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Abstract. LUCIA is an MPEG-4 facial animation system develb@e ISTC-
CNR. It works on standard Facial Animation Parameters speaks with the
Italian version of FESTIVAL TTS. To achieve an emetexpressive talking
head LUCIA was build from real human data physicaikracted by ELITE
optotracking movement analyzer. LUCIA can copy d hesman by reproduc-
ing the movements of passive markers positionetiisface and recorded by
the ELITE device or can be driven by an emotion8MLXtagged input text,
thus realizing a true audio/visual emotive/expressiynthesis. Synchronization
between visual and audio data is very importantroter to create the correct
WAV and FAP files needed for the animation. LUCIA/sice is based on the
ISTC Italian version of FESTIVAL-MBROLA packages, mfed by means of
an appropriate APML/VSML tagged language. LUCIA vaitable in two dif-
ferent versions: an open source framework andwlogK in progress” WebGL.
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1 Introduction

There are many ways to control a synthetic talkame. Among them, geometric
parameterization [1-2], morphing between targetespeshapes [3], muscle and
pseudo-muscle models [4-5], appear the most atteact

Growing interest have encountered text to audi@ligystems [6-7], in which
acoustical signal is generated by a Text to Speadgne and the phoneme informa-
tion extracted from input text is used to define #nticulatory movements.

1 With the collaboration of many students and redeas working at ISTC during these last
years, among them: G.Tisato, F.Tesser, C.Driolievai, G.Perin, A.Fusaro, D.Grigoletto,
M.Nicolao, G.Sommauvilla, E.Marchetto
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To generate realistic facial animation is necestargproduce the contextual vari-
ability due to the reciprocal influence of articdigley movements for the production of
following phonemes. This phenomenon, defined coaldtion [8], is extremely com-
plex and difficult to model. A variety of coarti@ailon strategies are possible and
even different strategies may be needed for diffdlenguages [9].

A modified version of the Cohen-Massaro coarticgalatmodel [10] has been
adopted for LUCIA [11] and a semi-automatic miniatinn technique, working on
real cinematic data acquired by the ELITE opto+etetic system [12], was used for
training the dynamic characteristics of the modelrder to be more accurate in re-
producing the true human lip movements.

Moreover, emotions are quite important in humaerimrsonal relations and indi-
vidual development. Linguistic, paralinguistic aeshotional transmission are inher-
ently multimodal, and different types of informatian the acoustic channel integrate
with information from various other channels faeailing communicative processes.
The transmission of emotions in speech communicasi@ topic that has recently re-
ceived considerable attention, and automatic spesmdgnition (ASR) and multimo-
dal or audio-visual (AV) speech synthesis are exampf fields, in which the proc-
essing of emotions can have a great impact andngarove the effectiveness and of
human-machine interaction.

Viewing the face improves significantly the intglbility of both natural and syn-
thetic speech, especially under degraded acoustiditions. Facial expressions signal
emotions, add emphasis to the speech and facilltatenteraction in a dialogue situa-
tion. From these considerations, it is evident,thbrder to create more natural talk-
ing heads, it is essential that their capabilitynpoises the emotional behavior.
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Ay

LUCIA -5 LUCIA
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Fig. 1. LUCIA's functional block diagram

In our TTS (text-to-speech) framework, AV speechtkgsis, that is the automatic
generation of voice and facial animation from agbif text, is based on parametric
descriptions of both the acoustic and visual speectialities. The visual speech syn-
thesis uses 3D polygon models, that are paramiyriagticulated and deformed,
while the acoustic speech synthesis uses an Itadiesion of the FESTIVAL diphone
TTS synthesizer [13] now modified with emotive/eagsive capabilities. The block
diagram of our framework is depicted in Fig. 1.
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Various applications can be conceived by the usnohated characters, spanning
from research on human communication and perceptiartools for the hearing im-
paired, to spoken and multimodal agent-based userfaces. The recent introduction
of WebGL [41], which is 3D graphics in web browsespens the possibility to bring
all these applications via internet. A softwaretimgr of LUCIA is currently in the
early stage of development.

2 Data acquisition environment

LUCIA is totally based on true real human dataextttd during the last decade by
the use of ELITE [14, 15, 16], a fully automatic vement analyzer for 3D kinemat-
ics data acquisition [12], which provides for 3Doodinate reconstruction, starting
from 2D perspective projections, by means of aesiginotogrammetric procedure
which allows a free positioning of the TV camerBke 3D data dynamic coordinates
of passive markers (see Fig. 2) are then usedetteour lips articulatory model and
to drive directly our talking face, copying humatitll movements.
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Fig. 2.. Position of reflecting markers and reference g¢afor the articulatory movement data
collection en theleft), and the MPEG-4 standard facial reference pdortshe right)

Two different configurations have been adoptedafticulatory data collection: the
first one, specifically designed for the analydidatial movements, considers a sim-
ple scheme with only 8 reflecting markers (biggerkers in Fig.2) while the second,
adapted to the analysis of expressive and emogieech, utilizes the full and com-
plete set of 28 markers. All the movements of tter 8 markers, depending on the
adopted acquisition pattern, are recorded and atelle together with their velocity
and acceleration, simultaneously with the co-preduspeech which is usually seg-
mented and analyzed by means of PRAAT [17], thabhmates also intensity, du-
ration, spectrograms, formants, pitch synchronoisafd various voice quality pa-
rameters in the case of emotive and expressivebfé8, 19].

In order to simplify and automates many of the apen needed for building-up
the 3D avatar from the motion-captured data at I€NR we developed
INTERFACE [20], an integrated software designed immglemented in Matlab©
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3 Architecture and implementations

LUCIA [45] is a graphic MPEG-4 standard compatiliéeial animation engine
implementing a decoder compatible with the "Prexdilt Facial Animation Object
Profile" [21]. LUCIA speaks with the Italian versiomf FESTIVAL TTS [13], as il-
lustrated in Fig. 1.

MPEG4 specifies a set of Face Animation ParaméEk®s), each corresponding
to a particular facial action deforming a face niddeits neutral state. A particular
facial action sequence is generated by deformiegfidhe model, in its neutral state,
according to the specified FAP values, indicatimg magnitude of the corresponding
action, for the corresponding time instant. Thenrtiodel is rendered onto the screen.

LUCIA is able to generate a 3D mesh polygonal mdgedirectly importing its
structure from a VRML file [24] and to build its iamation in real time.

At the current stage of development, LUCIA is attieed young female 3D face
model built with 25423 polygons: 14116 belong te #kin, 4616 to the hair, 2688x2
to the eyes, 236 to the tongue and 1029 to thh tespectively.

hair

eyes

@

teeth

Fig. 3. Lucia’s wireframe, textures and renderings.

Currently the model is divided in two sub sets widamental polygons: the skin
on one hand and the inner articulators, such asotigue and the teeth, or the facial
elements such as the eyes and the hair, on the dthis subdivision is quite useful
when animation is running, because only the regicfilpolygons corresponding to the
skin is directly driven by the pseudo-muscles arabnstitutes a continuous and uni-
tary element, while the other anatomical componemdge themselves independently
and in a rigid way, following translations and taias (for example the eyes rotate
around their center). According to this strategy plolygons are distributed in such a
way that the resulting visual effect is quite snfowith no rigid "jumps" over all the
3D model.

LUCIA emulates the functionalities of the mimic noles, by the use of specific
"displacement functions" and of their following iact on the skin of the face. The ac-
tivation of such functions is determined by specifiarameters that encode small
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muscular actions acting on the face, and theserectian be modified in time in order
to generate the wished animation. Such parametekdPEG-4, take the name of Fa-
cial Animation Parameters and their role is fundafake for achieving a natural

movement. The muscular action is made explicit lmans of the deformation of a po-
lygonal reticule built around some particular kayjns called "Facial Definition Pa-

rameters" (FDP) that correspond to the junctiothenskin of the mimic muscles.

Moving only the FDPs is not sufficient to smoothhove the whole 3D model,
thus, each "feature point" is related to a pardictiinfluence zone" constituted by an
ellipses that represents a zone of the reticulerevtiee movement of the vertexes is
strictly connected. Finally, after having estabdidhthe relationship for the whole set
of FDPs and the whole set of vertexes, all thetgadhthe 3D model can be simulta-
neously moved with a graded strength following iae@d-cosine function rule associ-
ated to each FDP.

There are two current versions of LUCIA: an openrse 3D facial animation
framework written in C programming language [43flannew WebGL implementa-
tion [44]. The C framework allows efficient rendsgi of a 3D face model in
OpenGL-enabled systems (it has been tested on Wsdad Linux using several ar-
chitectures). It has a modular design: each mogrtdeides one of the several com-
mon facilities needed to create a real-time Fakimination application. It includes an
interface to play audio files, a robust and extételd& AP parser, sample-based au-
dio/video synchronization and an object orientddriiace to the components of a face
model. Finally, the framework includes a ready e tiemale face model and some
sample applications to play simple animation andeti movements' behavior. The
framework's core is built on top of OpenGL and doesrely on any specific context
provider (it has been tested using GLUT[36], FreB&lG[37] and GtkGLEXxt[38]). In
order to grant portability, the modules' interfaees designed so that their implemen-
tation details are hidden to the application and possible to provide multiple im-
plementation of the same model (e.g., three impigations of the audio module are
included using respectively OpenAL[39], Gstream@}[4and Microsoft MCI[41]).
The very recent introduction of 3D graphics in tieeb browsers (which is known as
WebGL [42]) opens new possibilities for our 3D aatThe powerful of this new
technology is that you don't need to download asgittonal software or driver to ac-
cess the content of the 3D world you are intergctifith. We are currently develop-
ing this new software version in order to easiliegrate LUCIA in a website; there
are many promising functionality for web applicatioa virtual guide for any website
(which we are exploiting in the wikimemo.it projecThe portal of Italian Language
and Culture); a storyteller for e-book reading;igitdl tutor for hearing impaired; a
personal assistant for smart-phone and mobile devithe early results can be ob-
served in [44]

4 Emotional synthesis

Audio Visual emotional rendering was developed wugkon true real emotional
audio and visual databases whose content was osadtdématically train emotion
specific intonation and voice quality models toilbgluded in FESTIVAL, our Italian
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TTS system [25, 26, 27, 28] and also to define ifipeemotional visual rendering to
be implemented in LUCIA [29, 30, 31].

APML
Meaning DTD  Abstraction Examples ;
Semantic tagnames  level
Emono.ns i affectivei 3 < fear >
Expressiong | ;
VSML
Voice | i
; i voqual < >...< >
Quality | | 2 <breathy> ... <tremulous
Acoustic | | . ) .
1 signalctrl | 1 <asp noise > ... < spectral_tilt >
Controls | ! 9 ; P b -

Fig. 4. APML/VSML mark-up language extensions for emotuglio/visual synthesis.

An emotion specific XML editor explicitly designddr emotional tagged text was
developed. The APML mark up language [32] for bétasgpecification permits to
specify how to markup the verbal part of a dialogvenso as to add to it the "mean-
ings" that the graphical and the speech generatiomponents of an animated agent
need to produce the required expressions (FigSd)far, the language defines the
components that may be useful to drive a face ammahrough the facial descrip-
tion language (FAP) and facial display functionkeTextension of such language is
intended to support voice specific controls. Aneexted version of the APML lan-
guage has been included in the FESTIVAL speechhsgig environment, allowing
the automatic generation of the extended phondiierfrom an APML tagged text
with emotive tags. This module implements a theel hierarchy in which the affec-
tive high level attributes (e.g. <anger>, <joy>e&f>) are described in terms of me-
dium-level voice quality attributes defining thegptation type (e.g., <modal>, <soft>,
<pressed>, <breathy>, <whispery>, <creaky>). Thasdium-level attributes are in
turn described by a set of low-level acoustic litiés defining the perceptual corre-
lates of the sound (e.g. <spectral tilt>, <shimmedjitter>). The low-level acoustic
attributes correspond to the acoustic controlsttiaiextended MBROLA synthesizer
can render through the sound processing procedserided above. This descriptive
scheme has been implemented within FESTIVAL ag afsmappings between high-
level and low-level descriptors. The implementationludes the use of envelope
generators to produce time curves of each parameter

In order to check and evaluate, by direct low-ler@nual/graphic instructions,
various multi level emotional facial configurationse developed an EmotionPlayer,
which was strongly inspired by the EmotionDisc gbia Ruttkay [33]. It is designed
for a useful immediate feedback, as exemplifieBim 5.
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EmotionPlayer

Fig. 5. Emotion Player: clicking on three-level intensf{tpw, mid, high) emotional disc, an
emotional configuration (i.e. high -fear) is actisg.

5 Conclusions

LUCIA is an MPEG-4 standard FAPs driven OpenGL fearark which provides
several common facilities needed to create a nea-Facial Animation application.
It has high quality 3D model and a fine coarticialatmodel, which is automatically
trained by real data, used to animate the face.

The modified coarticulatory model is able to reproel quite precisely the true
cinematic movements of the articulatory parametEng. mean error between real and
simulated trajectories for the whole set of paramgis, in fact, lower than 0.3 mm.

Labial movements implemented with the new modifieadel are quite natural and
convincing especially in the production of bilakiand labiodentals and remain co-
herent and robust to speech rate variations.

The overall quality and user acceptability of LUCESking head has to be percep-
tually evaluated [34, 35] by a complete set of eegteriments, and the new model has
to be trained and validated in asymmetric cont€xi<CV2) too. Moreover, emotions
and the behavior of other articulators, such aguenfor example, have to be ana-
lyzed and modeled for a better realistic implemiora

A new WebGL implementation of the avatar is curdgeit progress to exploit new
possibilities that arise from the integration of CIA in the internet websites.

Acknowledgments. Part of this work has been sponsored by PF-STARp@ing
Future multiSensorial inTerAction Research, Européaoject IST- 2001-37599,
http://pfstar.itc.it ), TICCA (Tecnologie cognitiyeer I'Interazione e la Cooperazione
Con Agenti artificiali, joint "CNR - Provincia Automa Trentina" Project) and
WIKIMEMO.IT (The Portal of Iltalian Language and @ule, FIRB Project,
RBNEQ78K93, Italian Ministry for Research and Unisity)



8

Piero Cosi - G.Riccardo Leone - Giulio Paci

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

Massaro, D.W., Cohen, M.M., Beskow, J., Cole, RD¥eveloping and Evaluating Con-
versational Agents. In: Cassell, J., Sullivan, devBst, S., Churchill, E. (eds), Embodied
Conversational Agents. MIT Press, pp. 287--318, Catgbr MA (2000)

Le Goff, B.: Synthése a partir du texte de visa@le parlant frangais. PhD thesis, Greno-
ble (1997)

Bregler, C., Covell, M., Slaney, M.: Video Rewrifgriving Visual Speech with Audio.
In: SIGGRAPH '97, pp. 353--360. (1997)

Lee, Y., Terzopoulos, D., Waters, K.: Realistiac& Modeling for Animation. In:
SIGGRAPH '95, pp. 55--62. (1995)

Vatikiotis-Bateson, E., Munhall, K.G., Hirayanid,, Kasahara, Y., Yehia, H.: Physiol-
ogy-Based Synthesis of Audiovisual Speech. In: 4teeBh Production Seminar: Models
and Data, pp. 241--244. (1996)

Beskow, J.: Rule-Based Visual Speech Synthesi€urospeech '95, pp.299--302. Ma-
drid (1995)

LeGoff, B., Benaoit, C.: A text-to-audiovisualspkeynthesizer for French. In: ICSLP '96,
pp. 2163--2166. Philadelphia (1996)

Farnetani, E., Recasens, D.: Coarticulation ModeRecent Speech Production Theories.
In: Hardcastle, W.J. (eds.) Coarticulation in Sfre®coduction. Cambridge University
Press, Cambridge, MA (1999)

Bladon, R.A., Al-Bamerni, A.: Coarticulation resiste in English. J. Phonetics. 4, pp.
135--150 (1976)

Cosi., P., Perin., G.: Labial Coarticulation Mgt for Realistic Facial Animation. In:
ICMI ‘02, pp. 505--510. Pittsburgh (2002)

Cosi, P., Fusaro, A., Tisato, G.: LUCIA a Newidta Talking-Head Based on a Modified
Cohen-Massaro’s Labial Coarticulation Model. In: Emeech 2003, vol. Ill, pp. 2269--
2272. Geneva (2003)

Ferrigno, G., Pedotti, A.: ELITE: A Digital Diedted Hardware System for Movement
Analysis via Real-Time TV Signal Processing. In: EEEransactions on Biomedical En-
gineering, BME-32, pp. 943--950 (1985)

Cosi, P., Tesser, F., Gretter, R., Avesani, Csti\ed Speaks Italian!. In: Eurospeech
2001, pp. 509--512. Aalborg, Denmark (2001)

Cosi, P., Magno Caldognetto, E.: Lip and Jaw Muemts for Vowels and Consonants:
Spatio-Temporal Characteristics and Bimodal Recognitipplications. In: Storke, D.G.,
Henneke, M.E. (eds.) Speechreading by Humans amtilt Models, Systems and Ap-
plications.NATO ASI Series, Series F: Computer apdt&ns Sciences, vol. 150, pp.
291--313. Springer-Verlag, (1996)

Magno Caldognetto, E., Zmarich, C., Cosi, P.rdfer F.: Italian Consonantal Visemes:
Relationships Between Spatial/temporal Articulatorya@steristics and Coproduced
Acoustic Signal. In: AVSP '97, Tutorial & Researcloilkshop on Audio-Visual Speech
Processing: Computational & Cognitive Science Apphneacpp. 5--8. Rhodes (1997)
Magno Caldognetto, E., Zmarich, C., Cosi, P tiSteal Definition of Visual Information
for Italian Vowels and Consonants. In: Burnham, D b&®6Ribes, J., Vatikiotis-Bateson,
E. (eds.) Proceedings of AVSP '98, pp. 135--14@&ida, Austria (1998)

Boersma, P.: PRAAT, a system for doing phonddiccomputer. Glot International, 5
(9/10), 341--345 (1996)

Magno Caldognetto, E., Cosi, P., Drioli, C., Tasab., Cavicchio, F.: Coproduction of
Speech and Emotions: Visual and Acoustic Modifaragi of Some Phonetic Labial Tar-
gets. In: AVSP 2003, ISCA Workshop, pp. 209--214J@toz, France (2003)



19.

20.

21.
22.

24.
25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.
37.
38.
39.
40.
41.
42.
43.
44,
45.

LUCIA: An open source 3D expressive avatar for multnodal h.m.i. ~ 9

Drioli, C., Tisato, G., Cosi, P., Tesser, F.:dfions and Voice Quality: Experiments with
Sinusoidal Modeling. In Proceedings of Voqual 20@8ice Quality: Functions, Analysis
and Synthesis, ISCA Workshop, pp. 127--132. Gen29a3)

Tisato, G., Cosi, P., Drioli, C., Tesser, F.: BRFACE: a New Tool for Building Emo-
tive/Expressive Talking Heads. In: INTERSPEECH 2(@5%,781--784, Lisbon (2005)
MPEG-4 standarthttp://mpeg.chiariglione.org/standards/mpeg-4/mgddm

Ekman, P., Friesen, W.: Facial Action Codingt&ys Consulting Psychologist Press
Inc.. Palo Alto, CA, USA, (1978)

Hartman, J., Wernecke, J.: The VRML Handbooldigah Wessley, (1996)

Tesser, F., Cosi, P., Drioli, C., Tisato, G.:dadic Data-Driven Modelling of Narrative
Style in FESTIVAL TTS. In: 5th ISCA Speech Synthegaisrkshop, Pittsburgh (2004)
Tesser, F., Cosi, P., Drioli, C., Tisato, G.:dfional Festival-Mbrola TTS Synthesis. In:
INTERSPEECH 2005, pp. 505--508. Lisbon (2005)

Drioli, C., Tesser, F., Tisato, G., Cosi, P.n€al of Voice Quality for Emotional Speech
Synthesis. In: AISV 2004, 1st Conference of Assadoia Italiana di Scienze della Voce,
pp. 789--798. EDK Editore s.r.l., Padova, Italy@2p

Nicolao, M., Drioli, C., Cosi, P.: GMM modellingf voice quality for FESTIVAL-
MBROLA emotive TTS synthesis. In: INTERSPEECH 2006, bpP4--1797. Pittsburgh
(2006)

Cosi, P., Fusaro, A., Grigoletto, D., Tisato, Bata-Driven Tools for Designing Talking
Heads Exploiting Emotional Attitudes. In: Tutoriahd Research Workshop "Affective
Dialogue Systems", pp. 101--112. Kloster Irsee nizery (2004)

Magno Caldognetto, E., Cosi, P., Drioli, C., Tas&®., Cavicchio, F.: Visual and acoustic
modifications of phonetic labial targets in emotspeech: Effects of the co-production of
speech and emotions. J. Speech Communication4/ohpt 173--185 (2004)

Magno Caldognetto, E., Cosi, P., Cavicchio, FodNication of the Speech Articulatory
Characteristics in the Emotive Speech. In: Tutosiadl Research Workshop "Affective
Dialogue Systems", pp. 233--239. Kloster Irsee nizery (2004)

De Carolis, B., Pelachaud, C., Poggi, I., SteedianAPML, a Mark-up Language for
Believable Behavior Generation. In: Prendinger, shjduka, M. (eds.) Life-Like Charac-
ters, pp. 65--85. Springer, (2004)

Ruttkay, Z., Noot, H., Hagen, P.: Emotion Diad &motion Squares: tools to explore the
facial expression space. Computer Graphics Foru,)22p. 49--53 (2003)

Massaro D.W.: Perceiving Talking Faces: froreeé®jh Perception to a Behavioral Princi-
ple. MIT Press, Cambridge, MA (1997)

Costantini, E., Pianesi, F., Cosi, P.: Evaluatib8ynthetic Faces: Human Recognition of
Emotional Facial Displays. In: Tutorial and Reseandbrkshop "Affective Dialogue Sys-
tems", pp. 276--287. Kloster Irsee, Germany (2004)

The OpenGL Utility Toolkithttp://www.opengl.org/resources/libraries/glut/

The Free OpenGL Utility Toolkihttp://freeglut.sourceforge.net

GTK+ OpenGL Extensiofttp://projects.gnome.org/gtkglext/

OpenAL a cross platform 3D audio ARttp://connect.creativelabs.com/openal/
Gstreamer - Open source multimedia framewth;//gstreamer.freedesktop.org/
Windows MCl http://en.wikipedia.org/wiki/Media_Control_Interface

WebGL- OpenGL for the webftp://www.khronos.org/webgl/

LUCIA Open source projedittp://sourceforge.net/projects/lucia/

LUCIA - WebGL implementatiorttp://www?2.pd.istc.cnr.it/LUCIA/webgl/

LUCIA - homepagéhttp://www?2.pd.istc.cnr.it/LUCIA/




