima. 1998. Emotion
Model for Life-like Agent and its Evaluation. In AAA/-
98, pages 62-69.

VoiceXML. 2000. Voice eXtensible Markup Language
VoiceXML Ver!.0. http://www.voicexml.org.

T. Yoshimura, K. Tokuda, T. Masuko, T. Kobayashi, and
T. Kitamura. 1999. Simultaneous modeling of spectrum,
pitch and duration in HMM-based speech synthesis. In
EuroSpeech, volume 5, pages 2347-2350.

Architecture).



An Open Source Development Tool for Anthropomorphic Dialog Agent

-Face Image Synthesis and Lip Synchronization-

Tatsuo YOTSUKURA and Shigeo MORISHIMA
Faculty of Engineering, Seikei University
3-3-1 Kichijoji Kitamachi, Musashino-shi
Tokyo, JAPAN
{yotsu, shigeo} @ee.seikei.ac.jp

Abstract—We describe the design and report the development
of an open source ware toolkit for building an easily customizable
anthropomorphic dialog agent. This toolkit consist of four
modules for multi-modal dialog integration, speech recognition,
speech synthesis, and face image synthesis. In this paper, we
focus on the construction of an agent’s face image synthesis.

Keywords—face image synthesis; anthropomorphic dialog
agent; lip synchronization; facial animation;

I. INTRODUCTION

The development of human interface technology is one of
the final goals to attain toward building a computer agent that
can talk, ask questions, and exhibit behaviors that mimic
humans. The past few years have witnessed the development
technologies to make this dream possible. However compared
with the interactions of our fellow human being, it is still at
the elementary.

This paper describes - the basic design and reports a
demonstration of the project software. The software is
intuitive, easy to understand, and ensures fully interactive
dialog with the agent. The basic software consists of four
modules: speech recognition, speech synthesis, facial image
synthesis, and multi-modal dialog integration. System contro]
and data management capabilities in a dispersed environment
are essential for these various modules to interoperate
smoothly as a single-dialog system. Several systems
exhibiting these capabilities have been developed, which
include DARPA’s Communicator Program [1] that is based on
MIT’s Galaxy-1I [2], and the Open Agent Architecture (OAA)
developed by SRI [3].

We focus our description in this paper on the face image
synthesis module, and discuss how to generate a synthetic
agent’s face in a real-time processing condition by exactly
copying a real person’s face. A very important factor in
making an agent look believable or alive is how precisely an
agent can duplicate a real human facial expression.

II. SOFTWARE CONFIGRATION

The anthropomorphic dialog agent that is now under
development consists of four basic software modules, all of
which will be made available in the form of freeware. By
implementing the software as separate modules, this is not
only an effective tool for assessing the various constituent
technologies, it also provides a versatile R&D platform

making it easy to build original dialog systems by simply
plugging in different software modules developed
independently by the different R&D institutes involved in the
project as required. Figure 1 shows the basic configuration of
the agent manager and the modules

A. Integrating Anthropomorphic Dialog agents Module

New basic software is being developed to integrate and
control the dialog component modules and to manage the
dialog. Some of the specific projects that are currently under
way include (a) an Agent Manager (AM) providing low-level
control of the speech recognition, speech synthesis, facial
image synthesis, and other modules; (b) the capability to
interpret Voice XML [4] based high-level dialog descriptions;
(c) a Task Manager (TM) for controlling dialog using the
functions provided by the AM; and (d) a prototyping tool to
provide a GUl environment supporting the setting of
parameters and the description and control of scenarios, all
things that are necessary to construct dialog systems.

B. Speech Synthesis Module: SSM™'

New basic speech synthesis software is being developed
that not only clearly reads sentences of mixed kanji and kana
(Chinese characters and phonetic script), but also shares data
to enable synchronization with a facial image. This enables
lip-sync, the synchronization of sound and motion so the facial
movements of speech coincide with the sounds.

Integrating Anthropomorphic Dialog Agents Module

Task Manager (TM)

Agent Manager (AM)

Speech Facial Image Speech
Recognition Synthesis Synthesis

Module Module Module

(SRM) (FSM) (SSM)

Figure 1. Basic Configuration of Agent Manager and Modules.



Furthermore, anticipating changes in the nature of the
speech to reflect different circumstances or the intent of the
speaker, we are also seeking ways to control a range of
different emotions and speech rhythms.

C. Speech Recognition Module: SRM'

It should be easy enough to extend the capabilities of that
software package to accommodate dialog processing and
implement flexible control. Specifically, we are doing away
with grammar-based recognition and recognition results, and
developing functions that can deal with unnecessary words
and poses, and can provide dynamic control of recognition
processing.

D. Facial image Synthesis Module: Fsmt

We are enhancing the software package (o support higher
quality agent facial image synthesis, animation control, and
precise lip-sync with synthetic and natural speech. Some of
the specific enhancements include a GUI able to map standard
wire frames to images of heads shot from different angles to
easily generate 3D models of human heads, sharing of data
with the speech synthesis module, more precise lip-sync, the
ability to add any facial expressions, and the ability to control
nodding and blinking.

[II. FACE OF AGNET MODELING

To generate a realistic agent, a generic face model is
manually adjusted to the user’s frontal face image to produce a
personal face model and all of the control rules for facial
expressions are defined as a movement of grid points in a
generic face model (Figure 2). This model has an added oral
and teeth model in the mouth, in order t© generate a real
looking facial expression. A synthesized face results from the
texture mapping of the user’s frontal image onto the modified
personal face model.

Figure 3 shows a personal model both before and after the
fitting process for a front-view image obtained by using our
original GUI based face-fitting tool. The front view and
profile images are put into the system and then corresponding
control points are manually moved to a reasonable position by
mouse operation. In the case of an expert user, the time

required for adjustment of a model is about 5-10 minutes.

IV. CUSTOMIZING THE FACE MODEL

To change the agent’s mouth shape and facial expressions,
we need to define these models, so we built system to edit
these models.

A. Designing the Mouth Shape

The set of mouth shapes can be easily edited by the mouth-
shape-editing tool in the Face Synthesis Module (Figure 4).
We can change each mouth parameter to determine a specific
mouth shape, which can be seen in the preview window.
Typical vowel mouth shapes are shown in Figure 5. A tongue
model is now under construction. The kind of defined mouth
shape is 14 shown in Table l.

' ug

REANNY;
AV

=

Figure 5. Typical Mouth Shapes



TABLE 1. CONVERSION TABLE FROM PHONEME TO MOUTH SHAPE

Mouth shape No. Phoneme (defined by SRM)
0 hl, Iyl Icld, fpaul/, /sil/
I il eyl
2 m/, b/, Ipl, Imyl, Ibyl, py/
3 i
4 n/, /1d/, Inyl
5 /&, gl Ikyl, thyl, lgyl, IN/
6 /!
7 /s, Ish/, e/, ist, 124, 1l 1dyl
8 Iw/
9 fal, IA]
10 fil, 1Y
11 fuf, 1U/
12 lel, E/
13 fol, 1O/
TABLE IL EXAMPLE OF AUS
AU No. AU name
AU 1 Inner brow raiser
AU 2 Outer brow raiser
AU 4 Brow lower
AUS Upper lid raiser
AU6 Cheek raiser
AU7 Lid tightener
AUS8 Lips toward each other
AU 9 Nose wrinkler
AU 10 Upper lip raiser
AU 12 Nasolabial furrow deepener

Figure 6. Typical Facial Expressions

B. Designing the Facial Expression

Expression modification is made by combining a basic
expression (for example: inner brow raiser, cheek raiser, etc.)
Therefore, we employed the facial action coding system
(FACS)[8], which is an objective method for quantifying
facial movement. FACS is an anatomically based coding
scheme that codes the facial muscular movements in terms of
44 action units (AUs) or action unit combinations (AU
combinations). Table 2 shows the an example of AUs.

The set of an expression can be edited by using the mouth
AU editing tool in the Face Synthesis Module. By using this
tool, the agent can transform by default defining six basic
expressions (happiness, anger, disgust, fear, surprise and
sadness) and user defining unique expression. Figure 6 shows
examples of typical expressions.

V. LIP-SYNC ANIMATION

The agent’s facial animation is realized by combining the
mouth shapes and the expressions that the preceding chapter
defined. In this method of major importance, the mouth
animation made from the Face Synthesis Module and agent’s
voice made form the Voice Synthesis Module must be
synchronize. In this chapter, we introduce the technique used
for the synchronization that provides the realistic animation.

Management of the synchronization between the two
modules might be implemented by a higher-level module that
is separate and distinct from the Agent Manager. We are also
considering defining and implementing a new type of module
that is dedicated exclusively to synchronization. However,
considering the importance of the lip-sync capability for
agents and how frequently such capability is used in spoken
dialog, we have currently implemented this function using a
macro command provided by the Agent Manager.

The essential data that is needed for lip-sync when an
agent speaks is the durations of each phoneme making up the
speech. This information is obtained by interrogating the
speech synthesis module. One might be able to think of other
kinds of information that would be useful in this context, but
for the time being we only use the duration of each phoneme.

It is also necessary to verify that the two modules are ready
to speak before speaking can actually begin. This information
is obtained using the following procedure. The speech process
is divided into two parts: prepare to speak and begin to speak.
The modules are designed to automatically generate a message
indicating that they are ready to speak. As soon as the Agent
Manager detects this information from the two modules, the
Agent Manager directs that they can actually begin speaking.
Figure 7 shows the sequence of commands involved in this
process.

VI. PROTOTYPE SYSTEM

The prototype of the system was used in a demonstration
at Japan Advanced Institute of Science and Technology. The
system screen and the dialog scenery with the system are
shown in Figures 8. We arranged two systems; one is
comprised of a dual Intel 1GHz Pentium III Xeon computer to
process FSM and an Intel 800MHz Pentium I1I computer that



processes all other modules, except for the FSM (environment
#1). The other system is comprised of an Intel 1.2GHz Mobile
Pentium 1II laptop computer thal processes all modules
(environment #2). An evaluation of the performance of the
face synthesis module was performed using this system.

Drawing frame rales ware an average of 20[frame/sec] in
environment #1, and 15{frame/sec] in environment #2 because
of #1 operating one module as against #2 operating all
modules on a PC. In addition, to use the phoneme, the
phoneme duration and speaking start time of the agent
supplied from Agent Manager, was checked visually by
outputting result synchronizing with a synthetic voice.

VIIL. CONCLUSION

This paper described the design and reported the
development of the basic software for an anthropomorphic
dialog agent. As the project unfolds, we will further expand
and enhance the functions of the dialog component modules
and the multi-modal dialog integration module, and explore
the feasibility of incorporating standard distributed object
environment architecture such as CORBA[9].

In addition, we presented a technique of for use with a
Facial Image Synthesis module. An agent duplicated original
facial expressions and behavior. And the agent’s synthesis
voice was used to realize lip-sync. Finally, The validity of this
module was confirmed by making a prototype system.

33M AM F3M
request to prepare the speech synthesis - - - B I

notity that the speech synthesis is ready = -~ T.\

request to prepare the lip-syncronization - - - -

notify that the lip~syncronization is ready - = - 1

request to start speakng at the specified time - - - 4

start speaking at the given time - - - T -------------- T

tme time fime

Figure 7. Processing Flow between AM, SSM, and FSM When an
Agent speaks

-
:

Figure 8. Screenshot of Anthropomorphic Dialog Agent
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We introduce a multimodal English-to-Japanese and Japanese-to-English translation system that also translates the speaker’s
speech motion by synchronizing it to the translated speech. This system also introduces both a face synthesis technique that can
generate any viseme lip shape and a face tracking technique that can estimate the original position and rotation of a speaker’s face
in an image sequence. To retain the speaker’s facial expression, we substitute only the speech organ’s image with the synthesized
one, which is made by a 3D wire-frame model that is adaptable to any speaker. Our approach provides translated image synthesis
with an extremely small database. The tracking motion of the face from a video image is performed by template matching. In
this system, the translation and rotation of the face are detected by using a 3D personal face model whose texture is captured
from a video frame. We also propose a method to customize the personal face model by using our GUT tool. By combining these
techniques and the translated voice synthesis technique, an automatic multimodal translation can be achieved that is suitable for
video mail or automatic dubbing systems into other languages.

Keywords and phrases: audio-visual speech translation, lip-sync talking head, face tracking with 3D template, video mail and
automatic dubbing, texture-mapped facial animation, personal face model. :

1. INTRODUCTION

The facial expression is thought to send most of the nonver-
bal information in ordinary conversation. From this view-
point, many researches have been carried on face-to-face
communication using a 3D personal face model, sometimes
called an “Avatar” in cyberspace [1].

Por spoken language translation, ATR-MATRIX (ATR’s
multiligual automatic translation system for information ex-
change) [2] has been developed for the limited domain of
hotel reservations between Japanese and English. A speech
translation system has been developed for verbal informa-
tion, although it does not take into account articulation and
intonation. Verbal information is the central element in hu-
man communications, but the facial expression also plays an
important role in transmitting information in face-to-face
communication. For example, dubbed speech in movies has
the problem that it does not match the lip movements of the
facial image. In the case of making the entire facial image by

computer graphics, it is difficult to send messages of origi-
nal nonverbal information. If we could develop a technology
that is able to translate facial speaking motion synchronized
to translated speech where facial expressions and impressions
are stored as effectively as the original, a natural multi-lingual
tool could be realized.

There has been some research [3] on facial image genera-
tion to transform lip shapes based on concatenating variable
units from a huge database. However, since images generally
contain much larger information than that of sounds, it is
difficult to prepare large image databases. Thus conventional
systems need to limit speakers.

Therefore, we propose a method that uses a 3D wire-
frame model to approximate a speaker’s mouth region and
captured images from the other regions of the face. This ap-
proach permits image synthesis and translation while storing
the speaker’s facial expressions in a small database.

If we replace only the mouth part of an original im-
age sequence, the translation and rotation of head have to
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Ficure 1: Overview of the system.

be estimated accurately while keeping smooth motion be-
tween frames. We propose a method to generate a 3D face
model with a real personal face shape and to track face mo-
tion such as translation and rotation automatically for audio-
visual speech translation. The method enables the proposed
system to detect movement and rotation of the head from
the 3D shape of the face by template matching using a 3D
personal face wire-frame model.

We describe a speech translation system, the method
to generate a 3D personal face model, an automatic face-
tracking algorithm, and experiments to evaluate tracking ac-
curacy. Finally, we show generated mouth motions that were
never spoken by a speaker and introduce a method to evalu-
ate lip synchronization.

2. OVERVIEW OF MULTIMODAL TRANSLATION

Figure 1 shows an overview of the system developed in this
research. The system is divided broadly into two parts: the
speech translation part and the image translation part.

The speech translation part is composed of ATR-
MATRIX [2], which was developed in ATR-ITL. ATR-
MATRIX is composed of ATR-SPREC to execute speech
recognition, transfer-driven machine translation (TDMT) to
handle text-to-text translation, and CHATR [4] to gener-
ate synthesized speech. The two parameters of phoneme no-
tation and duration information, which are outputs from
CHATR, are applied to facial image translation.

The first step of the image translation part is to make a
3D model of the mouth region for each speaker by fitting a
standard facial wire-frame model to an input image. Because
of the differences in facial bone structures, it is necessary to
prepare a personal model for each speaker, but this process is
required only once for each speaker.

The second step of the image translation part is to gen-
erate lip movements for the corresponding utterance. The
3D model is transformed by controlling the acquired lip-
shape parameters so that they correspond to the phoneme
notations from the database used at the speech synthesis
stage. Duration information is also applied and interpolated
linearly for smooth lip movement. Here, the lip-shape pa-
rameters are defined by 2 momentum vector derived from
the natural face at lattice points on a wire frame for each
phoneme. Therefore, this database does not need speaker
adaptation.

In the final step of the image translation part, the trans-
lated synthetic mouth region 3D model is embedded into in-
put images. In this step, the 3D model’s color and scale are
adjusted to the input images. Even if an input movie (im-
age sequence) is moving during an utterance, we can acquire
natural synthetic images because the 3D model has geometry
information.

Consequently, the system outputs a lip-synchronized face
movie for the translated synthetic speech and image sequence
at 30 frames/second.

3. SPEECH TRANSLATION SYSTEM

The system is based on the speech-to-speech translation
system developed at ATR [2]. This system is called ATR-
MATRIX. The system consists of speech recognition, lan-
guage translation, and speech synthesis modules. The speech
recognition module is able to recognize naturally spoken ut-
terances in the source language. The language translation
module is able to translate the recognized utterances to sen-
tences in the target language. Finally, the translated sentences
are synthesized by the text-to-speech synthesis module. In
the following section, each of the modules is described.
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3.1. Speech recognition system

The long research history and continuous efforts of data
collection at ATR have made a statistical model-based
speech recognition module possible. The module is speaker-
independent and able to recognize naturally spoken utter-
ances. In particular, the system drives multiple acoustic mod-
els in parallel in order to handle differences in gender and
speaking styles.

Speech recognition is achieved by the maximum a poste-
rior (MAP) decoder, which maximizes the following proba-
bility:

W = argmax P(W]0)

= argmax P(O|W)P(W). (W
Here, P(O|W) and P(W) are called “acoustic model proba-
bility” and “language model probability, respectively.”

Parameters of the acoustic model and the language model
are estimated by speech data and text data. For the acous-
tic model, a hidden Markov model (HMM) is widely used.
However, the conventional HMM has problems in gener-
ating optimal state structures. We devised a method called
HMnet (hidden Markov network), which is a data-driven au-
tomatic state network generation algorithm. This algorithm
iteratively increases the state network by splitting one state
into two states by considering the phonetic contexts so as to
increase likelihood [5]. Speech data is sampled at 16 kHz and
16 bits. Short-time Fourier analysis with a 20-millisecond-
long window every 10 milliseconds is adopted. Then, after
a Mel-frequency bandpass filter and log compression, the
twelfth-order Mel-frequency cepstrum coefficients and their
first- and second-order time derivatives are extracted. For
acoustic model training, we used 167 male and 240 female
speech samples of travel dialogue and phonetically balanced
sentences. Total length of the training data is 28 hours. Using
this data, the structure and parameters of the HMnet acoustic
model are determined. The estimated model is composed of
1400 states with 5 Gaussian mixtures for speech and 3 states
with 10 Gaussian mixtures for the silence model.

For the language model, the statistical approach called
the “N-gram language model” is also widely used. This
model characterizes a probability of the word occurrence by
the conditional probability-based previous word history. A
trigram language model defined by the previous two words
is widely used. The length of “N” should be determined by
considering the trade-off between the number of parameters
and the amount of training data. Once we get a text corpus,
the N-gram language model can be easily estimated. For the
word triplets that occur infrequently, probability smoothing
is applied. In our system, a word-class-based N-gram model
is used. This method reduces the training data problems and
the unseen triplets problem by using a word class as part-
of-speech. For language model training, we used 7,000 tran-
scribed texts from real natural dialogues in travel domain.
The total number of words is 27,000. Using this text corpus,
the class-based N-gram language model is estimated for 700
classes.

Finally, the speech recognition system searches the opti-
mal word sequence using the acoustic models and the lan-
guage models. The search is a time-synchronous two-pass
search after converting the word vocabulary into a tree lex-
icon. The multiple acoustic models can be used in the search
but get pruned by considering likelihoods scores.

The performances of speaker-independent recognition in
the travel arrangement domain were evaluated. The word er-
ror rates for face-to-face dialogue speech, bilingual speech,
and the machine-friendly speech are 13.4%, 10.1%, and
5.2%, respectively.

3.2. Speech synthesis system

The speech synthesis system generates natural speech from
the translated texts. The speech synthesis system developed
at ATR is called CHATR [6}. The CHATR synthesis relies on
the fact that a speech segment can be uniquely described by
the joint specification of its phonemic and prosodic environ-
mental characteristics. The synthesizer performs a retrieval
function, first predicting the information that is heeded to
complete a specification from an arbitrary level of input and
then indicating the database segments that best match the
predicted target specifications. The basic requirement for
input is a sequence of phone labels, with associated fun-
damental frequency, amplitudes, and durations for each. If
only words are specified in the input, then their component
phones will be generated from a lexicon or by rule; if no
prosodic specification is given, then a default intonation will
be predicted from the information available.

The CHATR preprocessing of a new source database has
two stages. First, an analysis stage takes as its input an ar-
bitrary speech corpus with an orthographical transcription
and then produces a feature vector describing the prosodic
and acoustic attributes of each phone in that corpus. Second,
a weight-training stage takes as its input the feature vector
and a waveform representation and then produces a set of
weight vectors that describe the contribution of each feature
toward predicting the best match to a given target specifica-
tion.

At synthesis time, the selection stage takes as its input the
feature vectors, the weight vectors, and a specification of the
target utterance to produce an index into the speech corpus
for random-access replay to produce the target utterance.

3.3. Language translation system

The translation subsystem uses an example-based approach
to handle spoken language [7]. Spoken language transla-
tion faces problems different from those of written lan-
guage translation. The main requirements are (1) tech-
niques for handling ungrammatical expressions, (2) a means
for processing contextual expressions, (3) robust methods
for speech recognition errors, and (4) real-time speed for
smooth communication. :
The backbone of ATR’s approach is the translation model
called TDMT (8], which was developed within an example-
based paradigm. TDMT’s constituent boundary parsing [9]
provides efficiency and robustness. We have also explored
the processing of contextual phenomena and a method for
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TaBLE 1: Quality and time.

Japanese-to-German

Japanese-to-Korean English-to-Japanese

Language conversion Japanese-to-English
A (%) 43.4

A+ B (%) 74.0

A+ B+ C (%) 85.0

Time (seconds) 0.09

45.8 71.0 52.1

65.9 92.7 88.1

86.4 98.0 95.3
0.13 0.05 0.05

dealing with recognition errors and have made much
progress in these explorations.

In TDMT, translation is mainly performed by a trans-
fer process that applies pieces of transfer knowledge of the
language pair to an input utterance. The transfer process is
the same for each language pair, that is, Japanese-English,
Japanese-Korean, Japanese-German, and Japanese-Chinese,
whereas morphological analysis and generation processes are
provided for each language, that is, Japanese, English, Ko-
rean, German, and Chinese.

The transfer process involves the derivation of possible
source structures by a constituent boundary parser (CB-
parser) [9] and a mapping to target structures. When a struc-
tural ambiguity occurs, the best structure is determined ac-
cording to the total semantic distances of all possible struc-
tares. Currently, the TDMT system addresses dialogues in
the travel domain, such as travel scheduling, hotel reser-
vations, and trouble-shooting. We have applied TDMT to
four language pairs: Japanese-English, Japanese-Korean [10],
Japanese-German [11], and Japanese-Chinese [12]. Train-
ing and test utterances were randomly selected for each di-
alogue from our speech and language data collection, which
includes about 40 000 utterances in the travel domain. The
coverage of our training data differs among the language
pairs and varies between about 3.5% and about 9%. A sys-
tem dealing with spoken dialogues is required to realize a
quick and informative response that supports smooth com-
munication. Even if the response is somewhat broken, there
is no chance for manual pre-/postediting of input/output ut-
terances..In other words, both speed and informativity are
vital to a spoken-language translation system. Thus, we eval-
uated TDMT’s translation results for both time and quality.

Three native speakers of each target language manually
graded translations for 23 dialogues (330 Japanese utterances
and 344 English utterances, each about 10 words). During
the evaluation, the native speakers were given information
not only about the utterance itself but also about the previous
context. The use of context in an evaluation, which is differ-
ent from typical translation evaluations, is adopted because
the users of the spoken-dialogue system consider a situation
naturally in real conversation.

Each utterance was assigned one of four ranks for trans-
lation quality: '

(A) perfect: no problem in either information or grammar;

(B) fair: easy to understand with some unimportant infor-
mation missing or flawed grammar;

(C) acceptable: broken but understandable with effort;

(D) nonsense: important information has been translated
incorrectly.

Figure 2: 3D head model.

Table 1 shows the latest evaluation results for TDMT, where
the “acceptability ratio” is the sum of the (A), (B), and (C)
ranks. The JE and JG translations achieved about 85% ac-
ceptability, and the JK and EJ translations achieved about
95% acceptability. JK’s superiority is due to the linguistic
similarity between the two languages; EJ’s superiority is due
to the relatively loose grammatical restrictions of Japanese.

The translation speed was measured on a PC/AT Pentium
11/450 MHz computer with 1 GB of memory. The translation
time did not include the time needed for a morphological
analysis, which is much faster than a translation. Although
the speed depends on the amount of knowledge and the ut-
terance length, the average translation times were around 0.1
seconds. Thus, TDMT can be considered efficient.

4, GENERATING PERSONAL FACE MODEL

It is necessary to make an accurate 3D model that has the
target person’s features for the face recreation by computer
graphics. In addition, there is demand for a 3D model that
does not need heavy calculation load for synthesis because
this model is used for both generating a face image and track-
ing face location, size, and angle.

In our research, we used the 3D head model [13, 14]
shown in Figure 2 and tried to make a 3D model of the
mouth region. This 3D head model is composed of about
1,500 triangular patches and has about 800 lattice points.

The face fitting tool developed by IPA (Facial image
processing system for Human-like “kansei” Agent, http://
www.tokyo.image-lab.or.jb/aa/ipa/) is often used to generate
a 3D face model using one photograph. However, the manual
fitting algorithm of this tool is very difficult and requires a lot
of time for users to generate a 3D model with a real personal
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(a)

(c)

Figure 3: 3D model generation process. (a) Input image. (b) Fitting result. (c) Mouth model.

Ficure 4: Head and face 3D color range scanner.

face, although it is able to generate a model with a nearly
real personal shape along with many photographs. Figure 3
shows a personal face model. Figure 3a is an original face im-
age, Figure 3b shows the fitting result of a generic face model,
and Figure 3c is the mouth model constructed by a personal
model used for the mouth synthesis in lip synchronization.

In order to raise the accuracy of face tracking by using
the 3D personal face model, we used a range scanner like Cy-
berware [14], shown in Figure 4. This is a head-and-face 3D
color scanner that can capture both range data and texture as
shown in Figure 5.

We can generate a 3D model with a real personal shape by
using a standard face wire-frame model. First, to fit the stan-
dard face model to the Cyberware data, both the generic face
model and the Cyberware data are mapped to a 2D cylindri-
cal plane. Then, we manually fit a standard model’s face parts
to the corresponding Cyberware face parts by using texture
data. This process is shown in Figure 6. Finally, we replace the
coordinate values of the standard model to Cyberware range
data coordinates values and obtain an accurate 3D personal
face model shown in Figure 7.

The face fitting tool provides a GUI that helps the user
to fit a generic face wire-frame model onto texture face data
accurately and consistently with coarse-to-fine feature points
selection.

T

F1GURE 5: Acquired shape and texture.

F1GURE 6: Face parts fitting on 2D plane. (a) Before fitting. (b) After
fitting.

5. AUTOMATIC FACE TRACKING

Many tracking algorithms have been studied for a long time,
and many of them have been applied to tracking a mouth
edge, an eye edge, and so on. However, because of such prob-
lems as blurring of the feature points between frames or oc-
clusion of the feature points by rotation of a head, these al-
gorithms have not been able to provide accurate tracking.

In this chapter, we describe an automatic face-tracking
algorithm using a 3D face model. The tracking process using
template matching can be divided into three steps.

First, texture mapping of one of the video frame images is
carried out using the 3D individual face shape model created
in Section 3. Here, a frontal face image is chosen from the
video frames for the texture mapping.
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Figure 7: Generated 3D personal model.

Figure 8: Template face image.

Figure 9: Template matching mechanism.

Next, we make 2D template images for every translation
and rotation by using the 3D model shown in Figure 8. Here,
in order to reduce matching errors, the mouth region is ex-
cluded from a template image. Consequently, even while the
person in a video image is speaking something, tracking can
be carried out more stably.

Expression change also can be handled by modifying a
3D template with the face synthesis module. The face syn-
thesis module in the IPA face tool (http://www.tokyo.image-
lab.or.jb/aa/ipa) can generate a stereotype face expression
and also introduce personal character.

Currently, the test video image sequence includes slight
and ordinary expression change but does not include an
emotional expression. Therefore, modifying the face tem-
plate is not currently considered, and the face template is
treated as a rigid body.

Finally, we carry out template matching between the tem-
plate images and an input video frame image and estimate
translation and rotation values so that matching errors be-
come minimum. This process is illustrated in Figure 9.

] Translation & rotétian of 3D model

1

Create a 2D image from 3D model

]

Template matching

Video frame

No

Yes

Freure 10: Flow of face tracking.

Normalized error

FiGURE 11: Error graph for rotation.

We show a flow chart for the search process of a face po-
sition and a rotation angle in one frame in Figure 10, The
template matching for the tracking is carried out by using a
euclid error function in the RGB value of all pixels normal-
ized by the pixel number within a template.

Since template matching is performed only in the face re-
gion except for the blue back of template images and thus the
number of pixels is different for each template image, we ap-
ply normalization in the error function based on the number
of pixels.

By searching for a certain area, we obtain an error graph
as shown in Figure 11. An approximation shows that there
is only one global minimum. Therefore, we set initial values
of the position and angle to those in the previous frame and
search for desired movement and rotation from a 3* — 1 hy-
pothesis near the starting point. We show a conceptual figure
of the minimum error search in Figure 12.
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A small error

= A large error

Figure 12: 3" — 1 gradient error search.

6. EVALUATION OF FACE TRACKING

We carried out tracking experiments to evaluate the effective-
ness of the proposed algorithm.

6.1. Measurement by OPTOTRAK

To evaluate the accuracy of our tracking algorithm, we mea-
sured the face movement in a video sequence using OPTO-
TRAK (see [15]), the motion measurement system. We mea-
sured the following head movements:

(1) rotation of x-axis,
(2) rotation of y-axis,
(3) rotation of z-axis,
(4) movement of x direction.

In the following, we treat the data obtained by OPTOTRAK
as the correct answer value for tracking.

6.2. Evaluation of the tracking

As an example of a tracking result, a graph computing the
rotation angle to y-axis is shown in Figure 13. The average of
the angle error between the angle obtained by our algorithm
and that by OPTOTRAK is about 0.477 (degree).

This graph shows that the error increases as the rota-
tion angle becomes large. This is because the front image is
mapped on the 3D model. -

An example of a model matching movement in a video
frame is shown in Figure 14. The top row is the original video
frame chosen {rom the sequence randomly. The second row
is a synthetic face according to the position and rotation an-
gle estimated by our algorithm. The third row is the image
generated by replacing the original face with a synthetic one.
From a subjective test, the quality of the synthesized image
sequence looks so natural that it is impossible to distinguish
the replacement face from the original one.

6.3. Processing speed
The system configuration is as follows:

(1) CPU: Xeon 2 GHz;

(ii) Memory: 1 GB;
(iii) OS: Microsoft Windows 2000 Professional;
(iv) VGA: 3D labs Wild Cat 5110.

Angle (degree)
Ll

Frame number

-~ OPTOTRAK

- 3D model tracking
Difference

FiGure 13: Evaluation of rotation angle with y-axis.

In the first frame of the video sequence, it takes about
30 seconds because a full screen search is needed. In the suc-
ceeding frames with little head motion, the searching region
is limited locally to the previous position so this becomes 3
seconds. When the head motion becomes bigger, the search-
ing path becomes deeper and convergence takes a longer time
of up to 10 seconds. :

Currently, this is too slow to realize a real-time applica-
tion, but the delay time is only one video frame theoretically,
so a higher-speed CPU and video card can overcome this
problem in the future.

7. LIP SHAPEIN UTTERANCE

When a person says something, the lips and jaw move simul-
taneously. In particular, the movements of the lips are closely
related to the phonological process, so the 3D model must be
controlled accurately.

As with our research, Kuratate et al. [16] tried to mea-
sure the kinematical data by using markers on the test sub-
ject’s face. This approach has the advantage of accurate mea-
surement and flexible control. However, it depends on the
speaker and requires heavy computation. Here, we propose a
method by unit concatenation based on the 3D model, since
the lip-shape database is adaptable to any speaker.

7.1. Standard lip shape

For accurate control of the mouth region’s 3D model, lto et
al. {14] defined seven control points on the model. These are
shown in Figure 15. Those points could be controlled by geo-
metric movement rules based on the bone and muscle struc-
ture.

In this research, we prepared reference lip-shape images
from the front and side. Then, we transformed the wire-
frame model to approximate the reference images. In this
process, we acquired momentum vectors of lattice points on
the wire-frame model. Then, we stored these momentum
vectors in the lip-shape database. This database is normal-
ized by the mouth region’s size, so we do not need speaker
adaptation. Thus, this system has achieved talking face gen-
eration with a small database.
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FIGURE 14: Examples of model match-move.
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Figure 15: Positions of control points.

7.2,

Viseme is a word created from “phoneme,” which is the
smallest linguistic sound unit. Visemes are generally also de-
fined for lip movement information like [au] and [ei] of the
phonetic alphabet, but in this research we decomposed those
visemes further into shorter and more static units.

We classified English phonemes into 22 kinds of parts
based on visemes. In addition to English, we classified
Japanese vowel phonemes into 5 kinds of parts. We also pre-
pared a silent interval viserne. Table 2 shows the correspon-
dences of these 28 visemes to the phonemic notation outputs
from CHATR.

The system has as many standard lip-shapes in its
database as the number of visemes. Japanese consonant lip-
shape data come from 60% of the standard English conso-
nant lip-shape data.

In English phonemes, some kinds of visemes are com-
posed of multiple visemes. For example, these include [au],
[ei], and [ou] of the phonetic alphabet. As stated previously,
those visemes are decomposed into standard lip-shapes. We
call these multiplicate visernes.

Each parameter of phonemic notations from CHATR
has duration information. Furthermore, the decomposed
visemes need to be apportioned by duration information. We

Lip-shape classification by viseme

experimentally apportioned 30% of the duration informa-
tion to the front part of multiplicate visemes and the residual
duration information to the back part of them.

7.3. Utterance animation

The lip-shape database of this system is defined by only
the momentum vector of lattice points on a wire frame.
However, there are no transient data among the standard
lip shapes. In this section, we describe an interpolation
method for lip movement by using duration information
from CHATR.

The system must have momentum vectors of the lattice
point data on the wire-frame model while phonemes are be-
ing uttered. Therefore, we defined that the 3D model con-
figures a standard lip shape when a phoneme is uttered at
any point in time. This point is normally the starting point
of a phoneme utterance, and we defined the keyframe at the
starting point of each phoneme segment.

Thereafter, we assign a 100% weight of the momentum
vector to the starting time and a 0% weight to the ending
time and interpolate these times by a sinusoidal curve be-
tween them.

For the next phoneme, the weight of the momentum vec-
tor is transformed from 0% to 100% as well as the current
phoneme. By a value of the vector sum of these two weights,
the system configures a lip shape that has a vector unlike any
in the database. Although this method is not directly con-
nected with kinesiology, we believe that it provides a realistic
lip-shape image. The sinusoidal interpolation is expressed as
follows. When a keyframe lip-shape vector is defined as V,
located at ¢ = t,, and a previous keyframe vector is defined
as V,-q att = t,., an interpolation between these keyframes
is realized by the weight W,, and the lip-shape vector is de-
scribed as M(t):

M(t) = Wn(vn—l - Vn) +O~5(Vﬂ~1 + Vn))

b= fp-y )
—— T
tn _trz~l

= [t11~l>tn]>
where W, = 0.5 cos (
(2)
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Tagsre 2: Classification of visemes.

Viseme number Phoneme notation

from CHATR

1 fael

2 fah/, lax/

3 /A]

4 /aal

5 fer/, fah r/

6 /iy/, fih/

7 fuh/

8 fuw/

9 feh/
10 /oh/, fao/
11 Jax t/ English
12 M
13 1574
14 ol, Ipl, Im/
15 1t/
16 /d/, In/
17 /k/, Ig/, Inh/, Ing/
18 1, vl
19 Isl, 12/, Ishl, Izhl, s/,

/dz/, fch/, fih/

20 /th/, /dh/
21 Iyl
22 fwi
23 fal, A/
24 fil, 11/
25 /a/, U/ Japanese
26 le/, [E]
27 fol, 10/
28 141 Silence interval

8. EVALUATION EXPERIMENTS

We carried out subjective experiments to evaluate effective-
ness of the proposed image synthesis algorithm. Figures 16
and 17 show examples of the translated speaking face im-
age. In order to clarify the effectiveness of the proposed sys-
tem, we carried out subjective digit discrimination percep-
tion tests. The test audio-visual samples are composed of
connected 4 to 7 digits in Japanese.

We tested using original speech and speaking face movies
in speech. The original speech is used under the audio condi-
tions of SNR = —6, —12, —18 dB using white Gaussian noise.
Figure 18 shows the results. Subjects are 12 Japanese students
{10 males and 2 females) in the same laboratory. Discrimina-
tion rate means the rate users can recognize each digit accu-
rately by listening with headphones.

In every case, according to the low audio SNR, the sub-
jective discrimination rates degrade. “Voice only” is only
playback of speech without video. Even in the case of

(a) (b)

Ficure 16: Translated synthetic image from Japanese to English. (a)
Original image. (b) Synthetic image.

(a) (b)

Froure 17: Translated synthetic image from English to Japanese. (a)
Original image. (b) Synthetic image.

100

Discrimination rate (%)
w
<

Linear Sinusoidal Mismatch

Voice only Original

SNR-18 (db)
SNR-12 (db)
0 SNR-6 (db)

Ficure 18: Subjective digit discrimination rate: evaluation test re-
sult.

SNR = —6dB, the discrimination rate is not 100%. However,
by adding a matched face movie, the rate becomes 100% in
all cases. “Original” is a combination of the original voice
and the video-captured natural face image. In this case, even
at —18dB, a high discrimination rate can be achieved. “Lin-
ear” indicates linear interpolation of keyframe parameters of
the basic mouth shape. Lip-shape vector M(t) is expressed as
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follows:

M(t) = Voo +at £ = [te, b, (3)
where o = (V,, — Va1 )/ (ty = ta—1). “Sinusoidal” is nonlinear
interpolation using a sinusoidal curve between keyframes as
described in Subsection 7.3.

“Mismatch” is using a digit voice and an unsynchronized
video-captured face saying another digit number. The dis-
crimination rate drastically degrades in the case of “Mis-
match” between voice and image, even at ~6 dB.

As a result nonlinear interpolation using a sinusoidal
curve while considering coarticulation is able to reach a high
score, and the proposed system significantly enhances per-
ception rates. This method provides a good standard for eval-
uation of lip synchronization. A better interpolation method
for lip synchronization will be pursued in order to more
closely match the original image sequence.

9. CONCLUSIONS

As a result of this research, we propose a multimodal transla-
tion system that is effective for video-mail or applications for
automatic dubbing into other languages. For a video phone
application, a few seconds delay is inevitable depending on
speech recognition and translation algorithm, and this will
never be overcome theoretically, therefore real-time telecom-
" munication cannot be realized. Video tracking requires high
cost now, but this will be overcome by increases of CPU
power.

Currently, speech recognition and machine translation
strongly depend on context. However, the size of context will
grow bigger and bigger, and context-independent systems
will be realized in the future by changing databases.

Our proposed system can create any lip shape with an
extremely small database, and it is also speaker-independent.
It retains the speaker’s original facial expression by using in-
put images besides those of the mouth region. Furthermore,
this facial-image translation system, which is capable of mul-
timodal English-to-Japanese and Japanese-to-English trans-
lation, has been realized by applying the parameters from
CHATR. This is a hybrid structure of the image-based and
CG-based approaches to replace only the part related to ver-
bal information.

"In addition, because of the different durations between
original speech and translated speech, a method that controls
duration information from the image synthesis part to the
speech synthesis part needs to be developed.

A method to evaluate lip synchronization was proposed
and it will provide a standard method for lip-sync perfor-
mance evaluation.
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Future Cast System

Akinobu Maejima™
Waseda University

Shigeo Morishima’
Waseda University

1 Introduction

Most likely, everyone has gone through dreaming of acting a hero in
the movie. The system called “Future Case System”(FCS) is a new
entertainment system that is easily able to accomplish that dream.
FCS has been implemented in MITSUI TOSHIBA pavilion at Expo
2005 Aichi Japan first in the world. This attraction is to allow 240
theater attendances to have a role of the movie they are watching.
Comparing FCS with Previous Attraction Systems (PASs), PASs
provide the visual information to visitors one-sidedly. On the other
hand, since attendances’ faces come out on the screen, they can feel
as if they are acting in the movie. This is the main idea of FCS and
makes attendances’ feeling of immersion increase.

2 Overview of Future Cast System

Fig 1 shows the overview of FCS. First, FCS requires the atten-
dances to be scanned by a range-scanner to measure their 3D face
information. This 3D information has attendance’s personal charac-
teristic such as nasal height and tumor of cheek. Then FCS automati-
cally constructs a CG character face based on this information.
Attendance’s facial texture is captured by front camera of the range
scanner at the same time. Based on this information, personal infor-
mation that includes skin color, iris color, gender, and age are esti-
mated from the facial texture in the same process. The cast is decided
by estimated information. CG character’s face is synthesized in real-
time by pre-making scenario data that correspond to each scene of
the movie. Finally, the movie is screened with blending the synthe-
sized CG character’s face and pre-rendered movie.

3 Scanning 3D information of personal face

The range-scanner consists of seven digital cameras that are placed
in a half circle. Using this scanner, the 3D information of attendance’s
face is measured by image processing. Due to constraint of process-
ing time, FCS only deals with front face data. However, this algo-
rithm can handle 3D information of all around personal head data if
this system uses more cameras. Additionally, the facial texture of
attendance’s front face corresponds to 3D data on each pixel. The
facial texture and 3D data transfer to the synthesis process.

4 Generating 3D personal face model

In order to generate realistic CG character from attendance’s per-
sonal 3D face information, the 3D standard wire frame model is
fitted to the facial texture automatically. In this fitting process, facial
feature points such as eye contour, eyebrows and chin are detected
by image processing automatically. Mesh vertex of the wire frame
are placed based on our interpolation rule. Through this process,
personal face model is generated. In addition, this process carries out
estimation of gender, age, and iris color.
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5 Real time facial animation and Rendering

In order to express facial emotions such as happiness, or mouth
shapes with utterance, we prepare basic facial emotional patterns
and mouth shapes called “Target Shape” and FCS synthesizes facial
expression by blending target shapes. Based on the pre-planned
story called “Grand Odyssey” we prepare Environment Scenario
Data (ESD) and Cast Scenario Data (CSD) that has time-code data
for each scene of the story. ESD defines lighting environment. CSD
defines the blend ratio of each target shape for each CG character. In
synchronization with Facial expression, rendering is performed based
on ESD and CSD for each frame. The cast is selected by age and
gender information after sorting. One of the pre-recorded (pre-scor-
ing) voice track is selected by gender recognition result. That is, the
cast is changed by age composition and the ratio of male and female
of all attendances. There is no relation with the order of scanning.
This is the big advantage of FCS to make a game feeling and a re-
peater. Even though attendances come back to FCS, they may be
able to enjoy another role and watch unique movie each time.

6 Results

Fig 2 shows one scene of “Grand Odyssey”. All of the faces are
replaced to attendances’ faces. The rendering result based on ESD
seems to match to the movie seamlessly. In this paper, we have
described the world’s first entertainment system called Future Cast
System. FCS makes attendances appear on a pre-planned movie as
a CG character. As a result, attendances can be absorbed in the movie
and feel high realistic sensation and immersion feeling in the story. In
addition, if there are pre-planned movie and scenario data, FCS can
be applied to any attractions. Improving the FCS to personalize not
only attendance’s face but also body and voice is a future work.
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(Full-Automatie)

d Generic facial mesh moded |
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Figure 1: Overview of the Future Cast System
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Figure 2: One scene of “Grand Odyssey”
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Face Analysis and Synthesis for Entertainment
Shigeo MORISHIMA

Abstract — Copying human action accurately is main scheme in entertainment VR

area to control and generate a virtual human or cartoon character in a screen.

Motion capture system is generally used to generate a crone human in the scene

of motion picture or interactive game, however, huge manual operation at post

processing is inevitable to generate high quality image. In this paper, especially

copying facial action is focused on and high quality and accurate method to

generate and copy natural impression of face with semi-interactive process using

face image analysis and face image synthesis scheme. Finally, some application

systems in entertainment area are introduced.

Keywords : facial expression, lip synchronization, multimodal communication,

face tracking, multimodal translation
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HyperMask is a system which projects an an-
imated face onto a physical mask worn by an
actor. As the mask moves within a prescribed
area, its position and orientation are detected
by a camera and the projected image changes
with respect to the viewpoint of the audi-
ence. The lips of the projected face are au-
tomatically synthesized in real time with the
voice of the actor, who also controls the fa-
cial expressions. As a theatrical tool, Hyper-
Mask enables a new style of storytelling. As
a prototype system, we put a self-contained
HyperMask system in a trolley (disguised as
a linen cart), so that it projects onto the mask
worn by the actor pushing the trolley.
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1 Introduction

HyperMask is a demonstration technology for a the-
atrical tool. It enables a new style of storytelling, in
whichahumanactor’s performance isenhanced by the
system in an entertaining manner. However, the same
technology could also be useful for other applications
inwhichactive projectionisnecessary. For example,in
the so-called “Office of the Future” (Raskeretal. 1998)
or an interactive playground, we would like to be able
to project dynamically images and information onto
moving, irregularly shaped objects.

Also, HyperMask is an interesting demonstration
system for its integrated component technologies.
Basically, HyperMask consists of camera that ob-
serves the stage, and a retro-projector that projects
image information (e.g. onto the masks of the ac-
tors). Note that the retro-projector can be considered
as a camera whose direction of propagation of light
is inverted. Our first technical step was to implic-
itly calibrate the geometry implied by the camera and
projector without explicitly calculating all intrinsic
and extrinsic parameters, which is time-consuming
and error-prone.

Another technology is real-time lip synchronization
using user’s own texture mapping. This system al-
lows the user to quickly fit a face texture to a 3D
polygonal model. Then, a neural network is trained
for predicting lip movements based on vowels. The
system can then synchronize the lip movements of
the face model with the voice of the user in real time.
The expression of the projected face can also be al-
tered by the user.

The HyperMask project improves technologically
some seminal work explored in different ways by
contemporary artists. Projecting human faces and
bodies onto mostly static objects and puppets has
appeared in many art pieces, notably in the works
of Tony Oursler and Laurie Anderson in the 1990s.
Before that, some artists have also experimented
with video-based heads for performers. In particu-
lar, Otavio Donasci has explored “video-creatures”
since the beginning of the 1980s, in performances
where actors used video monitors as their heads. The
actors’ faces were hidden from the public and substi-
tuted for the faces of off-stage actors captured live by
a video camera.

2 HyperMask prototype

The first prototype of the HyperMask was used in
a performance at the Sony Computer Science Labo-
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Fig, 1. Installed camera and projector
Fig. 2. HyperMask prototype

ratory in the summer of 1998. After that, we incorpo-
rated the lip-synching and facial expression control
software described in this paper. Based on these early
experiments, we created a performance piece for the
SIGGRAPH’99 Emerging Technologies exhibition
that used a portable version of the HyperMask sys-
tem. The equipment (camera, projector and com-
puter) is loaded into a trolley, and the actor wheels
the trolley around the performance area and chats
with the audience. The faces projected onto the mask
reflect the tone and content of the various stories and
interactions.

Figures 1 and 2 show this HyperMask prototype. The
camera on the trolley is always tracking the actor’s
mask, and the LCD projector is always projecting

a synthesized facial expression onto the mask. The
actor’s speech, picked up through a microphone in
the mask, is converted into a lip shape in real-time,
and the lip shape image is generated. Then a face im-
age, with a facial expression chosen by the user via
a small keypad, is synthesized using a 3D face model
and texture mapping. The actor can also change the
face model and texture using the keypad.

3 Camera and projector calibration

A major goal of the HyperMask project was to al-
low the actor using the mask to move her face, so
she can use facial gestures, look to the audience,
nod, etc. To accomplish this we made the pro-
jected face considerably smaller than the projectable
area, so if the actor moves around the projector’s
cone of light, it is possible to keep the computer-
graphics (CG) face projected on her face by sim-
ply moving the CG face around the projectable
area.

In the HyperMask system a camera is employed to
track the position of the mask by finding on the cam-
era imagery the position of 4 infrared markers on the
mask. To project the CG face exactly on the mask
worn by the actor, it is necessary to calibrate the cam-
era to the projector, i.e., to determine for any point in
the camera image its corresponding point in the pro-
jector’s image.

The relationship between points observed on a pla-
nar surface from two different cameras is known
to be a homography (Faugeras 1993). A homog-
raphy (also called collineation, since it preserves
lines) is a 3 x 3 matrix defining a linear applica-
tion in the projective space that, for a given planar
surface of the real world, maps all projected points
in one camera’s image into the other camera’s im-
age. ,

The fundamental observation is that from a geomet-
rical point of view, “ideal” pinhole projectors and
cameras are identical (see Fig. 3). Let H denote the
homography that relates the image of the projec-
tor image frame to the camera image frame. This
means that a 2D point homogeneous coordinates on
the camera image,

¢ = (Xc/Zes Vel 2e)
matches a 2D point,

p= (xp/zln yp/zp) >
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on the projector image as follows:

xp X
pP=1Yp =Hc=H{y:
Zp Z.(_'

A homography is completely defined if the projec-
tion of four 3D points of the world on both image
planes is known. To determine the homography be-
tween a camera and a projector, we need simply to
obtain the four needed points while manually align-
ing a projection of the surface with the real surface
(see Fig. 3).

The homogeneous coordinates of four points to be
projected,

pi:(xi,»yj,al) i:11253149

are determined arbitrarily, making sure that the
points are visible and there is a way to move the real
surface so it aligns with the projection. Then, we
consider the homogeneous coordinates of the four
points on the camera image as sensed by the tracking
system,
c=Ghoyl ) i=1,234.
Let the homography matrix, H, be defined as fol-
lows:

h] hz /13
1’14 115 h6
/17 ]’lg /29

H =

Matrix H is defined up to a scalar coefficient. As-
suming hg 7 0, we set g = 1.

A point with homogeneous coordinates (x y w) is
transformed to (x” y"w’) as below:
X"=hx+hy+haw,

' =h4x+hsy+hew,

w' =hyx+hgy+how.

Setting w = 1 yields

;X hxthoy+hs
w’  hyx+hgy+1
, Y hax+hsy+he
w’ - hox+hgy+1

This can be written as

x' =hx+hyy+hs—hyxx'—hgyx',
y = hax +hsy+he—hixy —hgyy'.

We obtain the following linear system to solve (we
need to invert the 8 x 8 matrix):

xp 110 00 —xjx; —xi» (h; x|
0 00x; yi1 1 —yxr —yiy || Y
2y 1 0 00 —xjxo —xiys |1 hs x5
0 00ux2y2 1 —yoxo =y flhad_|
x3y3 10 00 —xix3 —xiys{lhs] | x|’
0 00ux3y; 1 —yuxs —y3y3 |1 he ¥
x4 41 0 00 —xjxqs —xyya || hy Xy
00 0xsyal —yxs —ypue) \is/  \3/
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where x| = x .

{1,2,3,4}.

Computing homographies is quite an unstable nu-
merical process. Indeed we need to invert a 8§ x 8§ ma-
trix. Therefore, we may use singular value decom-
positions or pseudo-inverse if H is ill-conditioned.
Another alternative is not to use points but corners,
as suggested in Zoghlami et al. (1997). A corner is
defined by two half-lines joining in an intersection
Jjunction. If more fiducials are available, we can com-
pute more reliably the homography by using least
median square methods or even better the statistical
approach of Kanatani (1998).

However, if the plane is far enough from both the
projector and camera (in relation to ‘their baseline
distance), we can relax the homography by an affine
transform (or even similitude) as described below. In
fact, our final system used this simplified approach:
Taking the matrices corresponding to these two sets
of four points,

/ /i o [} .
Y=y, andx; =x[, y; = y! fori e

P=(p].p3. P}, pi)

and

C = (CIT C;, cg, C4T) ,

we want P = HC, whose solution is
H=pPC"(cc")™" .

During run-time, we simply take a point in camera
image ¢ = (x, Y., 1), project it through the homog-
raphy H, obtain p = Hc and compute the position on
the projector’s image plane,

r= (xp/zpa yp/zp) .

Surprisingly, this calibration step is numerically sta-
ble even with only four points, and can be done, in
practice, in a few seconds. We believe that the stabil-
ity is also related to the fact that in our experiments
the projection centers of the camera and the projec-
tor are close to being aligned. Note that there is no
need to determine the camera’s intrinsic parameters
or those of the projector.

4 Tracking the projection surface

In our experiment, we used plain markers on the pro-
Jection surface. In particular, we employed infrared

LEDs that can be easily tracked by a camera with
an infrared filter. However, if we move the mask
too quickly, we observe that the projected image
“falls behind” the moving surface. That is, there is
a “shifting” effect, where the observations at dis-
crete time ¢ on the camera image, c(t), are displayed
by the projector at time f+dr using the estimate
at time f, p(r) = HC(). To reduce the “shifting”
problem we employ a predictive Kalman filter (Gelb
1974) that estimates the most likely position of ev-
ery point at time ¢ + dz, using equations of dynamics
as the underlying model of the Kalman filter, as
shown in Fig. 3. The parameter dt, corresponding
to the average delay between sensing and display-
ing, is determined experimentally. The Kalman fil-
tering approach proved to be very effective in our
experiments. ‘

5 Handling a 3D mask

The method described above works quite well for
a planar surface. However, when transferring from
a 2D mask to a 3D mask, we have to handle the pro-
jected pattern more carefully. Given our projection
setup, two kinds of problems occur. First, when the
mask is panned to the left or to the right, hidden (or
occluded) parts of the virtual projected mask do not
appear on the physical mask. One ideal solution is
to have a set of cameras and projectors covering the
whole stage. Each projector would have to project
an image on the parts of the mask it can effectively
hit through a ray emanating from its optical center.
However, in a performance situation it is possible to
constrain the interaction with the audience so almost
always the actor is looking forward, so projection oc-
clusion is minimized.

The second problem arising from projection onto
a 3D mask is related to the fact that the projection has
to be corrected for the differences in depth in the pro-
jected surface. For example, suppose we have a mask
in the shape of a human face, onto which a “clown”
mask with a red nose is projected. Now suppose we
are projecting a 2D CG rendition of a face. Also as-
sume that the tracking system is able to correctly
detect the borders of the mask and to deform the CG
face to match the borders of the mask. As we rotate
the mask from center to left, the projection of the cor-
rected 2D face will, in general, put the clown’s red
nose in the incorrect place. This is because the nose,
when viewed in a profile, moves more to the right
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than the rest of the face, simply because its 3D posi-
tion is in front of the other parts of the face.

The simple way to correct for this is to project a 3D
CG model of a face so it replicates in the virtual
world the movements of the 3D mask in the real
world. Therefore, we have to recover the attitude
(Lowe 1991), 1.e. the 3D coordinates and 3D orien-
tations in the frame world, of our 3D mask, in order
to put its model in a virtual 3D scene so that we can
perform corresponding CG occlusion and project the
observed 3D scene (a 2D image) onto the mask in
the 3D world. Our system uses simple mechanisms
based on the relative lengths of the observed position
of the'LED to estimate the 3D attitude of the mask.
Based on those measurements, the system is able to
project a 3D face onto the mask that correctly oc-
cludes areas of the face as the user rotates her head.

6 Real-time talking head

To realize real-time lip synchronization, the user’s
voice (captured by a microphone) is phonetically
analyzed and converted to a mouth shape and ex-
pression parameters on a frame-by-frame basis. LPC
Cepstrum parameters are converted into mouth shape
parameters by a neural network trained on vowel
features. Figure 4 shows the neural network struc-
ture for parameter conversion. The 20-dimensional
Cepstrum parameters are calculated every 32 ms
with a 32 ms frame length. The mouth shape is
then synthesized according to these mouth-shape pa-
rameters. The facial expression is chosen by the
user, from Anger, Happiness, Disgust, Surprise, Fear
and Sadness. Each basic emotion is associated with
specific facial expression parameters described by
FACS (Ekman and Friesen 1978).

/7 Designing the mouth shape

The set of mouth shapes can be easily edited by
our mouth-shape editor (see Fig. 5). We can change
each mouth parameter to determine a specific mouth
shape, which can be seen in the preview window.
Typical vowel mouth shapes are shown in Fig. 6. Our
special mouth model has polygons for the teeth and
the inside of the mouth. A tongue model is now under
construction. When converting from the LPC Cep-
strum parameters to the mouth shape, only the mouth
shapes for S vowels and nasals are defined in the

L;: LPC Cepstrum
Mj: Mouth Shape Parameter
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Fig. 4. Network for parameter conversion from voice to
mouth shape

Fig. 5. Mouth shape editor

training set. We have defined all of the mouth shapes
for Japanese phonemes and English phonemes using
this mouth-shape editor.

8 Customizing the face model

To generate a realistic avatar’s face, a generic face
model is manually adjusted to the user’s face im-
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age. To produce a personal 3D face model, both
the user’s frontal face image and profile image
are necessary. The generic face model represents
all of the control rules for facial expressions (de-
fined by FACS parameters) as a 3D movement
of grid points, which modify the geometry of the
model.

Figure 7 shows a personal model both before and
after the fitting process for a front-view image, us-
ing our original GUI-based face-fitting tool. The
front-view image and the profile image are loaded
into the system, and then the corresponding con-
trol points are manually moved to an approxi-
mately correct position, using the mouse. The syn-
thesized face results from mapping a blended tex-
ture (generated from the user’s frontal image and
profile image) onto the modified personal face
model.

However, sometimes self-occlusion happens, and
we cannot capture the whole texture using only the
front and profile face images. To construct the 3D
model more accurately, we introduce a multi-view,
face-image-fitting tool. Figure 8 shows the fitted re-
sult with face images from any oblique angle. The
rotation angle of the face model can be controlled
in the GUI preview window to achieve the best fit
for face images captured from any arbitrary angle.
Figure 9 shows examples of reconstructed faces. Fig-
ure 9a uses 9 view images, and Fig. 9b uses only
frontal and profile views. As you can see, much
better image quality is achieved by the multi-view
fitting process.

9 User adaptation of voice

When a new user comes in, the voice model, as
well as the face model, has to be registered before
operation. Ideally, the neural network has to be re-
trained in each case. However, it takes a very long
time to get convergence using back-propagation. So,
75 subjects’ voice data, including 5 vowels, were
pre-captured, and a database of weights of the neural
network and the voice parameters were constructed.
So, speaker adaptation is performed by choosing the
optimum weights from the database. When a new
non-registered speaker comes in, s/he has to speak
5 vowels into a microphone. The LPC Cepstrum
is calculated for the 5 vowels, and this is fed into
the neural network. The mouth shape is then cal-
culated by selected the weight, and the error be-

Fig. 6. Typical mouth shapes

Fig. 7a,b. Frontal model fitting using the GUI tool. a Ini-
tial model. b fitted model
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Fig. 8. Multi-view fitting to obligue angle
Fig. 9a,b. Reconstructed face. a Multi-image view; b two-

image view
Fig. 10. Projected face on mask

tween the true mouth shape and the generated mouth
shape is calculated. This process is applied to all
of the database entries one by one, and the opti-
mum weight is selected when the minimum error is

detected.

10 Interactive experience

In our proposed performance, the user is an ac-
tor portraying a storytelling character (see Fig. 10).
During the stories. the attendees are the audience
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at a live computer-assisted performance. Between
stories, however, they can chat with the character.
The actor can improvise because the combination of
real-time lip synchronization, active projection, and
user-controlled facial expressions does away with
the need for a fixed script. Surprisingly, coordinat-
ing the story-telling process with the manual con-
trol of the facial expressions took the actors only
about 1 hour to master. After that period, it became
quite natural to produce any desired facial expres-
sion by clicking the corresponding button on the
keypad.

The HyperMask system uses an SGI Indigo2 work-
station (MIPS 10000, 128 MB, IRIX6.5), a camera
(Sony EVI-G20), an LCD projector (Sony), and
a LED-marked mask. The chambermaid costume,
wig, shopping cart, and linen are optional. A scene
of live demo is shown in Fig. 10. This demonstration
was made in the SIGGRAPH 99 Emerging Technol-
ogy exhibition area. Hundreds of people watched the
stories and interact with the two performers behind
the mask (Kim Binsted and Claudio Pinhanez). Nor-
mally, 5 to 10 people at a time gathered around the
performance.

11 Future vision of HyperMask

The HyperMask system is a combination of different
technologies, and each will have different social, cul-
tural and technical implications. Active projection
could be useful in a number of different applica-
tions. For example, in the so-called “Office of the
Future”, we would like to be able to project dynam-
jcally images and information onto moving, irregu-
larly shaped objects. We plan to extend the system
to use several cameras and projectors, so that ob-
jects can be covered with projected images, which
can then be viewed from any direction. More inter-
estingly, we are also considering the use of a system
with one fixed projector whose image is deflected
by a rotating mirror, similar to the “everywhere
displays projector” proposed by Pinhanez (2001).
We also hope to be able to make the object mark-
ers more subtle, or even remove the need for them
completely.

Talking heads with real-time lip synchronization also
have a number of potential applications, most obvi-
ously as avatars for virtual communities and gam-
ing. We also like to imagine people being able to
put themselves into famous movies, by substitut-

Fig. 11. Interactive movie

ing their face for Harrison Ford’s (Morishima 1996)
(see Fig. 11). In addition, we have proposed “Dan-
ger Hamster 2000 (Binsted et al. 2000), which is
an entertainment system that uses the HyperMask’s
technologies (see Fig. 12).
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Fig. 12. Danger Hamster 2000 system

Computer-enhanced live performance in general
shows a lot of promise. In order to support human
performers in their task of entertaining and interact-
ing with a live audience, the technology needs to be
flexible, fast, and provide new creative opportuni-
ties. We believe that HyperMask is a first step in this
direction.

12 Conclusion

We have described HyperMask, a system for project-
ing images onto an actor’s mask as that mask moves
around in a performance area. The projected image
is an animated face with real-time lip synchroniza-
tion with the actor’s voice. The face’s expression is
controlled by the actor to fit with the tone and con-
tent of the story being told. We also described the

HyperMask prototype system, which was put into
a linen cart pushed around by a chambermaid, a char-
acter who tells amusing stories and chats with the
audience.
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Fig.5 Location of mouth parameters.
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Multi-modal Translation System

- Model Based Lip Synchronization with Automatically Translated Synthetic Voice -

Shin OGATA !
T Faculity of Engineering, SEIKEI Univ.

Satoshi NAKAMURA !

Shigeo MORISHIMA '
I ATR Spoken Language Translation Research Lab.

Abstract In this paper, we introduce the multi-modal English to Japanese and Japanese to English translation system, which
translates the speaking motion synchronized to the translated speech. To retain the speaker’s facial expression, we substitute
only speech organ’s image with the synthesized one, which is made by a three-dimensional wire frame model that is adaptable
to any speaker. Our approach enables the image synthesis and translation with extremely small database.
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Abstract

Face and gesture cloning is essential to make a life-like agent more believable and to give it a personality and a
character of target person. To realize cloning, an accurate face capture and motion capture are inevitable to get
corpus data about face expressions, speaking scenes and gestures. In this paper, our recent approach to capture the
personal feature of face and gesture is presented.

For the face capturing, a face location and angles are estimated from video sequence with personal 3D face
model and then a synthetic face model data is imposed into frames to realize automatic stand-in system or
multimodal translation system..

A stand-in is a common technique for movies and TV programs in foreign languages. The current stand-in that
only substitutes the voice channel results awkward matching to the mouth motion. Videophone with automatic voice
translation are expected to be widely used in the near future, which may face the same problem without lip-
synchronized speaking face image translation. In this paper, we introduce a method to track motion of the face from
the video image and then replace the face part or only mouth part with synthesized one which is synchronized with
synthetic voice or spoken voice. This is one of the key technologies not only for speaking image translation and
communication system, but also for an interactive entertainment system. Also, an interactive movie system is
introduced as an application of entertainment system.

Capturing and copying a facial expression based on a physics base facial muscle constraint has been already
presented[6]. So in this paper, this part is not described.

For a gesture capturing, commercially available motion capture products give us fairly precise movements of
human body segments but do not measure enough information to define skeletal posture in its entirety. This paper
describes how to obtain the complete posture of skeletal structure with the help of marker locations relative to bones
that are derived from MRI data sets.

1 Introduction

Recently, CG technology is used in various media, such as TV programs, movies and amusements. The CG
quality rapidly progresses in these several years, and has reached even at the same level as a photograph taken on the
spot. Furthermore, the researches which generate and control human's facial images and body motion by CG also
performed briskly, and their applications in various fields are expected.

In a human communication scene, it seems that verbal information is the most important and additionally, non-
verbal information also plays an important role in natural communication. The facial expression is thought to send
the most of the non-verbal information. From this viewpoints many researches have been studied such as face-to-
face communication using 3D face model, called an avatar on cyberspace as one of the communication forms, and
we proposed HYPERMASK as an interaction experiment with theatrical tool using a real object, on which various
synthesized facial expressions are projected.

As for speech communication, a spoken language translation has been studied at ATR and a prototype system,
ATR-MATRIX][2] is developed for the limited domain of hotel reservation between Japanese and English. On the
other hand, the stand-in of a foreign language for overseas movies and TV programs, has been performed
conventionally. But its speech sounds and mouth motions are always not synchronized.

A gesture also includes non-verbal information. Sometimes body motion includes personality, skill, emotion
and etc.. However, these information cannot be captured easily. A motion capture system is widely used to get body
motion for synthetic movie actor or game character. Current commercial motion capture system can only capture the
markers’ position put on a actor’s body and then approximate bone data is estimated to generate a character motion.
So huge handwork in post-process is inevitable to make a target motion.



The first part of this paper proposes a method to generate 3D personal face model with real personal face shape,
and to track the face motion like movement and rotation automatically and accurately for audio-visual speech
translation and interactive movie system. The method enables to detect translation and rotation of the head by
template matching using a 3D personal face model.

The second part of this paper proposes a method to capture an accurate motion of bones and joints of human body
with combination of motion capture system and MR1

2 3D Personal Face Model

Face fitting tool developed by our group[3] is a tool to generate a 3D face model using one’s photograph. But
the manual fitting algorithm requires a lot of time for users to generate a good 3D model with real personal face,
although it is able to generate an approximate model every time with real personal shape by fitting many
photographs without any lack of facial vertices.

In order to raise accuracy of face tracking using the 3D face model, we used 3D color range scanner to generate
a 3D model with a real personal shape. We show data acquired by Cyberware range scanner in Fig.1. This data is
only a uniform vertices, so we cannot control facial expression because there is no meaning in every point. So at
first, to fit a generic face model to the range data, both a generic model and range data are mapped to 2D plane.
Then, we manually fit a generic model’s face parts to corresponding parts in captured texture (Fig.2 left). Finally,
we replace the depth coordinates values of the standard model with range data values and obtain a real 3D personal
face model (Fig.2 right).

Figure 1. Captured Range Data and Texture Figure 2. Fitting Result and Personal 3D Model

3 Tracking Face in Video Sequence

Many tracking algorithms have been studied by many researchers for a long time, and a lot of algorithms are
applied to track a mouth contour, an eyes contour, and so on. However, because of blurring feature points between
frames, or occlusion of the feature points by rotation of a head etc., these algorithms were not able to do accurate
tracking enough to regenerate natural expression. In this chapter, we describe an automatic face tracking algorithm
using a 3D face model. This is not a point tracking but a surface tracking by treating a part of face surface as a rigid
object.

Tracking processing using template matching can be divided into the three steps. First, texture mapping of one
of the video frame images is carried out to the 3D individual face shape model created in Chapter 2. Here, the frontal
face image is chosen out of video frame images for the texture mapping. The reason is that the video images used in
this experiment are mainly frontal in movement and the lighting condition does not change so drastically in the same
video sequence. Anyway, we have to fit a generic face model to one frame shot from video sequence by manual
operation. ‘

Next, we make a 2D template images for every translation and rotation using a 3D model (Fig.3).

Here, in order to reduce a matching error, a mouth region is excluded in a template image. Thereby, even while the
person in a video image is speaking something, tracking can be carried out more stably.
Finally, we carry out template matching between the template images and an input video frame image and estimate
translation and rotation values so that a matching error becomes minimum using mean square error of RGB values.
Fig.4 shows an example of original video sequence. After face tracking, face part is extracted from original
sequence in Fig.5. By replacing with synthesized mouth shape, new image sequence is coming out in Fig.6.



Figure 3
3D Face Template

Figure 6 Synthesized Image after Replacing Mouth Part

4  Video Translation System

In this chapter, a video translation system is introduced. The system is divided broadly into two parts: one is a
speech-translation part and a image-translation part. A speech-translation part is composed of ATR-MATRIX[2],
which was developed in ATR-ITL. ATR-MATRIX is composed of ATR-SPREC to execute speech recognition,
TDMT to handle text-to-text translation, and CHATR to generate synthesized speech. In the process of speech
translation, the two parameters of phoneme notation and duration information, which are outputs from CHATR, are
applied to facial image translation.

The first step of a image-translation part is to make a 3-D model of the mouth region for each speaker by fitting a
standard facial wire-frame model to an input image. Because of the differences in facial bone structures, it is
necessary to prepare a personal model for each speaker, but this process is required only once for each speaker. This
process is already shown in Chapter 2.

The second step is to generate lip movements for the corresponding utterance. The 3-D model is transformed by
controlling the acquired lip-shape parameters so that they correspond to the phoneme notations from the database
used at the speech synthesis stage. Duration information is also applied and interpolated by some interpolation for
smooth lip movement. Here, the lip-shape parameters for each Viseme are defined by a momentum vector derived
from a neutral face at lattice points on a wire-frame. Therefore, this database does not need speaker adaptation.

In the final step of a image-translation part, the translated
synthetic mouth region’s 3-D model is embedded into input
images. In this step, the 3-D model’s color and scale are
adjusted to the input images. Even if an input image sequence
is moving during an utterance, we can acquire natural
synthetic images because tracking result is accurate and a 3-D
face model has personal geometry information. Consequently,
the system outputs a lip-synchronized face image to the
translated synthetic speech at 30 frames/sec. Fig.7 shows an

example of translated image frame shot. Figure 7 Original and Translated Image

5 Interactive Movie System

When people watch movies, they sometimes overlap their own figure with the actor’s image. An interactive
movie system we constructed is an image creating system in which the user can control facial expression and lip
motion of his or her face image inserted into a movie scene. The user submits a voice sample by microphone and
pushes keys that determine expression and special effect. His or her own video program can be generated in real-
time.

At first, once a frontal face image of a visitor is captured by camera, a 3-D generic wireframe model is fitted onto
the user’s face image to generate a personal 3-D surface model. A facial expression is synthesized by controlling the



grid point of the face model and texture mapping. For speaker adaptation, the visitor has to speak five vowels to
choose an optimum weight from the database.

In the interactive process, a famous movie scene is going on and the facial region of an actor or actress is
replaced with visitor’s face. Facial expression and lip shape are also controlled synchronously by the captured voice.
Figure 11 shows the result of face model fitting into original movie scene. Figure 12 shows an user’s face inserted
into actor’s face after color correction. Any expression can be appended and any scenario can be given by the user
independent of the original story in this interactive movie system.

Figure 9 Fitted Model Figure 10 Replaced Face

6 Skeleton Capturing System

Today, ordinary motion capture (mocap) products do not have the ability to measure the actual posture of an
underlying skeleton. They only measure moment-to-moment displacements from the movements of markers
attached to the skin surface or clothing. Each joint angle is calculated from these displacements based on simplified
bone structure. In a typical post-processing of commercial mocap products, a user has to determine the
correspondence between skeleton structure and marker position at an arbitrary initial posture.

A more anatomically correct way to determine skeletal posture is based on certain types of knowledge such as
the relative locations of surface landmarks and the hip joint’s center location. In the field of biomechanics, various
estimation methods [4] were introduced based on the geometric relation of the bone and a landmark on the
anatomical skin’s surface. However, this landmark can only be observed by skilled professionals. The method is
based on statistical analysis and depends on various factors such as race, age and gender. Furthermore, each
individual is not necessarily different from the statistical results if the estimation method is employed and individual
characteristics are completely ignored. In addition, an estimation method for Europeans is obviously not suitable for
Asians. ,

As described above, the absolute posture of a skeleton cannot be determined through an ordinary mocap
process. Such stringent determination is not so important in the entertainment industries because acceptable motions
need not be scientifically realistic. On the other hand, capturing traditional motion like classical ballet requires
highly detailed and precise posture for educational and archiving purposes.

Figure 11
MR images of Markers on the shoulder

Human motion of ballet dance is our primary target. Ballet dance includes extreme postures like keeping a foot
tip higher than eye height [5]. That is why we chose ballet dance as a primary target motion. Highly reflective ball-



like markers are attached to the dancer’s skin surface. These markers are filled with oil for the reason described
below.

We have to observe the interior of a human body and markers on the surface at the same time. Computer

tomography (CT) seems an appropriate solution for such a requirement. It has the capability to acquire images of the
whole body all at once. However, a CT scanner works with X-ray, which can cause serious health problems.
Therefore, magnetic resonance imaging (MRI) might be considered as an alternative. To use MRI, we focus on
small volumes such as the shoulder or hip joint so that the scan area is strictly limited compared to CT. Mocap
markers are specially designed for this purpose. Oil inside a marker can be easily identified in a MRI image as
shown in Figure 11.
Once MRI data sets of the target dancer are acquired, bone segments are then semi-automatically extracted. At
specific bone segments with a few markers, the centroid of each marker is located by hand and represented relative
to local coordinates on the attached bone segment. Describing a bone-to-marker transformation is most essential. We
then perform a mocap operation on ballet dancing. After that, each marker is labeled, and its position is recovered in
three-dimensional space by the conventional method. The 3D positions of markers and the bone-to-marker mapping
description help to locate bones. Figure 12 illustrates recovered skeletal posture from a capture session of ballet.

Figure 12
Recovered Skeleton

7  Estimation of Forearm Motion

Our goal is to describe or model the correspondences between actual skeletal postures and mocap markers
attached to the skin surface, A mocap system can be used to generate an accurate posture for a specific joint of a
human body.

Commercial mocap systems use the coordinates of mocap markers to clearly indicate the skeletal posture of a
subject. In fact, the relative coordinates between mocap markers and skeletal structures are not perfectly fixed, so
they are slightly articulated in general.

Ordinary mocap systems usually map marker data to a simple skeletal structure, which is far from accurate
anatomically and individually. The ordinary mocap process does not consider skin artifacts, such as the skidding
effect between the skin (a marker) and a bone. You will never get anatomically and individually correct skeletal
postures, since mocap systems can only look at the surface of the subject.

Figure 13
Markers on the arm(left) and MR image(right)

First, we need to extract the bones by observing the internal structure of a subject’s body. A forearm has two
stick-like bones, called long bones, and a slice MR image of them shows different features in the middle of the bone,
a diaphysis, and on each end, epiphysises. An epiphysis holds much more water than other bony parts. This means



that a simple thresholding technique is sufficient for extraction. A diaphysis includes soft coarse tissues (bone
marrow) which fill the central core, and a hard dense tissue (compact bone) which wraps the core. A core of
diaphysis appears as a clear circle region on a single slice of an MR image. Otherwise, a part of the compact bone
does not show sharply and is hard to distinguish(Fig.14). The center of the diaphysis core is located, then the edge
that has almost the same distance from the center is detected. Then, the edges of the slices are combined and
transformed into a 3D geometric representation(Fig.15).

Once the 3D bone geometries of the forearm are ready, you can visualize the geometric relation between the bones
and the mocap markers, which are also extracted from MR images. We chose the poses under several conditions,
such as bending or stretching the elbow joint with supination and pronation (outer and inner rotation of the elbow
joint). The subject had to stay still for each specific pose during the MRI scan. Figure 16 reconfirms that there is
some kind of tight constraint between the mocap markers and the bones, but the constraint does not seem to be a
non-rigid type. Based on the observation results, we were able to make an approximate mapping model that
describes the relative position between the mocap markers and bones in local space coordinates that are fixed to the
bones. Only the mocap data (marker positions) of arbitrary joint movements on an elbow are needed to estimate an
internal bone state if the mapping model has already been derived from the same subject.
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: Figure 16 Mocap Markers
Figure 14 Extracting Bone Shape and Forearm Bones
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Figure 15
JTmmn Extracted Skeleton and Reference

8 Conclusion

In a face capturing part, a location and angle are accurately estimated in video sequence. And then video
translation system and interactive movie system can be realized as applications.

In a gesture capturing part, the proposed mocap process powered by medical imaging technology seems to be
helpful for examining the actual internal state of a skeletal structure. A sort of skidding skin artifact over the skeletal
structure can be observed that was not derived from a ordinary mocap process. We now want to study applying the
proposed method to other parts of a skeleton.
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1 Introduction

This paper describes a technique to create human-like talking head
speech animation with levels of naturalness and realism by map-
ping from speech information to facial movement sequences. Speech
animation techniques for human-like natural talking head systems
have traditionally included both key-framing methods [Cohen and
Massaro 1993 ]and physics-based methods[Waters 1987]. Recent
machine learning methods provide a new technique for speech ani-
mation systems [ Yamamoto 1998], allowing them to be trained from
recorded data and then used to synthesize new motion. Hidden
markov models (HMMs) are frequently used for these methods and
have demonstrated their effectiveness for speech animation. How-
ever, those methods lack producing high-quality, natural facial speech
animation. In particular key-framing and physics-based methods are
difficult to animate in precise synchronization with input audio sig-
nals (LipSync). Machine learning methods have an advantage over
LipSync because the training data have explicit phonetic informa-
tion and speech animation can be synthesized considering the sur-
rounding phoneme context. However, the training data for facial
movements is not high quality nor does it have precise values. It
follows that the creation of natural talking head animation has diffi-
culties in estimating the mapping from speech information to facial
movements using inaccurate training data.

This paper presents a novel speech animation method with triphone
based HMMs using a high-precision audio-visual corpus as the
HMMS’ training data. The audio-visual corpus is built by a 3D op-
tical motion capture system (VICON inc.) that captures over 100
3D measurement points on the face. The output is a series of facial
motion vectors, suitable for driving many different kinds of speech
animation applications with 3D human-like characters.

2 System Overview

Figure 1 schematically outlines the main steps of the talking head
generation system from input specch signals. The system synthe-
sizes facial speech animation that is synchronized with the input
audio speech signals, and outputs precise LipSync animation. Step
(1) is a collection of motion capture data (facial motion vectors) and
an audio signal synchronous corpus. Step (2) parameterizes input
audio speech signals to phonemes with their durations automati-
cally using Viterbi alignments. Step (3) maps the input audio pa-
rameters to the facial motion vectors based on the audio HMMs.
Finally, step (4) creates 3D character speech animation from the
facial motion vectors.

3 Corpus Collection

The facial motion vectors and speech are recorded by the Vicon
MX System. The number of motion vectors is 111 3D positions
(333 vectors) that are recorded at 120 Hz along with the simulta-
neous recording of speech at 16 kHz. Since the influence of head
motion on the face surface points is large, we propose a method that
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#**email: satoshi.nakamura@atrjp

applies an affine transformation to compute a singular-value de-
composition from eight corrective points and, only for facial move-
ments, apply an affine matrix to non-corrective points. Speech data
is segmented to phonemes with their duration using Viterbi align-
ments. In addition, their phonemes (43 phonemes) are converted
into visemes (9 visemes) to reduce the number of phoneme classes.

4 HMM-Based Speech Animation

The HMM-based method used in this paper is based on the map-
ping of input audio parameters to facial motion vectors through au-
dio triphone-based HMM states. The triphone model has advan-
tages compared to a monophone model because the face configura-
tions of those phonemes depend on the preceding and succeeding
phonemes. All training data for this method can be analyzed into
synchronous audio and facial motion parameter sequences. As the
audio parameter sequences can be converted to HMM state se-
quences, the synchronous facial parameter sequences can be seg-
mented per HMM state. Motion vectors estimated by HMM:s are
mapped to the measurement positions of motion capture data. We
have proposed a speech animation method of mapping from motion
vectors to 3D characters’ face. This method be applied to optimum
motion vectors to facial object nodes.

5 Summary

Facial animation using the proposed talking heads was created from
input speech signals, as shown in the video demonstration. We have
confirmed facial animations of various facial objects.
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1 Introduction

Creation of Speaking animation for CG characters needs to syn-
chronously control various factors, such as lips, facial expression,
head-movement, gestures, and so on. Lip movement helps a lis-
tener to understand speech. In addition, facial expression, head
movement, and gestures help to make emotions understandable.
There have been many studies that focused on automatic lip ani-
mation [Ezzat et al. 2002; Brand 1999]. However, in these studies,
facial expression and gesture were realized heuristically or using di-
rectly motion-captured data. There have been no studies that tried
to automatically control head movement for emotional speech. In
this paper, an automatic head-movement control method for emo-
tional speech is proposed.

2  Automatic Head-Movement Control

Automatic head-movement control for speech needs a function to
convert from speech to head-movement. We tried to derive this con-
version function using actual motion-captured data with emotional
speech. This paper presents a Speech-To-Head conversion method
using a neural network (NN). The NN we used with a 3-layer feed-
forward NN based on a least square error minimization between
speech features and head movement parameters. .

In addition, the emotional factor should be controilable on user de-
mand. Thus, a user defined emotional factor was added to the input
features of the NN to customize emotional expression.

For the input features of the NN, we used fundamental frequency
(Fp), power, normalized duration of utterance (ND), and emotional
factor. ND is timing information that is normalized by an utterance.
ND = 0 means the beginning of an utterance or non-speech region,
and ND = 1 means the end of an utterance. The Fg, power, and ND
used include from the current frame to the past 10 frames. Namely,
the dimension of the input features is 34. The output features of the
NN used 3 angles of head rotation that are collected by a motion
capture system.
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3 Data Collection

We collect emotional motion and speech data to achieve automatic
head movement control. In this paper, we focus on anger as our
target emotion. We collected 3 emotion data: natural, anger, and
rage. Fach emotion data was heuristically assigned an emotional
factor of 0.0, 0.5, and 1.0 respectively.

Motion data was collected using a VICON motion capture system
with 181 markers. Then six head movement parameters were cal-
culated: three rotation and three translation. Speech data was col-
lected using a DV camera synchronous to the motion capture sys-
tem.

4 Implementation
We implemented the talking head with head movement in a

Galatea [Kawamoto et al. 2002]. The talking head achieved lip
synchronization with recorded English speech. Head movement
parameters were generated by speech features using trained NN au-
tomatically. In addition, a heuristic low-pass filter was applied to
the NN outputs for a smoother head movements. We used an an-
gry face for facial expression, whose intensity corresponds to an
emotional factor.

The processing flow of the head movement control for the talking
head is shown in Figure 1.

5 Summary
Head movements could be automatically generated from speech

data. The expression of head movement could be also controlled
by user-defined emotional factors, as shown in the video demon-
stration.
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1 Introduction

In this paper, we propose a new synthesis method for facial ex-
pression movie. The facial expression synthesis method has been
proposed in many researchers. In previous research, [Ekman and
Friesen, 1977] have proposed Facial Action Coding System (FACS)
and anatomically categorized the facial expressions as 44 basic
action units (AUs). Facial expression is generated by linear combi-
nation of AUs. However, AUs are psychological approach and are
not quantified engineered. Also, [Blanz and Vetter, 19991 have pro-
posed reconstruction and facial animation method from still image
to 3-D face model using Principal Component Analysis (PCA).

In this research, we firstly capture movement during facial expres-
sion, and quantify captured movement engineered . Secondly, we
implement PCA on all the measured facial expressions. As a result,
we obtained Eigen Face Vectors (EFVs) as an expression change
parameter. Moreover, we align the PCA coefficient corresponding
EFVs of each frame as a vector, and arrange 63 facial expressions as
a matrix. For this matrix, we perform PCA again (we called second
stage PCA). As a result of second stage PCA, we estimate param-
eters that correspond to EFV’s coefficients (called Eigen Motion
Vectors(EMVs) ). Finally, facial expressions are created by linear
combination of EFVs and EMVs. The advantage of proposed
method is able to generate various facial expression animations
using engineered quantified action units with motion.

2 Facial Motion Capture

In order to capture transition of skin surface, we used Motion
Capture System (Vicon Co, Ltd) with high quality temporal reso-
lution. Subject is male and an expert in AU representation. We put
146 motion capture markers on subject’s face (marker size = 3 mm
), especially appeared wrinkle during facial expression. In captur-
ing process, we capture 11 single AUs and 52 combinations of AUs
using 8 motion capture cameras (120fps) . Figure 1 shows the
placement of motion capture markers on subject’s face.

3 Expression synthesis

The facial expression synthesis is generated by allocating the move-
ment of each motion capture marker to vertex of 3-D generic wire
frame model. The wire frame model is fitted to subject’s frontal
image. Number of wire frame vertices (759) is not equal to number
of motion capture markers (146). Therefore, it is difficult to allo-
cate the movement of the marker to the vertices. In order 1o solve
this problem, we use Radial Basis Functions Transformation
(RBFT) as an interpolation method for not correspondence of the
marker to the vertex.
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4 Eigen Action Units

In order to obtain eigenvectors that include motion element (we
called Eigen Action Units(EAUs)), we implement PCA for tempo-
ral transition of skin surface. Firstly PCA is implemented on all
data in the facial expression database. In the result, the movements
between each AU is orthogonalized and compressed dimension of
parameter. so, we defined Eigen Face Vector s(EFVs).Secondly, we
align PCA coefficients corresponding each frame in the facial ex-
pression as a vector, and implement PCA again for arranged the
matrix. As a result of second stage PCA, we decide the coefficients
of EFVs by using linear combination of EMVs. We can generate
any quantified AU expression movie by combination of EAUs.
Figure 2 shows EAUI.

5 Resulls

In this research, we measured temporal transition on skin surface
during AUs using the motion capture system, and engineered
quantify AUs. Moreover, we proposed synthesis method for
generating facial expression animations by combination of Eigen
Action Units. In future works, we have to consider to an individual
dependency in the EAUs. It’s necessary to consider generalization
of EAU and controlling speed of facial expression change.
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1 Introduction

In recent years, 3D computer graphic techniques are used for virtual
human and cartoon characters in the entertainment industry. Their
facial expressions and mouth movements are natural and smooth.
However, these successful results require a tremendous amount of
time and effort on the part of accomptished CG creators. In fact, the
technique of producing facial expressions for a face mesh object
typically calls for preparing all of the transformed objects after
changing expressions, Then, using blend shape (another way of say-
ing “morphing”) deformers, we can change the neutral face object
into the transformed objects.

To solve these problems, we propose a technique to create deformed
models of the expressions from any user-created face object in a
short period of time (Figure 1). First, we create "Facial Motion
Distribution Chart” (FMD Chart) which describes the 3D displace-
ment difference of mesh nodes of the face object between an neutral
object and a deformed objects. In order to deform a object from the
user object using the FMD Chart, we modified the chart smoothly
using Radial Basis Function Translation (RBFT). The user who
created the face object can thereby create deformed objects with
expressions automatically. In other words, the user face object can
attain the necessary deformed expressions by preparing various charts
of expressions that include realistic, carioon like and personalized
facial expressions. This technique is similar to expression cloning
[Noh and Neumann 2001} using RBFT. However we improve accu-
racy and usability of cloning the face object. For example, we em-
ploy FMD-chart of the image-space field (similar to u-v texture-
space), which can exactly maich the target mesh to separate the
upper and lower lips.

This paper describes the definition of FMD Chart, the method for
creating the chart, and fitting the user face object and the deformed
object. We also demonstrate the results of a re-synthesized user
object with facial expression.

2 Facial Motion Distribution Chart

This chart consists of grid structures (pixels), and each pixel stores
a 3D displacement. The method for generating a chart from previ-
ously defined user face objects with expressions is as follows: First,
we fit the frontal face mesh object and an FMD chart that doesn’t
have any displacements. Next, we determine which pixels of the
chart are inside the meshes of the face. When there is a pixel inside
a mesh, the 3D displacement is calculated by interpolating each
node of mesh that has a corresponding displacement and store it in
the pixel. The figure 2 shows an image that is colored in response to
the displacements.

3 Fitting FMD Chart and User Face Object

The number of meshes and the structure of the shape are different
between the source models used fore the FMD-chart and the user
face model. Therefore we have to translate the chart to fit the user
face object using RBFT. The anchor points are put on the previ-

* email: tatsuo.yotsukura@atr.jp, **email: shigeo@waseda.jp
email: satoshi.nakamura@atr.jp

ously defined frontal user-created face objects and the frontal user
face object around the eyes, eyebrows, nose, mouth and outline of
the face manually. The total number of the points is about 100, but
it takes less than 10 minutes using an easy rule-based operation
tool. The pair of anchor points is used to determine the warping of
the FMD Chart using RBFT. Figure 2 shows the dedicated FMD
chart for the user face object.

4 Results

The user-created face object with expressions is created to apply
the dedicated FMD Chart, as shown in video demonstraion. These
objects have a different number of polygons and shape topologies.
But the user face object with expression copies the FMD Chart’s
displacement correctly.
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For Duplication Expression and Impression

Shigeo Movishima

ecently, research in creating friendly human

interfaces has flourished. Such interfaces

provide smooth communication between a

computer and a human. One style is to have a
virtual human, or avatar [3], [4] appear on the computer
terminal. Such an entity should be able to understand and
express not only linguistic information but also nonverbal
information. This is similar to human-to-human commu-
nication with a face-to-face style [5].

A very important factor in making an avatar look realis-
tic or alive depends on how precisely an avatar can dupli-
cate a real human facial expression and impression on a
face precisely. Especially in the case of communication ap-
plications using avatars, real-time processing with low de-
lay is essential.

Our final goal is to generate a virtual space close to the
real communication environment between network users
or between humans and machines. There should be an av-
atar in cyberspace that projects the features of each user
with a realistic texture-mapped face to generate facial ex-
pression and action controlled by a multimodal input sig-
nal. Users can also get a view in cyberspace through the
avatar’s eyes, so they can communicate with each other by
gaze crossing.

IEEE SIGNAL PROCESSING MAGAZINE

In the first section, the face fitting tool from multiview
camera images is introduced to make a realistic three-di-
mensional (3-D) face model with texture and geometry
very close to the original. This fitting tool is a GUI-based
system using easy mouse operation to pick up each feature
point on a face contour and the face parts, which can en-
able easy construction of a 3-D personal face model.

When an avatar is speaking, the voice signal is essential
in determining the mouth shape feature. Therefore, a
real-time mouth shape control mechanism is proposed by
using a neural network to convert speech parameters to lip
shape parameters. This neural network can realize an in-
terpolation between specific mouth shapes given as learn-
ing data [1], [2]. The emotional factor can sometimes be
captured by speech parameters. This media conversion
mechanism is described in the second section.

For dynamic modeling of facial expression, a muscle
structure constraint is introduced for making a facial ex-
pression naturally with few parameters. We also tried to
obtain muscle parameters automatically from a local mo-
tion vector on the face calculated by the optical flow in a
video sequence. Accordingly, 3-D facial expression transi-
tion is duplicated from actual people by analysis of video
images captured by a two-dimensional (2-D) camera
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without markers on the face. These efforts are described
in the third section. Furthermore, we tried to control this
artificial muscle directly by EMG signal processing.

To get greater reality for the head, a modeling method
of hair is introduced, and the dynamics of hair in a wind
stream can be achieved at low calculation cost. This is ex-
plained in the last section. By using these various kinds of
multimodal signal sources, a very natural face image and
impression can be duplicated on an avatar’s face.

Face Modeling

To generate a realistic avatar’s face, a generic face model is
manually adjusted to the user’s face image. To produce a
personal 3-D face model, both the user’s frontal face im-
age and profile image are necessary at the least. The ge-
neric face model has all of the control rules for facial
expressions defined by the facial action coding system
(FACS) parameter as a 3-D movement of grid points to
modify geometry.

Figure 1 shows a personal model fitted to a front image
and profile image using our original GUI-based face fitting
tool. In this system, corresponding control points are man-
ually moved to a reasonable position by mouse operation.

The synthesized face emerges by mapping of the
blended texture generated by the user’s frontal image and
profile image onto the modified personal face model.
However, sometimes self-occlusion occurs and then we
cannot capture texture from only the front and profile
face images in the occluded part of the face model. To
construct a 3-D model more accurately, we also introduce
a multiview face image fitting tool.

Figure 2(b) shows the fitting result to the captured im-
age from the bottom angle to compensate for the texture
behind the jaw. The rotation angle of the face model can
be controlled in the GUI preview window to achieve the
best fitting to the face image captured from any arbitrary
angle. Figure 3 shows the full face texture projected onto
a cylindrical coordinate. This texture is projected onto a
3-D personal model adjusted to fit to multiview images to
synthesize a face image. Figure 4 shows examples of re-
constructed faces. Figure 4(a) uses nine view images and
(b) uses only frontal and profile views. Much better image
quality can be achieved by the multiview fitting process.

Voice Driven Talking Avatar

The relation between speech and mouth shape is studied
widely [1], [6], [7], [9]. To realize lip synchronization, the
spoken voice is analyzed and converted into mouth shape
parameters by a neural network on a frame-by-frame basis.
Multiuser communication systems in cyberspace are
constructed based on a server-client system. In our sys-
tem, only a few parameters and the voice signal are trans-
mitted through the network. The avatar’s face is synthe-
sized by these parameters locally in the client system.
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A 2. fitting front and profile model. (a) From bottom, (b) from di-
agonal.

4 3. Cylindrical face texture.

(@) (b)

A 4. Reconsructed face. (o) Multiview, (b) two view.
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A 5. Network for parameter conversion.

G Upperlip-cutery .

: Upperlip- QuterZ

AUL5 : UpperLip - Inner Adjust. [
MUIG : LowerLip - Outer Adjust [
|17 - Lower U - merAdjust_|

A 6. Control panel for mouth shape editor.

Parameter Conversion

In the server system, the voice from each client is phoneti-
cally analyzed and converted to mouth shape and expres-
sion parameters.

LPC Cepstrum parameters are converted into mouth
shape parameters by a neural network trained by vowel
features. Figure 5 shows the neural network structure
used for parameter conversion. Twenty dimensional
Cepstrum parameters are calculated every 32 ms with 32
ms frame length and given into input units of neural net-
work. The output layer has 17 units corresponding to the
mouth shape parameters.

In the client system, the on-line captured voice of each
user is digitized to 16 kHz and 16 bits and transmitted to
the server system frame-by-frame through a network in
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A 7. Typical mouth shapes. (a) Shape for /a/, (b) shape for /i/,
(¢) shape for /u/, (d) shape for /o/.

the communication system. Then the mouth shape of
cach avatar in cyberspace is synthesized by this mouth
shape parameter received at each client.

The training data for back-propagation are composed
of data pairs with voice and mouth shape for vowels,
nasals, and transient phoneme caprured from video se-
quence.

Hidden Markov model-based mouth shape estima-
tion from voice is proposed [9]. However, their system
cannot realize no-delay real-time processing.

The emotion condition is also determined by LPC
Cepstrum, power, pitch frequency, and utterance speed
by using discriminant analysis into anger, happiness, or
sadness. Each basic emotion has a specific facial expres-
sion parameter described by FACS [8].

Mouth Shape Editor

Mouth shape can be easily edited by our mouth shape edi-
tor (see Fig. 6). We can change each mouth parameter to
set a specific mouth shape on the preview window. Typi-
cal vowel mouth shapes are shown in Fig. 7. Our special
mouth model has polygons for inside the mouth and the
teeth. A tongue model is now under construction. For pa-
rameter conversion from LPC Cepstrum to mouth shape,
only the mouth shapes for five vowels and nasals are de-
fined as the training set. We have defined all of the mouth
shapes for Japanese phonemes and English phonemes by
using this mouth shape editor. Figure 8 shows a synthe-
sized avatar face speaking phoneme /a/.

Multiple User Communication System

Bach user can walk through and fly through cyberspace
by mouse control, and the current locations of all users are
always monitored by the server system. The avatar image
Is generated in a local client machine by the location infor-
mation from the server system. The emotion condition
can always be determined by voice, but sometimes a user
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gives his or her avatar a specific emotion condition by
pushing a function key. This process works as first prior-
ity. For example, push anger and the angry face of your
avatar emerges.

The location information of each avatar, mouth shape
parameters, and emotion parameters are transmitted ev-
ery 1/30 seconds to the client systems. The distance be-
tween any two users is calculated by the avatar location
information, and the voice from every user except himself
or herself is mixed and amplified with gain according to
the distance. Therefore, the voice from the nearest avatar
is very loud and that from far away is silent. ‘

Based on facial expression parameters and mouth
shape parameters, an avatar’s face is synthesized
frame-by-frame. Also, the avatar’s body is located in
cyberspace according to the location information. There
are two modes for display: the view from avatar’s own
eyes for eye contact and the view from the sky to search
for other users in cyberspace. These views can be chosen
by a menu in the window. Figure 9 shows a communica-
tion system in cyberspace with an avatar.

User Adaptation
When a new user enters the system, his or her face model
and voice model have to be registered before operation.
In the case of voice, ideally new learning for the neural
network should be performed. However, it takes a very
long time to get convergence of back propagation. To
simplify the face model construction and voice learning, a
GUI tool for speaker adaptation has been prepared. To
register the face of a new user, a generic 3-D face model is
modified to fit on the input face image. Expression con-
trol rules are defined in the generic model, so every user’s
face can be equally modified to generate basic expressions
using the FACS-based expression control mechanism.
For voice adaptation, 75 persons voice data including
five vowels are precaptured, and a database for weights of
the neural nerwork and voice parameters is constructed.
Accordingly, speaker adaptation is performed by choos-
ing the optimum weight from the database. Training of
the neural network for the data of each of the every 75
persons is already finished before operation. When a new
nonregistered speaker comes in, he or she has ro speak
five vowels into a microphone. LPC Cepstrum is calcu-
lated for each of the five vowels, and this is entered into
the neural network. Then the mouth shape is calculated
by the selected weight, and the error between the true
mouth shape and the generated mouth shape is evaluated.
This process is applied to the entire database one-by-one
and the optimum weight is selected when the minimum
error is detected.

System Features

A natural communication environment between multiple
users in cyberspace by transmission of natural voice and
real-time synthesis of an avatar’s facial expression is real-
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ized. The current system works with three users in an
ntranetwork environment at the speed of 16 frames/s on
an SGI Max IMPACT. An emotion model [12] 15 intro-

4 0. Original video clip.
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A 12. Reconstructed face by another face.
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A 13 Layered tissue element.
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duced to improve the communication environment,

Gaze tracking and mouth closing point detection can also
be realized by a pan-tilt-zoom controlled camera.

Entertainment Application

When people watch movies, they sometimes overlap their
own figure with the actor’s image. An interactive movie
system we constructed is an image creating system in
which the user can control the facial expression and lip
motion of his or her face image inserted into a movie
scene. The user submits a voice sample by microphone
and pushes keys that determine expression and special ef-
fect. His or her own video program can be generated in
real time.

At first, once a frontal face image of a visitor is cap-
tured by camera, a 3-D generic wireframe model is fitted
onto the user’s face image to generate a personal 3-D sur-
face model. A facial expression is synthesized by control-
ling the grid point of the face model and texture mapping.
For speaker adaptation, the visitor has to speak five vow-
els to choose an optimum weight from the database.

In the interactive process, a famous movie scene is go-
ing onand the facial region of an actor or actress i replaced
with the visitor’s face, Facial expression and lip shape are
also controlled synchronously by the captured voice. An
active camera tracks the visitor’s face, and the facial expres-
sion is controlled by a CV-based face mage analysis. Fig-
ure 10 shows the original video clip, and Fig. 11 shows the
result of fitting a face model into this scene. Figure 12
shows a user’s face inserted into actor’s face after color cor-
rection. Any expression can be appended, and any scenario
can be given by the user independent of the original story
in this interactive movie system.

Muscle Constraint Face Model

Muscle-based face image synthesis is one of the most real-
istic approaches to the realization of a lifelike agent in
computers. A facial muscle mode] js composed of facial
tissue elements and simulated muscles. In this model,
forces are calculared to cffect a facial tissue element by
contraction of each muscle string, so the combination of
each muscle’s contracting force decides a specific facial ex-
pression. This muscle parameter is determined on a
trial-and-error basjs by comparing a sample photograph
and a generated image using our muscle editor to gener-
ate a specific face image. In this section, we propose the
strategy of automatic estimation of facia muscle parame-
ters from 2-D optical flow by using a neural network,
This corresponds to the 3-D facial motion capruring from
2-D camera images under a physics-based condition
without markers.

We introduce 2 multilayered back-propagation net-
work for the estimation of the muscle parameter. A neural
networlk is used to classify 3-D objects from a 2-D view
[15], recognize expressions [17], and model facial emo.
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tion condition [12], and a self-organizing mechanism is
well studied [16].

The facial expression is then resynthesized from the es-
timated muscle parameter to evaluate how well the im-
pression of an original expression can be recovered. We
also tried to generate animation by using the captured
data from an image sequence. As a result, we can obtain
and synthesize an image sequence that gives an impres-
sion very close to the original video.

Layered Dynamic Tissue Model

The human skull is covered by a deformable tissue that
has five distinct layers. In accordance with the structure of
real skin, we employ a synthetic tissue model constructed
from the elements illustrated in Fig. 13, consisting of
nodes interconnected by deformable springs (the lines in
the figure). The facial tissue model is implemented as a
collection of node and spring data structures. The node
data structure includes variables to represent the nodal
mass, position, velocity, acceleration, and net force. New-
ton’s laws of motion govern the response of the tissue
model to force [13].

Facial Muscle Model
Figure 14 shows our simulated muscles. The black line in-

dicates the location of each facial muscle in a layered tissue 4 74. Facial muscle model,
face model. Normally, muscles are located between a
bone node and a fascia node. But the orbicularis oculi has
an irregular style, whereby it is attached between fascia
nodes in a ring configuration; it has eight linear muscles
that approximate a ring muscle. Contraction of the ring
muscle makes the eyes thin. The muscles around the
mouth are very important for the production of speaking
scenes. Most Japanese speaking scenes are composed of
vowels, so we mainly focused on the production of vowel
mouth shapes as a first step and relocated the muscles
around the mouth [14]. As a result, the final facial muscle
model has 14 muscle springs in the forehead area and 27
muscle springs in the mouth area.

A 15, Motion feature vector on face. (a) Optical flow, (b) feature
window.
Motion Capture on Face

Face tracking [10] and face expression rec-
ognition [11] based on optical flow have al-
ready been proposed. Their purpose is to

Muscle Parameter

find a similar cartoon face by some match- ]
ing processes; however optical flow is very
sensitive to noise. Our goal is to estimate
precisely the muscle parameters and

resynthesize a texture-mapped face expres-
sion using muscle model with the original
impression. A personal face model is con-
structed by fitting the generic control model
to personal range data. An optical flow vec-
tor is calculated in a video sequence, and we
accumulate the motion in the sequence from
neutral to each expression. Then motion 4 16, Conversion from motion fo animation.

3-D Animation

2-D Optical Flow
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vectors are averaged in each window as shown in Fig.
15(b). This window location is determined automatically
in each video frame. Our system is not limired to recog-
nize only six basic expressions (177, [18].

A layered neural network finds a mapping from the
motion vector to the muscle parameter. A four-layer
structure is chosen to model cffectively the nonlinear per-
formance. The first layer is the input layer, which corre-
sponds to a 2-D motion vector. The second and third
layers are hidden layers. Units of the second layer have a
linear function, and those of the third layer have a sig-
moid function. The fourth layer is the output layer, corre-
sponding to the muscle parameter, and it has linear units.
Linear functions in the input and output layers are intro-
duced to maintain the range of input and outpur values.

A simpler neural network structure can help to speed
up the convergence process in learning and reduce the cal-
culation cost in parameter mapping, so the face area is di-
vided into three sub-areas as shown in Fig. 16. They are
the mouth area, left-eye area, and right-eye area, cach giv-
ing independent skin motion. Three independent neural
networks are prepared for these three areas.

Learning patterns are composed of basic expressions
and the combination of their muscle contraction forces,

Amotion vector is given to a neural network from each
video frame, and then a facial animation is generated from
the output muscle parameter sequence. This is a test of
the effect of interpolation on our parameter conversion
method based on the generalization of the neural net-
work.

Figure 17 shows the result of expression regeneration
for surprise from an original video sequence.

Muscle Control by EMG

EMG data s the voltage wave captured by a needle inserted
directly into each muscle so that the feature of wave ex-
presses the contraction situation of a muscle, In particular,
seven di-ball wires were inserted into the muscles around
the mouth to make a model of mouth shape control.

The conversion from EMG data to muscle parameters
is as follows. First, the average power of an EMG wave is
calculated every 1/30 seconds. Sampling frequency of
EMG is 2.5 kHz. The maximum power is equal to the
maximum muscle contraction strength by normalization.
Then the converted contraction strength of each muscle is
givenevery 1/30 seconds and the facial animation scene is
generated. However, the jaw is controlled directly by the
marker position located on the subject’s jaw independent
of EMG data.

EMG data is captured from a subject speaking five
vowels. Seven kinds of waves can be captured and seven
contractions of muscles are determined. Then the face
model is modified and the mouth shape for each vowel is
synthesized. The result is shown in Fig. 18.In Fig. 18, the
camera captured image and synthesized image can be
compared, and the impression is very close to each other.
Next, EMG time sequence is converted into muscle pa-
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rameters every 1/30 seconds, and facial animation is gen-
erated. Each sample is composed of a three-second
sentence. Good animation quality for speaking the sen-
tence is achieved by picking up impulses from the EMG
signal and activating each appropriate muscle. This data
offer the precise transition feature of each muscle con-
traction.

Dynamic Hair Modeling

The naturalness of hair is a very important factor in a vi-
sual impression, but it is treated with a very simple model
or as a texture. Because real hair has huge pieces and com-
plex features, it’s one of the hardest targets to model by
computer graphics {19], [20]. In this section, a new hair
modeling system is presented [21]. This system helps the
designer to create any arbitrary hair style by computer
graphics with easy operation by using an editor of tufts.
Each piece of hair has an independent model, and dy-
namic motion can be simulated easily by solving a motion
equation. However, each piece has only a few segments
and the feature is modeled by a 3-D B-spline curve, so the
calculation cost is not so huge.

Modeling Hair

It is necessary to create a model of each piece of hair to
generate a natural dynamic motion when wind is flowing.
However, the hair feature is very complex, and a real head
has more than 100,000 pieces. Therefore, a polygon
model for hair needs a huge amount of memory for the
entire head to be stored. In this article, each piece has only
a few segments to control and is expressed with a 3-D
B-spline curve.

Tuft Model

In our designing system, a head is composed of about
3,400 polygons, and a 3-D B-spline curve comes out
from each polygon to create hair style. The hair genera-
tion area is composed of about 1,300 polygons, and one
specific hair feature is generated and copied for each poly-
gon. To manipulate hair to get a specific hairstyle, some
of the hair features are simultaneously treated as one tuft.
Each tuft is composed of more than seven squares in
which hair segments pass through. This square is the
gathering control point of the hair segments, so manipu-
lation of this square can realize any hairstyle by rotation,
shift, and modification. This tuft mode! is illustrated in
Fig. 19.

Hair Style Designing System

There are three processes to generate hair style by GUI,
and each process is easily operated by mouse control. The
first process is to decide the initial region on the head
from which the tuft comes out. The second process is to
manipulate a hair tuft by modifying the squares by rota-
tion, shift, and expansion. The third process is matching a
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A 2]. Example of hair style.

A 22. Copying real hair style.

tuft onto the surface of the head. After these processes,
each polygon gets one hair feature, and in total 1,300 fea-
tures are available. Finally, 20,000 to 30,000 pieces of
hair for static images, or 100,000 to 200,000 pieces for
animation, are generated by copying the feature in each
polygon. The GUI tool for hair designing is shown in
Fig. 20.

Rendering ,
Each hairpiece is modeled with a 3-D B-Spline curve and
also modeled as a very thin circular pipe. Therefore, the
surface normal can be determined in each pixel to intro-
duce the Lambert model and Phong model. The typical
hairstyle Dole Bob is shown in Fig. 21. Figure 22 shows
an example modeling of a real hairstyle. The i 1mpless10n
of the generated hair is very natural.

This hair piece is modeled by stick segment and can be
controlled dynamically by solving motion equation. Col-
lision detection between hair and head is also considered
to generate natural dynamic hair animation.

Conclusion

To generate a realistic avatar’s face for face-to-face com-
munication, a multimodal signal is introduced to dupli-
cate original facial expressions. Voice is used to realize lip
synchronization and expression control. Video captured
images are used to regenerate an original facial expression
under a facial muscle constraint. EMG data is used to con-
trol directly an artificial muscle. Finally, a hair modeling
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method is proposed to make an avatar appear more natu-
ral and believable.
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Abstract

The present study investigated the dynamic aspects of
facial movements in spontaneously elicited and posed
facial expressions of emotion. We recorded participants’
facial movements when they were shown a set of emotional
eliciting films, and when they posed typical facial
expressions. Those facial movements were recorded by a
high-speed camera of 250 frames per second. We
measured facial movements frame by frame in terms of
displacements of facial feature points. Such micro-
temporal analysis showed that, although it was very subtle,
there exits the characteristic onset asynchrony of each
part's movement. Furthermore, it was found the
commonality of each part's movement in temporal change
although the speed and the amount of each movement
varied along with expressional conditions and emotions.

1 Introduction

Movements of the face and body are important
components of nonverbal communication. Most of the
psychological literature on facial expression has relied on
observers' inferential judgments about what emotion is
shown in facial behavior, and many of those studies were
focused on still photographs of posed facial expressions. It
is much more time-consuming to measure facial behavior
itself with the Facial Action Coding System (FACS) or
other technique than to obtain inferences about emotion
from observers. Although it is extremely labor intensive to
measure facial behavior itself, it is much more interesting
and meaningful to study facial expressions that occur
unintentionally instead of still images of posed facial
expressions. .

A handful of recent studies have asked participants to
make judgments of facial expressions of morphed
photographs that feature linear facial movements [1]-[4].
These studies raised a number of interesting points, and
yet those stimuli were created under assumptions of linear

movements. Since actual human facial movements are
nonlinear, future studies need to utilize stimuli of linear
movements.

The purpose of this study was to investigate dynamic
aspects of facial movements between “posed” (intended)
facial expressions and “elicited” (unintended) emotional
responses. Participants’ facial movements were recorded
via a high-speed video camera (NAC, HSV-500c3, 250
frames per sec.), which allowed us to analyze facial
movements very closely in image sequences. These
movements cannot be seen with a regular video camera
(30 frames per sec.). We also simulated facial synthesis by
using results from an analysis. The animations that we
produced confirmed differences in the intensity of the
facial expressions.

2 Method

2.1 Participants

Twenty-four subjects (12 Japanese female, 12
Japanese male) were selected from a pool of eighty-four
candidates. Participants ranged in age from 20 to 30 years.

The study’s inclusion criteria was as follows: (a) be
born in Japan; (b) have both parents be Japanese; (c) be
between age 20 and 30 years; (d) have eyesight better than
at least 1.0 without glasses; and (e) have experience in
theater or modeling.

2.2 Apparatus

Figure.! illustrates the apparatus used in the study. To
provide a video recording of facial expressions, a high-
speed video camera (NAC, HSV-500¢3) was hidden
behind a 21-inch prompter. Images of the high-speed
video camera were recorded onto an S-VHS videocassette.
The recording speed was 250 frames per second, and a
shutter speed was 250/1 second. The camera faced the
participants to capture a frontal view of the face. These
images were shown on a 21-inch color television monitor,
which was located in the back of the room. All of the
equipment was placed behind a partition so that the



experimenter was hidden from view except when giving
instructions. Thus, the subject could not see the images
that the experimenters were videotaping.
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Figure 1. Apparatus

The film stimuli used in this study were adapted from
Gross & Levenson’s set of standardized emotional film
stimuli [5]. Nine out of twelve film clips were excerpted
from commercial films, and the rest were developed from
non-commercial sources, which were obtained from Gross
& Levenson. Each film clip previously had been validated
as an elicitor of a target emotional state [5][6]. These film
stimuli were originally produced in English; however,
Japanese subtitles were provided for participants in this
study. The order of presentation of these films was
systematically varied and edited so that the films’
embedded neutral film stimuli appeared between each
emotion film clip (Table.1).

Table 1. Film clip

Film item Target emotion [Clip length

1. Waves Contentment 00:59,
2. Beach Contentment 00:23,
3. Sea of Love Surprise 00:27,
4. The Champ Sadness 02:59
5. The Shining Fear 01:24
6. Pink Flamingos Disgust 00:38,
7. Silence of the Lambs __ |Fear 03:35
8. Cry Freedom Anger 02:37
9. Amputation Disgust 01:04
10. Capricorn One Surprise 00:57
11. When Harry Met Sally|Amusement 02:53
12, Bambi Sadness 03:22

Ekman & Friesen [7][8] developed the facial action
coding system (FACS), which is an objective method for
quantifying facial movements. FACS is an anatomically
based coding scheme that codes the facial muscular
movements in terms of 44 action units (AUs) or action unit
combinations (AU combinations).

Participants were instructed to perform the six basic
facial expressions of emotion (happiness, surprise, fear,
anger, sadness, and disgust) based on combinations of
AUs. Table.2 shows a list of Action Unit for creating a
posed expression for happiness.

Table.2 Combination of expression for “happiness”

AU No. AU name
AU12 Lip corner puller
AU16 Lower lip depressor
AU25 Lips part

2.3 Procedure

Experiments were conducted individually in an
experiment room at ATR Human Information Research
Laboratories. The experiment consisted of three sessions:
(1) a Training Session; (2) a Filin Session; and (3) a Posed
Expressions Session. The order of the sessions was not
counterbalanced in order to eliminate the possibility of an
initial Posed Expression Session biasing participants’
responses in the Film Session.

1) Training Session

The training session was conducted to accustom
participants to the experimental setting, to ease their
tension, and to relax their facial muscles prior to the film
session. The Training Session lasted between 45 and 60
minutes. The single AUs (e.g., AU 12, lip corner puller)
listed on the guide sheet were described and demonstrated,
and the image cues were reviewed and indicated on the
example images excerpted from Ekman & Friesen [8]{14].
The participants’ task was to produce the facial muscular
movements indicated in the image on the sheet. During
this session, participants were able to view their faces on
the 21-inch television monitor (inside a prompter) and a
hand mirror. The experimenters checked participants’
facial movements for accuracy, and provided feedback
when necessary.

2) Film Session

For the second session, the participants viewed Gross
& Levenson’s set of film stimuli, which elicits the
emotional states, on the 21-inch color television monitor
through the prompter at a distance of I m [5]. The
participants viewed this film alone in the experiment room.
The Film Session lasted for approximately 50 minutes.
The experimenters recorded the participants’ facial
expressions to the film stimuli. The participants were
given a lunch break at the end of the session.



3) Posed Expressions Session

For the third session, the procedures were the same as
those of the Training Session. First, the experimenters
reviewed the single AU listed on the guide sheet. The
participants’ task was to produce the facial muscular
movements indicated in the images on the sheet. The
participants were allowed to take as much time as they
needed to perform the task. After practicing single AUs
(e.g., AU 26, jaw drop), the experimenters instructed
participants to perform combinations of AUs (e.g., AU 1 +
2, brow raise) by emotion [8]. To eliminate possible
participant' bias to certain emotion terms, the
experimenters did not use emotion terms such as happy,
disgust, and surprise while giving instructions. The
participants were instructed to make a neutral face, then an
emotional expression involving a high-magnitude muscle
contraction, then to relax.

The participants were instructed to repeat this task
until the experimenters told them to stop. The participants
were given a short break when needed. This session lasted
for an average of 4 hours.

3 Results

For the present study, only images of disgust,
happiness, and surprise expressions via the high-speed
camera included in this study were analyzed.

Feature Point Tracking. The authors developed a
Graphical User Interface (GUI) tool, a feature point
tracking tool, to analyze the facial movements of emotion
in this study. The images were downloaded onto a
computer. Twenty-eight dots were manually plotted on the
face (4 dots for an outline of the eyebrows, 4 dots for an
outline of both eyes, 5 dots for an outline of the nose, 6
dots for an outline of the mouth, and | dot at the corner of
the jaw) in the initial image (Figure.2). Once the 28 dots
were plotted, the dots remained on the next frame. The
experimenter then manually moved the dots as facial
movements occurred. The authors selected these twenty-
eight dots because they were necessary to recreate the
movements of basic facial expressions and to design
computer graphics (CG) programs that aim to simulate
natural facial movements.

Figure 2. Feature points

We examined patterns of facial movements by
measuring the movements of the feature points. We
analyzed the feature points by facial region (i.e., eyebrows,
eyes, and mouth). We computed the mean ratings of each
region per emotion for all subjects (Table 3). Overall, our
results indicated that the mean ratings of the eye region
were higher than those of the eyebrows and mouth
regardless of the emotion category or experimental
conditions.

Table 3. Mean ratings of each region per emotion

Time
difference| 3rd

Time

Expression| Condition | st {difference| 2nd

Happiness |Elicited  leye 23.3mslbrow 26. Imsjmouth

Posed eye 9.2ms|brow 18.5ms|mouth
Surprise  |Elicited  jeye 5.6ms|mouth 6ms|brow

Posed eye 12.8ms/mouth 15.9ms|brow
Disgust  |Elicited  [brow 0.2ms|mouth 6.4msleye

Posed eye 11.6ms|mouth 4.2mslbrow

Next, we compared the total duration (the time from
neutral, the start of the expression, and to reach the peak of
intensity) between posed and elicited emotion conditions.
Our results demonstrate that the total duration was shorter
for the posed expressions for all emotions (Table 4). We
also found differences in the magnitude of the facial
movements between the posed and elicited emotion
conditions. The data showed that the magnitude of the
posed expressions was greater than that of the elicited
emotion across emotions. In addition, our data revealed
that the facial movements were nonlinear as a function of
time.

Table 4. Total duration between “Elicited” and
“Posed” expression

Expression | Elicited | Posed
Happiness 724ms|  556ms,
Surprise 228ms|  412ms
Disgust 836ms] 388ms

Furthermore, We analyzed the characteristic
displacement magnitude of the feature points. Figure.3 a)
b) show the result of an expression for “Happiness”. The
movement of an elicited expression is generally faster then
that of a posed expression. One characteristic is that the
mouth involves a large and quick movement. With the
“Posed” expression, these are hardly any different feature
points in terms of magnitude of the eyes and eyebrows. On
the other hand with the “Elicited” expression, the motion
of the eyebrows is larger than that of the eyes is
characterizing.
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Figure.3 c¢) d) graphs are about expression for
“surprise”. It had already been proven that the motion of
the “Elicited” expression is faster than that of the “Posed”
expression in this case.

Figure.3 e) f) graphs are about an expression of
“disgust”. The motion of the “Posed” expression is smaller
than that of the “Elicited” expression, and there is no
difference between facial parts.

All of these graphs prove that face morphing is not
linear. As a general tendency, the amount of change is
small when the face moves. Afterwards, the movement
becomes. And then, the amount of change decreases
before facial movement is finish.

4 Simulation of facial movement

From these results, the next step was to simulate a
facial movement. To generate a real synthetic face, a
generic face model was manually adjusted to a person’s
face image (Figure.d). These images show personal
models each before and after the fitting process for a front-
view image by using our original GUI based face-fitting
tool {9].

The front view was put into the system and then the
corresponding control points were manually moved to
reasonable positions by mouse operations. The fitting
process was finished by an expert in about five minutes.

a) Initial image b) Fitted image

Figure 4. Face-fitting tool

Expression control rules are defined in the generic
model, so every user’s face can be equally modified to
generate basic expressions using the FACS-based
expression control mechanism. Figure.5 show examples of
synthesized emotional faces for happiness and surprise.

b) Surprise

a) Happiness

Figure 5. Synthesized emotional face

Using the method to generate to real synthesized faces
and graphs of the average numbers of movements by facial
part, we created three facial animations for the expréssion
of “happiness” (Figure.6). Figure.6 a) is a linear animation
and b) is a non-linear animation of “Elicited” expression.
The animation used by our technique is more natural than
conventional generic animation.

Sms 10ms 15ms 20ms

a) Linear animation [30 fps]

Sms 10ms ' 15ms 20ms

b) Non-linear animation [30 fps]

k ‘Oms

Figure.6 Reconstructed face:
expression of “happiness”

5 Conclusion

Our study was designed to investigate dynamic
aspects of the facial movements of posed expressions and
elicited emotional expressions. To the best of our
knowledge, this study was the first that attempt to examine
facial movements using a high-speed camera, which
allowed us to measure very subtle movements of facial
expressions of emotion. Although the coding of the facial
movements was incredibly labor intensive, the findings
from this study provide some evidence for dynamic
aspects of the movements of facial expressions.

Nishio, Koyama, and Nakamura [10] examined
temporal differences in the facial movements of smiles,
and they classified smiles into three categories. The
findings of happiness are partially consistent with Nishio
et al.'s notion that the eyes move prior to the mouth in a
smile of unpleasantness.

Hager & Ekman [11] suggest that smiles are more
symmetrical when children respond to a joke than when
they smile deliberately. The results of happiness or smile
showed that facial movements are asymmetrical
particularly in the eye region.

The findings partially support the notion that posed
expressions are longer than spontaneous expressions.
However, not all results were consistent with the previous
literature [12][13].

One limitation of our findings was that some of the
film clips might not be universal. Since our participants
were native Japanese, it is probable that some of the film
clips did not elicit the emotions that we intended to
measure. Future research needs to test the validity and
reliability of the film stimuli of universality. Furthermore,
our study is limited in terms of the generalizability of our



findings. Further studies are necessary to continue to
examine facial movements during interactions and context
influences.

Certainly, further data needs to be collected to test the
validity of our findings using a larger sample and
participants from cultures other than Japan.
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Analysis and Simulation of Faciél
Movements in Elicited and Posed
Expressions Using High-Speed Camera

Introduction

The purpose of this research was to examine dynamic
aspects of facial movements involving “posed” (intended)
facial expressions versus “elicited” (unintended)
emotional facial expressions. The participants were
shown Gross & Levenson’s set of standardized emotional
film stimuli!, and their facial expressions to the film stimuli
were recorded by a high-speed video camera (250 frames/
sec), which allowed us to analyze facial movements very
closely in image sequences. These movements cannot
be seen with a regular video camera (30 frames/sec). In
addition, the participants were asked to produce the facial
expressions of happiness, surprise, and disgust based
on the Facial Action Coding System (FACS). The findings
suggested that the patterns of facial movements between
posed facial expressions and elicited emotional facial
expressions are not significantly different, but that there
were differences in the intensity of the facial
expressiveness.

Method

The subjects ware 24 participants (12 Japanese female,
12 Japanese male). To obtain the video recordings of facial
expressions, a high-speed video camera was hidden
behind a 21- inch prompter. The film stimuli used in this
study were adapted from Gross & Levenson’s sef of
standardized emotional film stimuli'. The protocol for
Posed Expressions was utilized. Ekman & Friesen’s facial
action coding system (FACS), which is an objective method
for quantifying facial movements was also utilized. FACS
is an anatomically based coding scheme that codes facial
muscular movements in terms of 44 action units (AUs) or
action unit combinations (AU combinations). The
participants were instructed to perform six basic facial
expressions of emotions based on combinations of AUs.

Analysis and Simulation of Facial Movements

For the present study, only images of disgust, happiness,
and surprise expressions were analyzed via the high-
speed camera. Feature Point Tracking. The authors
developed a GUI tool, a feature point tracking tool, to
analyze the facial movements of emotions in this study.
The images were downloaded onto a computer. 28 dots
were manually plotted on the face (4 dots for an outline of
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Figure.1 The amount of average movements by each facial part
(expression of “Happiness”)
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the eyebrows, 4 dots for an outline of both eyes, 5 dots for
an outline of the nose, 6 dots for an outline of the mouth,
and 1 dot at a corner of the jaw) in the initial image. The
authors selected these twenty-eight dots because they
were found to be necessary to recreate the movements of
basic facial expressions and to design computer graphics
programs aiming to simulate natural facial movements.

We examined patterns of facial movements by measuring
the movements of the feature points. We analyzed the
feature points by the facial regions (i.e., eyebrows, eyes,
and mouth). We computed the mean ratings of each
region per emotion for ali of the subjects.

Overall, our results indicated that the mean ratings of the
eye region were higher than those of the eyebrows and
mouth regardless of the emotion category or experimental
conditions.Furthermore, we compared the total duration
{the time from neutral, the start of the expression, and the
attainment of the peak intensity) between posed and
elicited emotion conditions. Our results demonstrated that
the total duration was shorter for the posed expressions
for all emotions. Figure. 1 shows an example of the
expression of “Happiness”. We also found differences in
the magnitudes of facial movements between the posed
and elicited emotion conditions. The data showed that
the magnitudes of posed expressions were greater than
those of elicited emotions across the emotions. In addition,
our data revealed that the facial movements were
nonlinear as a function of time.

We also simulated facial synthesis using Morishima’s
system?. Figure. 2 shows a reconstracted facial movement
of all frames. The generic facial animation was created
through linear animation by morphing. The animation used
by our technigue is more natural than conventional generic
animation.
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