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1 The status of this report 

Joint research in HUMAINE aims to produce 'exemplars'. We chose the term exemplars to 
convey that above all, the systems that we develop should embody sound principles. The 
systems may be working models or 'in principle' specifications. Embodying sound principles 
means not only that they should exemplify good ways of addressing individual problems, but 
also that the set of exemplars taken as a whole defines a rational way of partitioning the 
overall problem of developing emotion-sensitive systems. Arriving at a satisfying partition is 
a major part of the challenge that HUMAINE faces, requiring iteration and consultation 
between groups dealing with different thematic areas. 

The Technical Annex sets process that is designed to meet that challenge. It will begin with 
production by each thematic group of a review of key concepts, achievements and problems in 
its thematic area; and drawn from the review, an assessment of the key development goals in 
the area.  This review and assessment will be circulated to the whole network for discussion 
and comment, aimed both at building understanding of basic issues across areas, and at 
identifying the choices of goal that would be most likely to let the different groups achieve 
complementary developments. That consultation phase will provide the basis for deliverables 
in month 11, which will specify a range of exemplars that deserve serious consideration. A 
further round of consultation will follow before concrete plans for each workpackage are 
drawn up and shared at the 18 month plenary meeting. 

This report is the review that defines the starting point of the process for work package WP6, 
whose brief title is ‘Emotion in interaction’ .  
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2 Thematic definition of this workpackage 

This report deals with interaction. Interaction involves two or more parties exchanging 
messages. Interaction is by no mean a one way communication channel between parties. 
Within an interaction, parties play at turn the role of the sender and of the receiver. But one is 
not solely a sender or a receiver. When one acts as a sender, one also senses how the other 
parties respond to one’s messages. Identically, the receivers do not only play as receivers as 
they transmit their reactions to the sender’s message. Interaction can be viewed as a balanced 
perception and generation of messages in that parties adapt continuously to each other during 
the interaction. As such, the definitions of sender (speaker) and receiver (listener) are not as 
orthogonal from each other as it seems at first. Rather both roles are interleaved with each 
other. Messages, such as verbal and nonverbal behaviours (gaze, intonation, facial expression, 
gesture and so on), sent by parties are constantly sensed. The interpretation of their meaning is 
inferred by each participant. This continuum exchange of signals allows for the progression of 
interaction. As such, this report has been divided into three main groups in which several 
themes have emerged: 

- Perception:  

- perception of audio and visual information by human and by the system;  
- perception/interpretation of emotional states from single modalities and from 

multiple modalities; 
- enhancement of perceptive qualities for virtual agents; 
- agent interpretation of discourse signals; 

- Interaction:  

- role of emotions in interaction and the gain of their perception in interaction; 
- impacts of one’s felt emotion on the interaction; 
- impacts of perceived emotion on the interaction; 
- role of memory, emotion and attention in interaction;  

- Generation:  

- audio and visual expressive synthesis; 
- acoustic parameters used for emotional speech synthesis; 
- expressive parameters used for embodied conversational agent; 
- representation language: Gesticon, modalities cooperation, expressivity; 
- design of combined and integrated expressive visual and audio signals; 

Some of themes highlighted so far are also discussed within other workpackages under 
another angle. These common links are discussed toward the end of this document. 

As part of WP6, a workshop is planned to happen in January 2005 in Paris. The themes of this 
workshop will be based on the themes elaborated in this document. They may be further 
refined as the cooperation between partners of WP6 tightens.  
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3 Review of key concepts in the thematic area 

Several themes have emerged. They have been gathered into 3 main groups – perception, 
interaction and generation: 

3.1 Key concepts in perception:  

- Perception/interpretation of emotional states from single modalities (bio signals, audio, 
text and visual information) and from multiple modalities  

- Emotion involves multiple communicative channels which are classified as follow in 
(Collier, 1985): Facial expressions, Body movements (innate expressions, learned 
expressions), Gaze (direction, blinking, openness…), Spatial behaviour (distance, body 
placement, height…). 

- Modalities can be combined in several dimensions (Knap, 2002, Martin et al., 2001). 
When addressed in other context than emotion (multimodal deixis in multimodal input 
interfaces), multimodal fusion has pointed out several concepts such as multimodal 
score for mutual disambiguation between modalities, individual differences and 
temporal disfluencies between speech and gesture. 

- Human/agent attention to emotional expression: 

- Human perceptual attention to emotional (human and/or agent) faces 
ƒ� Preferences in humans for attending to certain emotional expressions over 

others (saliency hierarchy of emotions?) 
ƒ� Correlation between competence level of stimulus and elicitation of attention? 
ƒ� Emotion contrast and elicitation of attention 

- Role of memory 
- Agent interpretation of agent expression 

- WoZ studies on emotion understanding in interactive systems (vocal and ECA). In the 
Wizard-of-Oz technique, a human plays the role of the computer in a simulated human-
computer interaction. After Baum, Lyman Frank : The Wonderful Wizard of Oz 
(1900).  A thorough account and assessment can be found in: Gibbon et al. 1997,  cf.  
as well Fraser and  Gilbert  1991. 

- Virtual perception: virtual characters “augmented” with virtual sensors (vision, 
audition, tactile) serving as input for stimuli-reaction, behavioural models for 
animation  

3.2 Key concepts in interaction:  

- Virtual perception: virtual characters “augmented” with virtual sensors (vision, 
audition, tactile) serving as input for stimuli-reaction, behavioural models for 
animation 

- Balanced perception and generation: Communication involves a sender and a 
receiver. The sender displays a message aiming at communicating it to the receiver. 



HUMAINE D6b 

HUMAINE   ,67�) 3� �&RQWUDFW�QR��� � � � � � ��12 

But none of these actors behave solely under one role. Both act at the same time as a 
sender and a receiver. The sender perceives the receiver' s reaction to the sender' s 
message, the effect the message has on the receiver' s state of mind. Depending on the 
receiver' s reaction the sender will react accordingly by re-shaping her message, 
modifying it, reinforcing it. Identically the receiver is also a sender as he shows his 
reaction to the sender' s message; this reaction may be to ask for clarification, to mean 
disagreement or agreement, to show empathy and so on.  

- Impact of the one’s felt emotion on the interaction; impact of perceived emotion on the 
interaction: 

- Impact of perceived emotion on the interaction: A computational system endowed 
with the ability to perceive (part of) the user's emotions will have to take this 
information into account during the interaction. The influence of this information 
will penetrate the whole system, starting with the interpretation of the multi-modal 
input, over the structuring of the dialogue to the display of information to the user. 
In case of an ECA, the agent may, e.g., mirror the user's emotion by the means of 
facial expression to claim common ground with the user. 

- ,PSDFW�RI�RQH
V�IHOW�HPRWLRQ�RQ�WKH�LQWHUDFWLRQ: A computational system endowed 
with some kind of „computational emotionª will have to take this information into 
account for decision making. 

- Function of emotions: Definition of the role that emotions play in the interaction 
process, what's the gain to perceive emotions or to have emotions compared to 
traditional systems 

- Criteria to establish annotated corpora: Creating ECA-based systems relies more and 
more on the analysis of corpora of human behaviour. A large number of coding 
schemes for linguistic features as well as for gestures are around. But when it comes to 
the coding of emotions, this abundance is missing. There are some first steps taken, 
e.g., with the FEELTRACE-Tool which allows the coder to capture her subjective 
opinion on the emotion displayed by the observed person(s) relying on a dimensional 
model of emotions. How other models of emotion and how the more objective 
information from physiological signals can be coded is still an unsolved problem. 

- Constructing an emotional speech database requires techniques for describing the 
linguistic and emotional content on one hand, and the speech on the other. Use of the 
term ªscopeº covering several kinds of variation that a database may incorporate. 
Coding need to acknowledge the full range of features involved in the vocal expression 
of emotion, including at least voice quality, prosody and non-linguistic features such 
as laughter (Douglas-Cowie, 2003).  

- Regarding dialog annotation (Allen et al., 1997) works provide a top-level structure 
(DAMSL : Dialog Act Markup in Several Layers) for annotating a range of dialogs for 
many different purposes. The utterance tags all indicate some particular aspect of the 
utterance unit itself, summarizing the intentions of the speaker (i.e., why the utterance 
was spoken) and the content of the utterance. In (Craggs, 2004), focusing on adding 
emotion annotation in transcribed dialogue, the author explains how to design an 
annotation schema, by using: 

- Dialog units: not implicit, nor obvious, utterances are the dialog units. 
- Descriptive mechanisms: labels (anger, fear¼ ), psychological research results: 

Courage, dejection, sadness, disgust, aversion, shame, anger, surprise, guilt, 
wonder, hate, love, happiness, desire, (contempt?). 
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- Categorisation of the labels: ranges. 

- Constructing an annotation scheme using abstract dimensions: Activation-Evaluation 
space: adapted for annotation of transcribed dialogue,  

- Activation: Intensity (value between 0 and 4): 
- 0: No emotion or not possible to tell 
- 1: not totally lacking in emotion. 
- 2: low level, but apparent. 
- 3: clear expression of emotion. 
- 4: strong expression of emotion. 

- Evaluation (value between -3 and +3): 
- -3: wholly/strong negative. 
- -2: clearly negative. 
- -1: perhaps negative. 
- 0: neutral or impossible to tell. 
- +1: perhaps positive. 
- +2: clearly positive. 
- +3: wholly/strong positive. 

3.3 Key concepts in generation 

� �� �� � ( [ SUHVVLYH�JHVWXUH�

When dealing with the expressive, emotional content in interaction, expressive gesture is a 
relevant concept for research (Camurri et al., 2004). Kurtenbach and Hulteen (1990) define 
gesture as “ a movement of the body that contains information” . Expressive gesture is not only 
intended to denote things or to support speech as in the traditional framework of natural 
gesture, but the information it contains and conveys is often related to the affective, emotional 
domain. From this point of view, gesture can be considered “ expressive”  depending on the 
kind of information it conveys: expressive gesture carries what Cowie and colleagues (2001) 
call “ implicit messages” , and what Hashimoto (1997) calls KANSEI. That is, expressive 
gesture is the responsible of the communication of information that we call expressive content. 
Expressive content is different and in most cases independent from, even if often 
superimposed to, possible denotative meaning. Expressive content concerns aspects related to 
feelings, moods, affect, intensity of emotional experience. With intensity of emotional 
experience we refer to a condition in which interaction is able to provide subjects with real 
and genuine emotional experiences, i.e., interaction is not just communication of information 
but the expressive, emotional content conveyed through interaction engages subjects so that 
information and interaction transcend into a consistent multisensory experience. 

� �� �� � 5 HSUHVHQWDWLRQ�ODQJXDJH��

Representation languages are a mean to encode information and to use it to drive and control 
the animation on ECAs. The encoded information may corresponds to gesture and face signs. 
But they may also represents semantic or syntactic elements. So far, several typologies have 
been proposed for combining modalities in generation, for example: equivalence, redundancy, 
complementarity, specialisation (Abrilian et al., 2003), but also communicative functions 
(Poggi et al, 1999), semantic information (Piwek et al, 2002), the signals (VHML)…  
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� �� �� � * HQHUDWLRQ�RI�V\ QFKURQLVHG�P XOWL�P RGDO�EHKDYLRXUV�IRU�( &$ V��

How to select the adequate combination between modalities? Should the emotion be 
expressed redundantly? With how much ªstrengthº in each modality? 

Verbal and nonverbal signals are highly synchronized. They do not occur in a random way; 
most gestures occur during speech (McNeill, 1992). Gestures tend to end with our speech: our 
hands come to a stop, and we often look at our interlocutor to signal her that she can take the 
speaking floor. The timing relationship between both sets of signals occurs at different levels 
of the discourse: change of body orientation and leg posture often happen at a change of topic 
discussion, while blink is often synchronized at the phoneme level. A microanalysis study of 
an interaction (Condon, 1988) shows the organizational structure of all signals. In the 
microanalysis of the word sam (Condon, 1988), it was found that several gestures happen in 
parallel, and gesture and speech follow the same timing pattern; during the /s/ sound, the head 
goes down and the eyes close; during the /ae/ sound, the head goes right and the eyes remain 
closed; and during the /m/ sound, the head goes up and the eyes open. Multimodal signals 
play an important role in a conversation. Signals in different modalities are intersynchronized, 
and their meanings need to be evaluated in the context they are emitted.  

� �� �� � $ XGLR�DQG�YLVXDO�H[ SUHVVLYH�V\ QWKHVLV��

� �� �� �� � $ FRXVWLF�SDUDP HWHUV�XVHG�IRU�HP RWLRQDO�VSHHFK�V\ QWKHVLV�

If you talk about parameters to describe the human speech signal, you have to be careful to 
distinguish between several levels of description. First of all there is the acoustic level, at 
which parameters are measurable by physical units, e.g. you could say ªthe fundamental 
frequency is 100 Hzº. Then you got the perceptual level, at which acoustic phenomena are 
filtered by human perception, e.g. ªthe pitch is raised nowº and have to take into account that 
this may be the result from stronger high formants. At last there is the linguistic level where 
concepts are more abstract and motivated by functional aspects. Terms like ªaccent 
occurrencyº or ªstressed syllable frequencyº result from complex interplay of several acoustic 
parameters and are not clearly defined. The levels often overlap, e.g. for perceptual reasons 
fundamental frequency (or analogous F0) should be measured in Hertz only when used for 
absolute values. If two F0-values are compared, as when measuring the absolute range, 
semitones are preferable.  

Parameters to describe speech can be devided roughly into three big groups, depending 
whether they describe prosody, voice-quality or articulation. Each of them is influenced by 
emotional arousal, although not to the same degree. Concerning mechanical processing, there 
even seems to be a difference regarding the importance of certain parameter-classes depending 
on whether you want to simulate affect in speech or want to recognize it. E.g voice-quality is 
certainly an important issue if you' d like to synthesize emotions, but seems much less 
important for emotional analysis from speech (todo: That' s what Anton Batliner told me and I 
found that interesting). 

3.3.4.1.1 Prosodic parameters 

Prosody, describing ªthe rhythm and the melodyº of speech, consists of featurres of the 
suprasegmental parts of speech, i.e. having longer effect than the duration of  one phone. On 
the acoustic level you can measure intonation counture, intensity conture and phone-durations. 



HUMAINE D6b 

HUMAINE   ,67�) 3� �&RQWUDFW�QR��� � � � � � ��15 

Prosodic parameters were measured most often in literature on emotional speech and play 
without question a big role. The following list shall give a rough overview on regarded 
prosodic features: 

- Stress: stress is usually annotated on syllables. Most authors distinguish three stress-
types: sentence-, word- and unstressed. Acoustically, stress is determined by F0, 
duration and intensity, although intensity seems to play a minor role. In context with 
stress often th term ªaccentº is used, often standing for the focus in a stress, group, i.e. 
a group of syllables which' s intonation contour has a closed form.  

- Mean syllable duration: another important group of parameters are the duration 
measures, which may be given as mean value of different linguisitc units like sentence, 
phrase, syllable or phoneme. The often used parameter ªspeechrateº is not clearly 
defined and may denote words per minute or syllables per second. The so called 
ªarticulation-rateº subtracts the time of the pauses from the measured speech interval. 

- Mean durations of certain phone classes: the mean durations of certain phone classes 
appear to be correlated to emotions: Tischer (1993) found vowel duration to be 
correlated with evaluation and power; Kienast (1998) and Burkhardt & Sendlmeier 
(1999) found voiced fricatives to be lengthened in happy speech. 

- Speech pauses: the frequency and mean duration of speech pauses are an important 
sign of emotional arousal. Some studies introduce the ªsound-silence ratioº, which 
correlates the total duration of pauses with the vocalisation time.  

- Mean F0 and range: the fundamental frequency can be described by several global 
parameters such as mean, different ranges or variability. The variablity is usually given 
as standard deviation. 

- Intonation at phrase level: the intonation contour at phrase level is usually regarded as 
the declination between baseline (interpolating the first and last F0 minima) and 
topline (respective F0 maxima). 

- Intonation at syllable level: Intonation contours at syllable level are quite important for 
affect in speech, as many studies could show. Fundamental for these modelings is a 
stylisation algorithm as given by the one described in (d' Allessandro & Mertens, 
1995) or a labelling sytem like ToBI (Grice et al., 1996). Mean occurences of contour-
types and the steepness of their raising and falling parts can be measured and 
compared. 

- Intensity: The intensity of speech is perceived as loudness. It' s role as carrier of stress 
is so disputed that it' s often ignored (and usually with speech synthesizers not 
modifiable). Nonetheless, intensity is clearly a correlate of muscular activity and 
therefore relevant regarding emotional arousal. 

3.3.4.1.2 Voice Quality 

The voice quality is perceived as the timbre and is influenced by phonation as well as 
articulation settings (Laver, 1980). It can be measured objectively by the relation of certain 
wave-bands. E.g. a tense voice has more energy in higher wave bands. Other parameters are 
the frequency range (denoting the distance between highest and lowest measured frequency) 
or the occurrence and strength of noise in the speech. 
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- Description of the source signal: To describe the phonation-types usually the glottis-
signal is used, which can be measured only indirectly. Therefore one of the strengths 
of synthesis methods based on source-filter model is to be able to directly access 
parameters describing the voice-source, like e.g. the LF-model (Fant et al., 1985). 
Other important parameters that are based on voice source are jitter (short-time 
variations of F0) and shimmer (short-time variations of amplitude). 

- Location and bandwidth of formants: although the three lowest formants depend 
heavily on phone-articulation, the higher ones are relatively independent and 
determine mostly the perception of timbre. The absolute location is also relatively 
independent of the sound to be articulated. The relevance of formant locations for 
emotional speech, motivated e.g. by a shortening of the vocal-tract due to spread lips 
when smiling, could be shown in several studies. 

- Energy in specific wave bands: As mentioned above, voice-quality can be measured by 
the amplitude of certain wave bands. Usually long-term spectra are measured, often 
pooling sections with similar phonetic features (like e.g. being voiced).  

3.3.4.1.3  Speech parameters used for emotional detection 

The following parameters in speech are used for emotional detection: 

1. Linguistic cues :  

- segmental : lexical, disfluencies (word repetition, auto-correction) cues, etc  

- supra-segmental : prosodic cues (F0, duration, Energy, voice quality) and disfluences 
cues such as filler pauses, pauses levels ; etc  

- paralinguistic cues: non verbal-events (laugh, cry, throat clearing¼ ) 

2. Speech emotional cues and corresponding attributes are classified as follows by (Collier, 
1985): Vocal cues (Rhythm, Pitch, Amplitude, Rate), Grammatical issues (Verb/Adjectif 
ratio, Tense, Type of speech act) and Content. 

3. Prosody  can  add  information  to  the  strict linguistic content of the message  or even 
modify the meaning  of the  literal content. (Mozziconacci, 2001). Prosody has three 
acoustic parameters: fundamental frequency, intensity and length (Aubergé, 2001).  

4. Various studies stated the importance of intonation as a medium for expressing emotion in 
speech. (Mozziconacci, 1998). 

5. Voice quality is recognized to play an important role for the rendering of emotions in 
verbal communication. Applied procedures on a corpus in which different emotions are 
reproduced: alignment of phoneme duration and of pitch contour, refinement of the 
transformations by using a spectral conversion function (Drioli et al., 2003). 

3.3.4.1.4 Articulation 

Articulatory features quantify reductions and elaborations at the segmental layer. They can be 
used to determine the articulatory effort and correlate with the activity dimension. Many 
synthesis experiments could show that modification of prosodic or voice-quality features 
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alone had a great impact on emotional perception. Although this does not hold for articulation, 
many correlations could be shown. Also you have to take into account that these parameters 
were regarded in literature much less often (e.g. Kienast & Sendlmeier, 2000) then prosody 
and voice-quality. Furthermore it is far from straightforeward to modify articulation effort 
with a speech synthesizer.  

- De- or Centralisation of vowels: The articulatory effort of vowels can be determined 
by measuring the location of the first two formants. If they are more centralised (vowel 
target undershoot), the concerned vowel sounds reduced. In the opposite case (the 
formants are further from central position then their targets; vowel target overshoot) 
the vowel is elaborated. For comparison usually the mean formant locations of all 
occurances for each vowel are used. The relevance concerning emotional speech could 
be shown by several studies (Kienast & Sendlmeier, 2000, Murray & Arnott, 1993, 
Goldbeck et al., 1988, Van Bezooijen, 1984), which report more distinct opening and 
closing movements and a higher vowel quality for anger. 

- Articulatory effort for consonants: As a parameter to measure the reduction or 
elaboration of voiceless fricatives (Van Son &  Pols, 1999) suggested the ªspectral 
balanceº or ªcenter of gravityº which correlates (for voiceless fricatives) with the 
degree of the constriction  and can therefore be used to describe articulatory effort. 

- Coarticulation and phone-elision and –epenthsis: To quantify these phenomena their 
frequency can be measured (or generated by synthesis), based on a comparison with 
ªneutralº (more or less unemotional) speech. 

� �� �� �� � ( [ LVWLQJ�VSHHFK�V\ QWKHVLV�WHFKQRORJLHV�

Speech synthesis is a field of research that has received considerable attention for several 
decades. Basically three approaches are currently used in operational speech synthesis 
systems: formant synthesis, diphone-based synthesis and corpus based synthesis. These three 
technologies are briefly described and special emphasis is given to their capacity to convey 
emotions. 

One fourth method, articulatory synthesis, would be almost an ideal approach for emotional 
simulation as physiological models could be used directly, but is disregarded here as the 
resulting speech quality is yet far from sounding natural. This promising approach needs much 
more attention and investigation to be used as a speech-synthesis technology basis for usable 
speech generation. 

3.3.4.2.1 Formant synthesis 

Historically, the first technology that emerged was formant synthesis. This approach is based 
on the source-filter model which hypothesizes that the production of a speech signal results 
from the filtering of a source signal by the vocal tract. In such a model, the source signal 
comprises a periodic component representing the vibration of the vocal cords when voiced 
sounds are produced, as well as a noise component including phenomena such as frication, 
occlusion or turbulence in the airflow. The vocal tract is seen as a resonator which exhibits 
resonance frequencies also referred to as formants.  

The conception of a formant synthesiser boils down to the determination of the combination 
of source and vocal tract configurations which are needed in order to be able to produce the 
different classes of sounds that may occur in a given language. These are gathered into a set of 
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rules that are generally specified manually by experts, for which reason formant synthesis is 
also known as rule-based synthesis. 

The major drawback of formant-based synthesisers is their lack of naturalness with an output 
speech sounding "robot-like". This is essentially due to the fact that the rules used are only 
coarse representations of the speech signal which enable acceptable intelligibility but which 
are not capable of conveying the fine structure of the speech signal.  

However, an asset of such a technology is that formant synthesis offers an immediate access 
to acoustic features related to both the source and the vocal tract. So, it becomes possible to 
modify such parameters so as to convey emotions. In section 4, some of the numerous works 
aiming at enriching formant synthesisers for emotion restitution will be detailed. 

3.3.4.2.2 Diphone-based synthesis 

Instead of explicitly modelling the speech production mechanisms, concatenative synthesis 
generates synthetic speech by concatenating pre-recorded speech segments. In order to 
achieve an acceptable intelligibility, particular attention needs to be paid to preserve the 
coarticulation effects in speech, and so to protect the transitions between phones. A commonly 
used solution is to consider diphones (a diphone being a segment comprised between the 
middle of a phone and the middle of the following phone). In a diphone-based synthesis 
system, the database contains one instance of each diphone, recorded in a neutral type.  

Raw concatenation of diphones would result in an uttered synthetic speech which would not 
sound natural. This is essentially due to the lack of intonation or rhythm of the produced 
speech. So, it is mandatory to adjust the prosody of the speech segments before concatenating 
them. This is done through a prosodic modification module whose aim is to adapt the 
duration, the pitch and even the intensity of the selected diphones so as to respect a given 
target prosody. When moderate (<2) prosodic modification factors are used, such a technology 
gives acceptable results.  

However, the use of diphone-based synthesis for conveying emotions remains questionable 
for two main reasons: on one hand because the prosodic modification might be too important 
to preserve the naturalness of the synthetic speech and on the other hand because acoustic 
modifications (related to voice quality, formant locations, etc¼ ) is also highly desirable and 
state-of-the art diphone-based synthesisers cannot handle such sophisticated processing. 

3.3.4.2.3 Corpus-based synthesis 

Corpus-based speech synthesis, also known as unit selection synthesis, is the most recent 
technology used for speech synthesis, and is used in most current commercial systems. 

The recent increase of computational resources makes it possible to increase the size of the 
databases used by a concatenative synthesiser. The idea is to have a richer set of acoustic 
segments, not limited to a single instance of each diphone, but containing these units in 
different contexts (linguistic, prosodic, ¼ ). Then, the main step during the synthesis is to 
select the sequence of units which is best suited to the synthesis context.  

This selection process aims to satisfy two kinds of metrics: a target cost, which quantifies the 
suitability of a unit to the desired synthesis context and a concatenation cost which measures 
the compatibility of two adjacent units. Target costs generally have a symbolic nature 
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(phonetic, syllabic, or prosodic), while concatenation costs consist of an acoustic distance 
between adjacent units.  

The success of this technology comes from the fact that, given a representative speech corpus 
and an adequate unit selection module, it becomes possible to find sequences of units that fit 
reasonably well the desired synthesis context. Once selected, the units are concatenated with 
minor signal modifications and thus, the naturalness of the synthetic speech can be preserved. 

Currently, corpus-based synthesis has been successfully applied to vocal services where a 
reading style was required (email vocalisation, directory inquiry, etc… ). This success is 
essentially due to the fact that the prosody contained in the corpus is relatively well suited to 
that kind of applications. Moreover, corpus-based technology is even more pertinent for 
limited domain synthesis such as weather forecasts, travel booking, etc…  Indeed, in such 
applications, the speech corpora can be carefully designed in order to ensure that suitable units 
can always be found for any utterance to synthesise. This leads to very natural synthetic 
speech which sometimes becomes indistinguishable from human speech. 

It is commonly admitted that the more limited the domain is, the easier it is to design corpus-
based technology capable of producing synthetic speech close to human speech. Stated 
another way, it seems much more difficult to adapt a corpus-based technology so as to obtain 
synthetic speech with increased variability. One dimension of the speech variability is 
emotion and for the time being it is not clear that corpus-based techniques are suited to 
emotion restitution. 
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4 Review of key achievements in the thematic 
area 

4.1 Key Achievements in Perception 

Perception, and interpretation of emotional states from single modalities (bio-signals, audio, 
text and visual information) and from multiple modalities; 

� �� �� � %LR�6LJQDO�LQWHUSUHWDWLRQ�

Bosma and André (2004) describe an attempt to reveal the user©s intention from ambiguous 
dialogue acts by interpreting the emotional state of the user. The recognition of emotions is 
based on physiological user input. Integration of the multiple input modalities, i.e., language 
and emotion, is achieved by extending the approach of Johnston and Bangalore (2000) who 
employ finite-state transducers for this task. A first user study exemplifies how to endow 
interactive agents with emotional capabilities.  

Kim and André (2004) present a perceptual music composition system that aims at the 
controlled manipulation of a user©s emotional state. In contrast to traditional composing 
techniques, the single components of a composition, such as melody, harmony, rhythm and 
instrumentation, are selected and combined in a user-specific manner without requiring the 
user to continuously provide comments on the music employing input devices, such as 
keyboard or mouse. The user©s emotional state is measured by physiological sensors and 
interpreted in line with a dimensional model of emotions featuring the valence (positive vs. 
negative emotion) and arousal (high vs. low arousal). The composing system employs a 
genetic learning algorithm which is based on user-rated training data. 

Prendinger et al. (2003) report on the results of two experiments that employ physiological 
sensors as an input modality to an agent. The first experiment, an agent-guided mathematical 
game, reveals how an interface character with affective behaviour can significantly decrease 
user stress and frustration. In the second scenario, a character-based job interview, the user©s 
affective state is derived form the physiological data and mirrored by the agent in real time 
serving as a medium for supplying bio-feedback to the user. 

� �� �� � &RUSXV�EDVHG�SHUFHSWLRQ�P RGHOV�

Limited replay function from corpora annotation is exhibited in (Shi et al., 2004; Kipp, 2004).  

A corpus of multimodal behaviour (speech + 2D gestures) of users when interacting with a 2D 
agent is described in (Buisine & Martin, 2003). In a Wizard-of-Oz experiment, adults and 
children were videotaped while interacting with 2D animated agents within a game 
application. Each subject carried out a multimodal scenario (speech and/or pen input) and a 
speech-only scenario. The results confirm the usefulness of multimodal input, which yielded 
shorter scenarios, higher and more homogeneous ratings of easiness. Additional results 
underlined the importance of gesture interaction for children, and showed a modality 
specialization for certain actions. The data collected in this study are likely to provide a model 
of multimodal behaviour of children and adults using this kind of ECA game application. 
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An evaluation protocole for Individual Multimodal Behaviour of 2D Embodied Agents in 
Presentation Tasks was proposed in (Buisine et al., 2004). Multimodal strategies proved to 
influence subjective ratings of quality of explanation, in particular for male users. On the other 
hand, appearance affected likeability, but also recall performance. These results stressed the 
importance of both multimodal strategy and agent' s appearance to ensure pleasantness and 
effectiveness of presentation ECAs. 

Regarding multimodal databases, guidelines for multimodal corpora have been proposed in 
the ISLE project for both creating a multimodal resource (Knudsen et al., 2003) and defining 
an appropriate coding scheme (Dybkjær et al., 2003). 

In (Morlec et al., 2001) work on analysis and modelling of a number of attitudes in French, 
allowed them to establish a model capable of generating the expansion of prosodic 
movements at the sentence level. The present version of multi-parameter generative model 
generates a single prototypical contour for a given length and class of attitude. 

Multimodal database in the SmartKom project (Schiel et al., 2002; Behringer et al., 2002: 
speech, facial expression, and gesture; three different scenarios: public information booth, 
home scenario (programming of video), and mobil (tourist information on PDA). Recognition 
of emotions and integration of modalities shown with use cases, cf. (Streit et al., 2004).  

� �� �� � ( [ SUHVVLRQ�DQG�HP RWLRQ�SHUFHSWLRQ��

Quite some research has been done on expression and emotion perception. Most of the 
experiments have the same set up (Ekman & Friesen, 1975) a set of photographs of posed 
expression of emotions (or spontaneous expressions as is mostly the case nowadays) is shown 
to subjects. The subjects are asked to recognize the expressions. They show good results 
specially in recognizing and distinguishing facial expressions not involving the same facial 
movements (Ekman, 1982). For example anger and happiness are easily differentiated by 
subjects but fear and anger offer some confusion. One problem with facial expressions of 
emotion is to be sure that the expression is felt. Ekman and Friesen (Ekman & Friesen, 1982)  
have found differences in the display of felt and fake facial expressions. Fake emotion 
displays will be more asymmetric and their timing of appearance and disappearance (onset 
and off set respectively) are either too short or too  long. As for face recognition, expression 
recognition requires one to make abstraction of the face that displays it and view only the 
facial features. 

Several experiments look at how various gaze behaviour may act on the judgment of speaker' s 
personality. Depending on the conversational context, eye contact or eye avoidance can be 
interpreted differently (Argyle & Cook, 1976). The quantity of speaker' s nonverbal 
behaviours affects also the perception of the hearer. Another factor of influences is the 
function linking the signals coming from the different modalities: discrepancy between signals 
by the speaker may create ambiguity in listener' s understanding of the interaction while 
redundancy may have the the opposite effect in making sure the speaker' s message is very 
clear (Feyereisen & de Lannoy, 1991). 

One of the important question in modelling facial expressions and distinguishing between 
emotional expressions of artificial agents seems to focus on the exact nature of the 
information necessary. For example, how many facial features are needed to give a realistic 
impression of emotional expression. This question seems also of great importance for 
specifying the exact structure and size of any database for emotional displays.  



HUMAINE D6b 

HUMAINE   ,67�) 3� �&RQWUDFW�QR��� � � � � � ��22 

A study by Dittrich (1991) investigated whether the location and number of facial features 
visible would effect the perception of facial expressions when moving the face. Using 
biological motion displays it was found that even a small number of facial locations displayed 
would convey the emotional expressions. Even more importantly, he found that the 
distribution of facial locations visible could be random instead of defined facial features such 
as eyes, nose or mouth. In other words, many facial areas might be able to convey the 
characteristics of specific emotional expressions and one does not need the cover the full 
range of facial features or the full area of the face to express emotions realistically. 

� �� �� � ) DFH�3HUFHSWLRQ��

Research in face perception is a vast and complex area of study. Some work concentrates on 
recognizing individual identity (Young & Bruce, 1991), facial features, lip movement 
(Massaro & Cohen, 1990; Benoit et al., 1990, Summerfield, 1992), facial expression of 
emotion (Ekman and Friesen, 1975).Other studies try to recognize a face from a background, 
or to understand the process of recognizing familiar faces, of putting a name to a face (Young 
& Bruce, 1991). Other important branches of studies look at how emotions are perceived – 
what the roles of conversational signals and back-channels are (Ekman, 1982). 

� �� �� � 3HUFHSWLRQ�RI�%RGLO\ �( [ SUHVVLYLW\ ��

Researchers in social psychology have investigated how various influences affect perceived 
bodily behaviours, mostly through ad hoc measuring instruments constructed by narrowing 
down an extensive list of choices through coder reliability testing. 

Wallbott and Scherer (1986) had judges encode their impressions of behaviour along the 
following five categories: slow/fast, small/expansive, weak/energetic, small movement 
activity/large movement activity, and unpleasant/pleasant. In a later study, Wallbott (1998) 
found that besides static pose configurations, three dynamic dimensions could be reliably 
identified by observers: amount of movement activity, expansiveness/spatial extension, and 
movement dynamics/energy/power. Gallaher (1992) found four significant dimensions of 
variability in personal encoding style: expressiveness - energetic communication; animation – 
energy in acts not directly related to communication; expansiveness - use of space, elbow 
position; and coordination - smoothness, fluidity. Ball and Breese (2000) outline Collier' s 
finding on correlations between temporal and spatial tendencies in gesture/posture and 
personality/emotion – movement frequency and speed were related to emotional arousal, as 
was the size of overall body outline. A summary of Pollick' s research (2004) points out limits 
of dissecting movement features and ascribing discrete values to them: the degree and manner 
in which this style is dependent on spatial and temporal encoding is not trivial and varies 
between different movements. The importance of considering human posture as a 
communication channel has been stressed as well (Mehrabian, 1969; Harrigan, 1985). 

Traditionally, in AI it had been assumed that the limb structure is the most important feature 
for human-like movements. Dittrich (1993) was the first to report that expressivity can be 
conveyed by the movement trajectories of the human body completely independent of the 
limb structure of the body. This finding has since been confirmed repeatedly (see Dittrich 
1999). Furthermore, Dittrich et al. (1996) demonstrated that observers are able to recognise 
emotional states from dance movements. This finding implies that users might easily perceive 
emotions on the basis of ECAs interactions even if the movements are not direct expressions 
of emotional states. The implications are manifold for the generation of multi-agent models or  
ECAs. One implication is that there is much more freedom for generating agents with 
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personal style and emotional characteristics compared to the situation when one had to adhere 
to a fixed body structure in displaying emotions.  

� �� �� � ( [ SUHVVLYH�JHVWXUH�SURFHVVLQJ��

- Understanding what features of expressive gesture are mainly responsible for 
conveying expressive content. Possible relevant features may be found in studies by 
psychologists (e.g., Argyle, 1980; Wallbott, 1980; Pollick, 2004; Boone and 
Cunningham, 1998; Scherer, 2003; Krumhansl, 1997), by researchers on human 
movements and in the performing arts field, by theories from choreography (e.g., 
Laban, 1947, 1963) and music composition (e.g., Schaeffer, 1977). Experiments may 
be need for assessing the relevance of features.  

- Defining a methodology for analysis of expressive gesture. How to proceed in order to 
identify new expressive features? How to proceed in order to understand how 
expressive features affect communication of expressive content? 

- Defining a conceptual framework serving as reference for structuring the research 
work and possible technological development. Some work in this direction has been 
done in the VFP EU-IST Project MEGA (Camurri et al., 2004). 

� �� �� � $ XGLRYLVXDO�VSHHFK�SHUFHSWLRQ��

Three major research areas are present in image-assisted speech analysis techniques, i.e. face 
detection, facial feature extraction and fusion of the acoustic and visual information. Some of 
these bimodal methods employ shape-based approaches by tracing the contour of the subject' s 
lips. As a result, speaker independent speech analysis is relatively easy, since there is a 
straightforward relationship between articulation (or ªvisemeº) and lip shape. The viseme can 
be thought of being the equivalent to the phoneme in the auditory domain; however, a one-to-
one mapping between the two does not exist. Under a signal-to-noise ratio of -6dB, humans 
are only able to audibly distinguish consonants on the basis of voicing (voiced/voiceless) and 
nasality. In contrast, visual discrimination does not degrade with increasing acoustic noise. 

The last major problem is the fusion of two modalities. Audio and video events do not 
coincide temporally, since a speaker has to prepare for the articulation of each phoneme 
before it is made audible, and relax the articulation after the utterance is finished. In this 
context, while visual modalities are influenced this process, the corresponding audio events 
might not be recognizable or might take place at different times. 

� �� �� �� � ) LQGLQJV�IURP �VSHHFK�P RWLRQ�

In general, a bimodal audiovisual processing approach has twofold results, both in the 
temporal segmentation of a video sequence and in taking specific decisions regarding 
integration and perception. For example, pause detection can be utilized to break down speech 
in discrete tunes and indicate clips where visual information from the mouth area produces 
emotional content; reversely, the lack of motion in the mouth area can fortify the assumption 
of silence for a given clip or, in the presence of non-linguistic sound, utilize it as non-verbal 
information (e.g. a sigh). Research shows that the lip shape is altered not only in speech 
sections but also in non-speech sections (e.g. smiling), but the duration and speed are 
significantly less than the duration and speed during speech motion: speech motion almost 
always exceeds one second, while non-speech motion like mouth opening for breathing does 
not exceed one second. 
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Moreover, many of the current machine vision works regarding pupils involve the use of eye 
gaze tracking to determine the location of the subject's attention. These obtain the current 
point of the subject's attention, enabling the system itself to perform some action relative to 
the selected point of interest. In a man-machine interaction context, this may mean that the 
system is able to identify time segments where users respond to or address the system itself 
from segments where users interact with their environment, e.g. answer the phone or talk to a 
colleague standing nearby. 

� �� �� �� � %LP RGDO��DXUDO�±�YLVXDO��GHWHFWLRQ�

The fact that there are people who communicate without audio modalities is evidence that 
speech is readable, and that speech and motion are related; besides, it is well known that 
humans can take advantage of all available modalities for robust understanding. In this 
framework, McGurk showed that visual information influence speech recognition, known as 
the McGurk effect (Stork, 1996), while Potamianos (Potamianos, 2001) showed that visual 
information aids humans in recognizing speech in noisy environments.  

Several sophisticated speech-from-audio detection methods have been proposed (Junqua, 
1991; Naito, 1999), however, the accuracy of detected sections continues to be intrinsically 
disturbed by audio noise, and experiment results in literature (Junqua, 1991) confirm that 
audio noise affects detected sections. Besides this, literature shows that the accuracy 
degradation of speech detection further degrades the speech recognition rate. To enhance the 
robustness to audio noise, research has been carried out on bimodal speech recognition and 
detection (Potamianos, 2001; Kumatani, 2001; Murai, 2004). All of these works have shown 
that visual information can increase the recognition rate in noisy environments. 

Humans can also observe speech by shape changes of speech related organs. Related methods 
have employed shape-based approaches by tracing the contour of the lips, or detecting specific 
organs. In this way, speaker independent speech recognition and detection is easier, since 
there is a straightforward relationship between articulation (or ªvisemeº) and lip shape. 
However, shape tracing is a relatively expensive approach for real time applications. Most of 
today' s researches in bimodal speech recognition employ Fourier transformations of two-
dimensional images to extract feature vectors. These vectors are statistically analyzed, 
necessitating a larger database of feature vectors than a shape-based method.  

Another major problem is modalities fusion, especially given that there is a temporal 
difference between audio and video events. This is because a speaker has to prepare for the 
articulation of each phoneme before it is made audible, and relax articulation after the 
utterance is finished. In addition, while visual modalities are influenced by preparation, 
articulation, and relaxation, the corresponding audio modality events might not be observable 
or might occur at different times. To model phoneme and viseme level speech events with 
differences in the time domain separate visual and audio HMMs, trained separately before a 
composition step, have been proposed (Kumatani, 2001).  

� �� �� �� � 6SHHFK�DQG�0 RWLRQ�

To investigate the relationship between speech and motion, Murai (Murai et al., 2004) carried 
out an experiment, where a native Japanese speaker was instructed to read 520 isolated words 
separately. This work results in the following observations: 

(1) The images of lips or speech organs move as the speaker' s face moves, but the shapes 
remain intact; 
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(2) The lip shape is altered not only in speech sections but also in non-speech sections (e.g., 
the opening/ closing of the mouth for breathing), but the duration and speed are significantly 
less than the duration and speed during speech motion; 

(3) The duration of motion is related to the duration of audio modality speech, and the speech 
motion always exceeds one second; 

(4) Non-speech motion like the opening (closing) of the mouth for breathing does not exceed 
one second; 

(5) Speech motion starts no later than the audio modality speech, including the words, which 
begin with bilabials. And Speech motion lasts no sooner than audio modality speech, 
including words, which end with the nasals. 

(6) From these observations, speech can be identified by the durations of shape changes. 

� �� �� �  3HUFHSWLRQ�RI�UHODWLRQVKLSV�

An important characteristic for the user when confronted with an interactive system model or 
multi-agent model is the ability to interpret the exact relationship of the interactive agents. For 
example, one could imagine that one object/agent is either chasing or following another one. 
In addition, the objects' motions might convey some intentional properties to model social 
interactions. Some pioneering research in respect to the perception of the relationships 
between various agents in motion has been conducted by Dittrich and Lea (1994). They 
identified several separate factors, all of which contributed to the perception of intention 
motion of one agent among others (e.g. the type of movement, speed of movement). The fact 
that intentional motion depended on several separate factors suggests that intentionality is a 
rather complex concept. In spite of its complexity, however, Dittrich and Lea (1994) 
concluded that "the perception of intentionality can be a relatively immediate, bottom-up 
process, probably occurring quite early in the visual processing" (p.265). 

4.2 Key Achievements in Interaction 

� �� �� � ,QIOXHQFLQJ�WKH�XVHU
V�HP RWLRQDO�VWDWH�

Detecting frustration and trying to cope with it in a way that is helpful to the user is of specific 
interest because users often experience frustration when interacting with a computational 
system. Picard (2000) reports on a survey revealing that 80% of the user have witnessed their 
colleagues hurling abuse at their computers. Consequently, a number of frustration 
experiments have been conducted, (i) trying to measure frustration with the means of 
physiological sensors, and (ii) trying to address the user's frustration. 

Bosma and Andr�  (2004) show how to deliberately frustrate the user in a WOZ-tutorial 
scenario. A pedagogical agent is controlled by a wizard who follows a given script to induce 
frustration in the user. This scenario is primarily employed to investigate the relation between 
emotional and linguistic input.  

Prendinger et al. (2004) employ an animated interface agent to address the affective state of 
users. The impact of its empathic behaviour, which is a special form of affective response, is 
examined by deliberately frustrating the user during the game progress. They utilize 
physiological information of users in order to precisely associate the occurrence of interface 
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events with users autonomic nervous system activity. Their results indicate that empathic 
character response can significantly decrease user stress and that an affective behaviour may 
have a positive effect on users perception of the diffculty of a task. 

� �� �� � 0 LFUR�HYDOXDWLRQ� RI� WKH� GLIIHUHQW� SDUDP HWHUV� LQWHUYHQLQJ� LQ� DQ�
LQWHUDFWLRQ�

Besides audio signals (speech), there exist a number of nonverbal signs, like body movements, 
gestures and postures (body language) that influence emotion. In this section, different 
parameters of body language and its emotional meanings will be described 

The expression of the body language is many-sided. In general, it can be divided into three 
kinds. 

- Body language will be separately used for the expression of emotion. Such kind of 
body language is usually simple form of gestures, which can easily be recognized. But 
its meaning is usually quite different from one culture circle to the other. 

- Body language will be used as alternative to verbal signals. In such situation, body 
language usually supplement verbal signal, e.g. at the end of a sentence. Or the speaker 
talked without the last sentence, and complement it with a gesture. 

- Body language will be used in combination with verbal signal. The body movement 
and posture are involved in the conversation and builds as a part of the verbal 
expression. This kind of body language is the most used part of nonverbal sign. And 
the recognition and interpretation of this kind of body language (not only what he/she 
says, but also how he/she says) belong to the most important and difficult tasks in the 
communication interaction. 

The following appearance and meaning of expression were given in “ the Nonverbal dictionary 
of gestures, signs & body language cues”  (Givens, 2002).  

� �� �� �� � + HDG�P RYHP HQW�DQG�SRVWXUH�

- Head-Tilt-Back: Lifting the chin and looking down the nose are used throughout the 
world as nonverbal signs of superiority, arrogance and disdain. A derivative gesture of 
head-tilt-back is the “ chin jut”  -  an “ intention movement of forward attack” . 

- Head-Shake: Rotating the head horizontally from side-to-side. It is a universal sign for 
disagreement, or to show misunderstanding of a speaker’ s world. In an emotional 
conversation, arrhythmic, side-to-side rotation of the head is used to demonstrate 
cognitive dissonance, or emotional empathy. 

- Head-Nod: A vertical, up-and-down movement of the head. Usually used to show 
agreement of comprehension while listening. Rhythmically raised and lowered, the 
head-nod is an affirmative cue, widely used to show understanding, approval and 
agreement. Emphatic head-nods while speaking or listening may indicate powerful 
feeling of conviction, excitement, or superiority, and sometimes even rage. 

- Cut-Off: A form of gaze avoidance in which the head is turned fully away to one side. 
In a conversation, a sudden cut-off gesture may indicate uncertainty or disagreement 
with a speaker’ s remark. Sustained cut-off may reveal shyness or disliking. 
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- Gaze-Down: Rotating the eyeballs to a downward position and bowing or tilting the 
head forward so that the eyes face the ground or floor. This head posture may convey a 
defeated attitude. It may also reflect guilt, shame, or submissiveness. When sustained 
(i.e. held longer than two seconds), a body movement such as a bowed-head may be 
considered a posture which is frequently more expressive of attitude, feeling, and 
moods than are briefer gestures and fleeting motions of the body. 

� �� �� �� � + DQG�P RYHP HQW�DQG�SRVWXUH�

Hands are the well-known body part for pointing at, grasping and manipulating of objects. On 
the other hand, hands are the talented communicator to illustrate and express feelings and 
emotions. Hands and fingers are connected to the emotional centre of the brain (Greenfled, 
2001).  

- Fist: Clenched fists signal an aroused emotional state, as in anger, excitement (e.g. to 
cheer on a football team), or fear. In a business meeting, unconscious fisting is a 
visible sign of anxiety or unvoiced disagreement. 

- Steeple: A position in which the tactile pads of the fingertips of one hand gently touch 
their counterparts on the other. This gesture may be used while listening, speaking or 
thinking, to entertain a provocative or novel idea, or to contemplate a creative solution 
to problems at hand, or to show that one is listening thoughtfully to a colleague' s ideas 
and comments. 

- Parallel Palms: A common variant of the steeple cue. This gesture will usually be 
used by talking to present arguments which they believe to be cogent, sound, and 
valid. Thus, parallel palms is an ªexplodedº version of the steeple cue, in which a 
speaker' s open hands are extended and aggressively shaken as listeners to show 
precise thought and strong emotional conviction about the thought' s validity. 

- Palm-Up: A gesture made with the opened palm raised to an appealing, imploring, or 
ªbeggingº position. Palm-up cues reflect moods of congeniality, humility, and 
uncertainty. Uplifted palms suggest a vulnerable or non-aggressive pose which appeals 
to listeners as allies, rather than as rivals or foes. 

- Point: Extending an index finger to indicate the presence or location of objects, 
features, or forces; Stiffening a forefinger to direct attention to people, places, or 
things. At close quarters, pointing at another human being is almost universally 
considered an aggressive, hostile, or unfriendly act. 

- Self-touch: The act of establishing physical contact with one' s own clothing or body 
parts (esp. hands to face). People unconsciously touch their bodies when emotions run 
high to comfort, relieve, or release stress. Lips are favourite places for fingertips to 
land and deliver reassuring body contact. This may signal deception, disagreement, 
fear, or uncertainty. 

� �� �� �� � %RG\ �P RYHP HQW�DQG�SRVWXUH�

- Body-Wall: As expressive cues, body-bend postures are more fundamental as mood 
signs than are leg and arm postures. Unaffected, unintended, and unconscious, they are 
among the most reliable indicators of mood. Bowing - e.g. flexing the signal column 
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forward ± is a protective response which also shows submissiveness. Rearing ± 
extending the spine backward ± conveys arrogance and disdain. 

- Should-Shrug: To shift, raise, or flex-forward one or both shoulders in response to 
another person' s statement, question, or physical presence; or to one' s own inner 
thoughts, feelings, and moods. The shoulder-shrug is a universal sign of resignation, 
uncertainty, and submissiveness. Shrug cues may modify, counteract, or contradict 
verbal remarks. The shrug gesture bears an interesting relationship to English word 
ªjustº. (conveys a feeling of powerlessness and uncertainty as to motive. 

- Arm-Cross: Folding the arms over the lower chest or upper abdomen. This is a self-
comforting, self-stimulating posture, unconsciously used to alleviate anxiety and social 
stress. 

� �� �� � 5 HFRJQL] LQJ�WKH�HP RWLRQDO�GLVSOD\ �RI�D�V\ VWHP �

To have an impact on the interaction with the user, the emotional display of a system must be 
recognizable by the user as such. A distinction must be made between the aim to provide life-
like or stylized emotional actions. Even if user©s are able to recognize the emotions conveyed 
by the system it remains to be shown if this has an effect on the (i) the interaction between 
user and system and (ii) on the user©s own emotional state. 

Oudeyer (2003) presents a robot that is able to express its emotions by modulating the 
intonation of its voice. Some simple and efficient algorithms provide cartoon-like speech by 
using concatenative speech synthesis. A user study reveals that users are able to recognize the 
intended emotion. 

Lester et al (2000) present the pedagogical agent Cosmo that exhibits stylized emotional 
displays for specific situations like congratulatory acts. User©s reported that they recognized 
the emotional displays and found them entertaining but highly exaggerated. Nevertheless, 
there was a positive effect especially of the congratulatory actions. 

Paiva et al (2003) show in their SenToy environment that users are able to interpret and reason 
about the emotions of a computational system. The SenToy allows user to influence the 
emotional state of game characters by the means of a tangible interface. The user©s first task in 
this scenario is to learn the relation between the movement of the interface puppet and the 
emotional state of the game character on the screen.  

� �� �� � $ UWLILFLDO�0 HP RU\ �DQG�$ WWHQWLRQ��

Although some form of memory is frequently used in the animation of agents, social or 
otherwise, few systems have specified explicit models. To date, many systems that do use 
explicit memory systems do so to solve agent navigation problems. Few, if any, memory 
systems for synthetic agents incorporate any form of emotion modulation. 

Renault et al. (1990) and Noser et al. (1995) use perception and memory for solving an agent 
navigation task. Renault et al. (1990) introduce a synthetic vision system for the high level 
animation of agents. The goal of the system in this case is to allow the actor to move in a 
corridor, avoiding objects and other synthetic actors. The scene is rendered from the point of 
view of the actor, and the output is stored in a 2D array. Noser et al. extend this model by 
adding memory and learning mechanisms. They consider the navigation problem as being 
comprised of two parts: global navigation and local navigation. Global navigation uses a 
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simplified map to perform high-level path-planning which may not reflect recent changes to 
the environment. In order to deal with this, the local navigation algorithm uses direct 
perception from the environment to achieve goals and sub-goals set by the global navigation 
system, and to avoid unexpected obstacles. Memory itself is an octree data structure 
representing the 3D environment; it is constructed from the 2D image and the depth 
information. This data structure represents an actor' s long-term visual memory of the 3D 
environment, and can handle static and dynamic objects. Using this long-term memory 
representation, an actor can find 3D paths through the environment avoiding impasses. 

Kuffner and Latombe (1999) also present a perception-based navigation system for animated 
characters based on agents visual perception and memory. The visual system provides a 
feedback loop to the overall navigation strategy. The approach taken is similar to that in Noser 
et al. An unlit model of the scene is rendered from the character' s point of view using a unique 
colour assigned to each object or object part. These objects and their locations are added to the 
character' s internal model of the environment. A record of perceived objects and their 
locations is kept as the character explores an unknown virtual environment, providing a type 
of spatial memory for each character. Unlike Noser et al., this method relies on the object 
geometry stored in the environment and a list of objects'  IDs and positions, resulting in a 
relatively compact and fast representation of each character' s internal world. Previously 
unobserved objects are added to the character' s list of known objects, and other visible objects 
are updated with their current transformation. Objects that were previously visible but are no 
longer in view retain their most recent observed transformations. 

Musse and Evers (2002) have presented a system for the storage of an agent' s memory. The 
memory model keeps a record of past experiences by using dynamic and hierarchical finite 
state machines to store a list of behaviours that were previously executed by the virtual 
human. Each task that the agent has performed is then represented as a node in a finite state 
machine and may be queried at a later time in the simulation. Unlike previously reviewed 
work on agent memory, this system caters for event-based memory as opposed to object-based 
memory. 

Attention models have been used as a basis for providing automatic gaze behaviours for 
specific situations, such as a virtual helicopter pilot in a combat environment (Hill, 1999) or 
conversational agents in social situations (Cassell & Vilhjálmsson, 1999; Poggi et al., 2000). 
These models aim to achieve plausible animations of agents in different situations, for 
example during discourse (Cassell & Vilhjálmsson, 1999; Poggi et al., 2000), or free viewing 
conditions in an environment (Chopra-Kullar, 1999; Gillies, 2001). We will now look at some 
of these systems in greater detail. 

� �� �� � 3HUFHSWXDO�$ WWHQWLRQ�

Hill (1999) provides a model of perceptual attention in order to create virtual human pilots for 
military simulations that are cognitively plausible. Of particular interest in this work is the 
approach towards modelling the pilot' s perception of objects in the scene. Objects are grouped 
according to various criteria, such as type and proximity. The granularity of object perception 
is then based on the attention level and goals of the pilot. If the virtual human pays more 
attention to an object, then more of its properties become available for querying. The aim of 
this work is to provide plausible behaviour for the helicopter; animation of head and eye 
movements of a humanoid model is not considered. 
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� �� �� � * HQHUDO�$ WWHQWLRQ�

Aside from automating gaze behaviours for conversational behaviour, more recent research 
has been focused towards modelling more general attention behaviours for human character 
animation (Chopra-Kullar, 1999; Gillies, 2001). For example, while standing in a natural 
environment, an agent may look at objects or locations of interest. These locations may be 
based on current goals or may obtain the agent’ s attention in other ways. Gaze behaviours 
generated in such a manner are integral to the attention process and may feed back into it 
rather than merely byproducts, as is the case with gaze generation for conversational agents. 

Chopra-Khullar (1999) presents a computational framework for generating realtime visual 
attention behaviour in a simulated human agent based on observations from psychology, 
human factors and computer vision. The AVA, or Automated Visual Attending, system is 
composed of a three-level attention hierarchy, allowing eye movement patterns to be 
combined and interact with each other and with attention capturing events. At the top of 
hierarchy are intentional tasks. Tasks are supplied to the system in the form of text, for 
example pick up the newspaper. The locations of objects to look at in these deliberate tasks 
are queued into an Intention List. This top level of the hierarchy has precedence over the 
lower levels. The second level of the hierarchy handles exogenous behaviours, or behaviours 
invoked by stimuli external to the character. Peripheral motion and flashing lights are the 
main stimuli considered; peripheral motion locations are entered into a peripheral motion list 
or Plist. The final level, with lowest precedence, consists of idle viewing. Idle viewing mode 
is activated when there are no tasks at hand and attention is being captured in a bottom-up 
manner.  

Gillies (2001) presents a simulation of what a character is attending to in the environment in 
order to generate, among other behaviours, navigation and eye movements. Attending 
behaviours are generated in an object-centric manner; ray-casting is used for occlusion testing 
and retinal images are not considered. Objects contain basic properties that are defined as 
comms and agents. They also contain features that represent more abstract concepts such as 
beauty and interest. Each object has a variable number of features and new features can be 
added by the user. Every feature has a corresponding probability that determines its chance of 
being looked at. The system does not attempt to attribute any meaning to object properties; 
actors are programmed to show more interest in some properties than in others. Attention is 
modelled through the interactions of numerous attention agents that are controlled and 
arbitrated by a central attention manager. In contrast to a request queuing methodology, agents 
send attention requests to the attention manager. Four types of attending behaviour are 
implemented: immediate, monitor, search and undirected. Request types are prioritised in that 
order. Undirected looking has the lowest priority and is activated only if the character has 
nothing else to attend to. This work builds on that by Chopra-Khullar (1999) by allowing 
current attention behaviours to be interrupted. For example, if the actor’ s attention is caught 
by a peripheral task, the actor will wait until it can attend to the task before performing it. In 
this way, gaze-task synchrony is maintained. Memory and image-based attention are not 
considered. 

4.3 Key Achievements in Generation 

� �� �� � ( P ERGLHG�&RQYHUVDWLRQDO�$ JHQWV��

Multimodal speech systems and animated agents have been created for the personalization of 
user interfaces (Cassell et al. 1994; Chopra-Khullar and Badler 1999; Pelachaud and Prevost 
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1994; Rist, Andr� , and Müller 1997) and for pedagogical tasks (Badler et al 2000; Lester et al. 
2000; Rickel and Johnson 1999), exhibiting nonverbal behaviours such as pointing gestures, 
gaze, and communicative facial expressions. The links between facial expression and 
intonation (Pelachaud and Prevost 1994) and between facial expression and dialogue situation 
(Cassell et al. 1994; Cassell et al. 1999; Thórisson 1997, Krahmer et al 2003) have been 
studied, and a method to compute automatically some of the facial expressions and head 
movements performing syntactic and dialogic functions has been proposed.  

� �� �� �� � IDFH�WR�IDFH�FRQYHUVDWLRQ�

In particular, to simulate face-to-face conversation with a user in real time, Nagao and 
Takeuchi (1994) categorize facial expressions based on their communicative meaning, 
following Chovil©s (1991) work. The system is able to understand what the user is saying 
(within the limits of a small vocabulary) and to answer the user. The synthetic agent speaks 
with the appropriate facial expression: for example, the head is nodding in concert with Yes 
and a facial shrug is used as an I don't know signal. Ymir (Thórisson 1997) is an architecture 
to simulate face-to-face conversation between the agent Gandalf and a user. The system takes 
as sensory input hand gesture, eye direction, intonation, and body position of the user. 
Gandalf©s behaviour is computed automatically in real time. He can exhibit context-sensitive 
facial expressions, eye movement, and pointing gestures as well as generate turn-taking 
signals. Nevertheless, Gandalf has limited capacity to analyze the discourse at a semantic level 
and therefore to generate semantically driven nonverbal signals. Rea, the real estate agent 
(Cassell et al., 1999) is able of multimodal conversation: she can understand and answer in 
real time. She moves her arms to indicate at a particular element in the image, to take the turn. 
She uses gaze, head movements, and facial expressions for functions such as turn taking, 
emphasis, and greetings as well as for back channel to give feedback to the user speaking to 
her. Even though Rea is able to do very sophisticated behaviours, she does not exhibit 
nonverbal behaviours for performative.  

� �� �� �� � 3UHVHQWHU�

PPP Persona (Andr�  et al., 1998), a 2-D animated agent, has been created for the 
personalization of user interfaces. This agent is able to present and explain multimedia 
documents and to select which material to present to the user. He or she exhibits nonverbal 
behaviours such as deictic gestures and communicative facial expressions. In this work, the 
emphasis is on the discourse generation that also includes information on the relation between 
text and the images that illustrate it. Later on the authors enhanced their system to include 
animated characters that expose multimedia information to the user (Andr�  et al. 2000). 

Noma and Badler (1997) developed tools to create a virtual human presenter based on Jack, 
an animated agent system. The tools allow the user to specify gesture, head movement, and 
other nonverbal behaviours within the text that the presenter should make. A set of markup 
elements was developed to describe the different gestures accompanying the presenter©s 
speech. The animation is then performed synchronized to speech in real time. The 
specification of the markup within the text is done manually, not automatically.  

� �� �� �� � $ JHQW�LQ�LQWHUIDFH�

The Olga project (Beskow, 1997) integrates conversational spoken dialogue (i.e., speech 
recognition and natural language understanding), 3-D animated facial expressions, gestures, 
lip-synchronized audiovisual speech synthesis, and a direct manipulation interface. In the 
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human-human communicative process, verbal and nonverbal signals are active. One chooses 
the appropriate signal to display from an internal state, goal to achieve, and mental state but 
also from the context where the conversation is taking place, the interlocutors, and the 
relationship with the interlocutor.  

Takeuchi and Naito (1995) introduced the notion of "situated facial displays." Situatedness 
means that the system not only follows its internal logic but is also affected by external 
events. External events include reactions of users, arrival of a new user interacting with the 
system, actions done by one of the users, and so forth. These events are perceived using a 
vision module that detects when users enter its field of view and track users' gaze and head 
behaviour. As in Nagao and Takeuchi's system (1994), facial displays, called "actions" here, 
are computed based on their communicative meaning, and their choice depends on the internal 
logic of the system. On the other hand, "reactions" correspond to behaviours invoked by the 
system as a reaction to a new external event: the 3-D agent will turn his head fast to look at 
the user moving in front of him. The facial animation module outputs the 3-D face model.  

� �� �� �� � ( P RWLRQDO�DJHQW�

Several talking heads able to show emotions have been developed. In particular, Kshirsagar 
and her colleagues (2001) have developed an agent that is able to react to the user' s emotion 
detected through his facial expressions. This reaction is based on a computational model of 
emotion behaviour that integrates a personality model. Carmen' s Bright IDEAS (Marsella et 
al., 2001) is an interactive drama where characters exhibit gestures based on their emotional 
states and personality traits. Through a feedback mechanism a gesture made by of a character 
may modulate her affective state. A model of coping behaviours have been developed by 
Marsella and Gratch (2003). The authors propose a model that embeds information such as the 
personality of the agent, his social role.  

� �� �� �� � 1 RQYHUEDO�SURGXFWLRQ�

Cassell and Vilhj� lmsson (1999) present the BodyChat system, which automates the 
animation of communicative behaviours based on context analysis and discourse theory. It 
allows users to communicate via a text interface while the avatars automatically animate with 
appropriate gaze, salutations, turn taking and facial expressions. Cassell et al. (2001) have also 
presented BEAT, a toolkit for the animation of expressive behaviours. The toolkit 
automatically selects appropriate gestures, facial expressions, pauses for an input text and 
provides synchronisation information that is necessary to animate the behaviours in 
conjunction with the character' s speech. The toolkit' s gaze generator is based on an algorithm 
from Cassell and Torres (1999) that accounts for the relationship of gaze behaviour to turn-
taking and information structure. Poggi et al. (2000) generate coordinated linguistic and gaze 
communication for the simulation of a dialog between two agents. Gaze functions are 
analysed according to their functional meaning. For example, if an agent were to say ªthat 
umbrella is brownº, it may accompany the utterance with a glance towards the umbrella 
object. Communicative acts are defined by meanings and signals; the signal is the nonverbal 
expression of that meaning. 

� �� �� �� � 3HUVRQDOLVHG�DJHQW�

In an attempt to model cultural behaviour for a talking head, Scott King et al. (2003) has 
proposed a simple model using a table of correspondence between a given meaning and its 
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associated behaviours. Scott King built such a table for each culture he considered (English 
and Maori). We are aware of very few other attempts. 

The role of social context in an agent' s behaviour have been considered. Poggi et al. (2001) 
propose a model that decides whether an agent will display or not her emotion depending on 
several contextual and personality factors. Prendinger et al (2002) integrate contextual 
variables, such as social distance, social power and thread, in their computation of the verbal 
and nonverbal behaviour of an agent. They propose a statistical model to compute the 
intensity of each behaviour. Rist and Schmitt (2003) modelled how social relationship and 
attitudes toward others affect the dynamism of an interaction between several agents. 

� �� �� �� � 1 RQYHUEDO�EHKDYLRXU�JHQHUDWLRQ�IRU�( &$ V�

Gesture production in ECAs has been investigated in recent years as well (Lebourque & 
Gibet, 1999; Cassell et al., 2001). In the gesture community, much of the work to date has 
only been concerned with semantic aspects of human gesturing, often following McNeill’ s 
method of classification (McNeill, 1992), but inter-subject variability has not been addressed 
sufficiently. Kopp (2002) has elaborated the most complete system of coverbal gesture 
production. 

Pelachaud et al. (2002) have created an Embodied Conversational Agent, Greta, that 
incorporates communicative conversational aspects. To determine speech-accompanying non-
verbal behaviours the system relies on a taxonomy of communicative functions  proposed by 
Isabella Poggi (2001). The representation language Àffective Presentation Markup Language' 
(APML) is used to control the agent’ s behaviour. The system takes as input the text (tagged 
with APML) the agent has to say. The system instantiates the communicative functions into 
the appropriate signals. The output of the system is the audio and the animation files that drive 
the facial model. 

The NECA project (Krenn et al., 2002) developed web-enabled interactions between ECAs. 
Dialogues are generated by a sequential modular architecture consisting of scene generation 
(including an affective reasoning engine), multimodal natural language generation (generating 
verbal content and meaning-carrying gestures), speech synthesis, gesture alignment, and 
player-specific rendering. The entire information transported between the modules is encoded 
using the rich representation language RRL (Piwek et al., 2002). Two application scenarios 
have been developed and are accessible online: eShowroom, a simulated car sales dialogue; 
and Socialite, dialogues in a social domain, embedded in a student community application. 
Both can be accessed via the Demonstrators section of the HUMAINE portal. 

� �� �� � ( [ SUHVVLYH�%HKDYLRXU�

Chi et al. (2000) have implemented Laban principles of Effort and Shape to render gesture 
performances more expressive by varying kinematic and spatial spline properties of existing 
keyframed actions. An extension (Buyn & Badler, 2002) has been proposed to use Effort 
parameters to modify facial animation data streams in MPEG4 FAP format. Additionally it is 
attempted to tie the EMOTE system to OCC and OCEAN models of emotion and personality 
(Allbeck & Badler, 2002). Another recent approach using OCC and OCEAN models to drive 
agent facial animation is presented in (Egges et al., 2002). Barrientos (2002) proposes a 
mechanism for extracting expressive or emotional parameters from an analysis of handwriting 
and then using these parameters to control the gesturing of an agent through multi-step-
interpolation between predefined animation clips. Noot and Ruttkay’ s GESTYLE (2004) 
chooses between atomic behaviours based on ‘style dictionaries’ . The idea of adaptating 
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existing gestures is also introduced but not described in detail. Fiume and Neff (2002) have 
presented a convincing simulation of muscle tension. Earlier notable examples of generating 
expressive movement include Perlin and Goldberg' s use of noise functions (Perlin & 
Goldberg, 1996), and Bruderlin et al.' s use of signal processing techniques to change 
frequency characteristics (Bruderlin et al., 1985). 

� �� �� � $ XGLR�DQG�9 LVXDO�H[ SUHVVLYH�VSHHFK�V\ QWKHVLV�

Due to the specificities of different synthesis approaches, it makes sense to group work 
according to the synthesis approach used. 

� �� �� �� � ) RUP DQW�V\ QWKHVLV�

Several larger undertakings (Cahn, 1989, 1990; Murray, 1989; Murray & Arnott, 1995; 
Burkhardt, 2000; Burkhardt & Sendlmeier, 2000) have used Formant synthesisers because of 
the high degree of control that they provide (see above). These include the first ones, from 
1989: Janet Cahn' s Affect Editor (Cahn, 1989, 1990), and Iain Murray et al.' s HAMLET 
(Murray, 1989; Murray & Arnott, 1995). Both used DECtalk as a formant synthesis system, 
providing dedicated processing modules which adapt their input according to the acoustic 
properties of a number of emotions. In both cases, the acoustic profile for each emotion 
category was derived from the literature and manually adapted. While the Affect Editor 
requires the input to be manually annotated, HAMLET processes its input entirely by rule.  

Within the VAESS project (ªVoices, Attitudes and Emotions in Speech Synthesisº), which 
ran from 1994 to 1996, emotional expressivity was to be added to a formant synthesiser. 
Montero et al. (1998) report reasonable success for the modelling of three emotions (hot 
anger, happiness, and sadness) in Spanish using global prosodic and voice quality parameter 
settings. 

Felix Burkhardt (2000; Burkhardt & Sendlmeier, 2000), has also chosen to use formant 
synthesis, despite the reduced naturalness, because of the high degree of flexibility and control 
over acoustic parameters that this technique provides. His systematic, perception-oriented 
approach to finding good acoustic correlates of emotions for German consisted of two main 
steps. In a first step, he systematically varied five acoustic parameters known to be related to 
emotion, without using prior knowledge from the literature about the best parameter values for 
a given emotion. The resulting stimuli were presented in a perception test, providing 
perceptually optimal parameter values for each emotion studied. In a second step, these 
optimal values were taken as the basis for the exploration of a wider set of parameters, 
inspired from the literature. The resulting variants were presented in another perception test, 
leading to the formulation of refined prosody rules for the synthesis of the emotions studied. 

Gobl and Ní Chasaide (2003) used formant synthesis in a basic research setup to investigate 
the effect of closely controlled voice quality configurations on perceived affect. Listeners'  
reactions to an utterance synthesised with seven different voice qualities were elicited in terms 
of pairs of opposing affective attributes. The voice qualities included harsh voice, tense voice, 
modal voice, breathy voice, whispery voice, creaky voice and lax±creaky voice. These were 
synthesised using a KLSYN88a formant synthesiser, and the voice source parameter settings 
were guided by prior analytic studies as well as auditory judgements. Results suggested that 
voice qualities are considerably more effective in signalling milder affective states than the 
strong emotions. It became clear that there is no one-to-one mapping between voice quality 
and affect: rather a given quality tends to be associated with a cluster of affective attributes. 
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� �� �� �� � ' LSKRQH�EDVHG�V\ QWKHVLV�

Fundamental to every attempt to use diphone synthesis for expressing emotions is the question 
whether F0 and duration are sufficient to express emotion, i.e. whether voice quality is 
indispensable for emotion expression or not. Interestingly, very different results were obtained 
by different studies. While Vroomen et al. (1993), Edgington (1997), Montero et al. (1999), 
Schröder (1999), Murray et al. (2000) and Stallo (2000) report that synthesised emotions can 
be recognised at least reasonably well, Heuft et al. (1996) and Rank & Pirker (1998) report 
recognition rates close to chance level. The reason may be that there is no simple general 
answer: Montero et al. (1999) reported that for a given speaker, the relative contribution of 
prosody and voice quality to emotion recognition depends on the emotion expressed, and 
Schröder (1999) has found evidence that this may, in addition, be speaker-dependent. In other 
words, there seem to be speaker strategies relying mostly on F0 and duration for expressing 
some emotions, and these can be successfully modelled in diphone synthesis. Whether this is 
true for all types of emotion is not clear yet. 

One approach to emotional speech synthesis with diphones, used by Vroomen et al. (1993), 
Heuft et al. (1996), Edgington (1997), Montero et al. (1999), Schröder (1999), Boula de 
Mareüil et al. (2002), and Bulut et al. (2002), is copy synthesis: F0 and duration values are 
measured for each speech sound in a given utterance (usually an actor' s portrayal of an 
emotion), and used for synthesising the same utterance from diphones. The result is a 
synthetic utterance with the same F0 and duration values as the actor' s speech, but the voice 
quality determined by the diphones. This technique is suitable for modelling what humans do 
as closely as possible with the given parameter set. Whether that is the best way to obtain 
perceptually optimal, believable expressions can be questioned, though: for example in the 
domain of animated characters, it has been observed that features occurring in human 
expression need to be exaggerated in synthetic expression in order to be believable (Bates, 
1994; Oudeyer, 2002). 

A more ambitious approach is the formulation of prosody rules for emotions (Mozziconacci, 
1998; Mozziconacci & Hermes, 1999; Rank & Pirker, 1998; Iriondo et al., 2000; Murray et 
al., 2000; Stallo, 2000; Boula de Mareüil et al., 2002), which is discussed below. 

Schröder (2004; to appear) enhanced diphone synthesis with the ability to change voice 
quality by using diphone voices recorded with three levels of vocal effort (Schröder & Grice, 
2003). He modelled emotions in terms of the emotion dimensions activation, evaluation and 
power rather than emotion categories. Based on a corpus analysis, he formulated rules for 
expressing emotions with varying intensity and validated them in a perception test. 

� �� �� �� � &RUSXV�EDVHG�V\ QWKHVLV�

The feature of unit selection synthesis to preserve the properties of the recorded speech very 
well has been exploited by Akemi Iida et al. (2000) for the synthesis of emotional speech. For 
each of three emotions (anger, joy, and sadness), an entire unit selection database was 
recorded by the same speaker. In order to synthesise a given emotion, only units from the 
corresponding database are selected. The emotions in the resulting synthesised speech are well 
recognised (50-80%). Lewis Johnson et al. (2002) pursued a similar approach. They employed 
limited domain synthesis for the generation of convincing expressive military speech, in the 
framework of the Mission Rehearsal Exercise project. The styles, each recorded as an 
individual limited domain speech database, were shouted commands, shouted conversation, 
spoken commands, and spoken conversation. In a perception test, the perceived naturalness of 
the intonation of the synthesised utterances approached that of natural utterances, more so for 
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commands than for conversational speech. An other example is the project CHATR. CHATR 
is a natural speech re-sequencing synthesis system that incorporates naturally read continuous-
text materials as a source database for concatenative unit selection. (Iida & al 2003). 

A different, theoretically more demanding approach is to select the material appropriate for 
the targeted emotion from one database. The equivalent of prosody rules is then used as 
selection criteria. This has been attempted by Campbell & Marumoto (2000), who used 
parameters related to voice quality and prosody as emotion-specific selection criteria. The 
results indicated a partial success: Anger and sadness were recognised with up to 60% 
accuracy, while joy was not recognised above chance level. 

� �� �� �� � 3URVRG\ �UXOHV�HP SOR\ HG�

In the literature concerned with emotional speech synthesis, global prosodic parameters are 
often treated as universal, culture-independent cues for emotion. While this claim can 
certainly be the subject of debate, there seems to be some support for it (Chung, 1999; Tickle, 
2000; Scherer et al., 2001), at least as long as the number of available emotion categories is 
small. 

At least in formant and diphone synthesis, prosody rules are at the heart of automatically 
generated emotional expressivity in synthetic speech. Such rules have been obtained in a 
number of ways by different authors. Cahn (1990), Murray & Arnott (1995), Rank & Pirker 
(1998), Murray et al. (2000), and Stallo (2000) have extracted rules from the literature; 
Montero et al. (1998), Mozziconacci & Hermes (1999), Iriondo et al. (2000), Campbell & 
Marumoto (2000), and Boula de Mare� il et al. (2002) have carried out their own corpus 
analysis; and Mozziconacci (1998) and Burkhardt & Sendlmeier (2000) have obtained 
perceptually optimal values by systematic parameter variation in synthesis. 

The types of parameter modelled vary greatly between different studies. All studies agree on 
the importance of global prosodic settings, such as F0 level and range, speech tempo and 
possibly loudness. Some studies try to go into more detail about these global settings, 
modelling e.g. steepness of the F0 contour during rises and falls (Cahn, 1990; Murray & 
Arnott, 1995; Iriondo et al., 2000; Stallo, 2000), distinguishing between articulation rate and 
the number and duration of pauses (Cahn, 1990; Murray & Arnott, 1995; Montero et al., 1999; 
Iriondo et al., 2000), or modelling additional phenomena like voice quality (Cahn, 1990; 
Murray & Arnott, 1995; Rank & Pirker, 1998; Iriondo et al., 2000; Murray et al., 2000; 
Campbell & Marumoto, 2000; Burkhardt & Sendlmeier, 2000) or articulatory precision 
(Cahn, 1990; Murray & Arnott, 1995; Rank & Pirker, 1998; Burkhardt & Sendlmeier, 2000). 
A further step is the consideration of interactions with linguistic categories, like further 
distinguishing between the speech tempo of vowels and consonants (Murray & Arnott, 1995; 
Rank & Pirker, 1998; Stallo, 2000), or of stressed and unstressed syllables (Murray & Arnott, 
1995; Burkhardt & Sendlmeier, 2000; Stallo, 2000), or the placement of pauses within 
utterances (Cahn, 1990). The influence of linguistic prosodic categories, like F0 contours 
(Mozziconacci & Hermes, 1999; Burkhardt & Sendlmeier, 2000), is only rarely taken into 
account, although these have been shown to play an important role in emotion recognition 
(Mozziconacci & Hermes, 1999; Burkhardt & Sendlmeier, 2000). Table 1 presents a short 
overview of prosody rules that have been successfully employed to express a number of 
emotions. Instead of a reduced summary of all the rules employed in different studies, one 
successful modelling example per emotion is presented in detail, along with the recognition 
rate obtained. 
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In an alternative approach, Schröder (2004) used rules mapping directly from emotion 
dimensions onto acoustic parameters, without passing via emotion categories. Table 2 
presents the essential data required to express emotions in a speech synthesis system using 
emotion dimensions as proposed by Schröder (2004). The columns represent the emotion 
dimensions, while the rows list all the acoustic parameters for which emotion effects are 
modelled. The numeric data fields represent the linear coefficients quantifying the effect of 
the given emotion dimension on the acoustic parameter, i.e. the change from the neutral 
default value. As an example, the value 0.5% linking Activation to rate means that for an 
activation level of +50, rate increases by +25%, while for an activation level of -30, rate 
decreases by -15%. 
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( P RWLRQ�
Study 

Language 
Rec. Rate�

3DUDP HWHU�VHWWLQJV�

- R\ �
Burkhardt & 
Sendlmeier 

(2000) 
German 

81% (1/9)�

) � �P HDQ: +50% 
) � �UDQJH: +100% 
7HP SR: +30% 
9 RLFH�4 X�: modal or tense; "lip-spreading feature": F1 / F2 +10% 
2 WKHU: "wave pitch contour model": main stressed syllables are raised 
(+100%), syllables in between are lowered (-20%) 

6DGQHVV�
Cahn (1990) 

American English 
91% (1/6)�

) � �P HDQ: "0", reference line "-1", less final lowering "-5" 
) � �UDQJH: "-5", steeper accent shape "+6" 
7HP SR: "-10", more fluent pauses "+5", hesitation pauses "+10" 
/ RXGQHVV: "-5" 
9 RLFH�4 X�: breathiness "+10", brilliance "-9" 
2 WKHU: stress frequency "+1", precision of articulation "-5" 

$ QJHU�
Murray & Arnott 

(1995) 
British English�

) � �P HDQ: +10 Hz 
) � �UDQJH: +9 s.t. 
7HP SR: +30 wpm 
/ RXGQHVV: +6 dB 
9 RLFH�4 X�: laryngealisation +78%; F4 frequency -175 Hz 
2 WKHU: increase pitch of stressed vowels (2ary: +10% of pitch range; 1ary: 
+20%; emphatic: +40%) 

) HDU�
Burkhardt & 
Sendlmeier 

(2000) 
German 

52% (1/9)�

) � �P HDQ: "+150%" 
) � �UDQJH: "+20%" 
7HP SR: "+30%" 
9 RLFH�4 X�: falsetto 

6XUSULVH�
Cahn (1990) 

American English 
44% (1/6)�

) � �P HDQ: "0", reference line "-8" 
) � �UDQJH: "+8", steeply rising contour slope "+10", steeper accent shape 
"+5" 
7HP SR: "+4", less fluent pauses "-5", hesitation pauses "-10" 
/ RXGQHVV: "+5" 
9 RLFH�4 X�: brilliance "-3" 

%RUHGRP �
Mozziconacci 

(1998) 
Dutch 

94% (1/7)�

) � �P HDQ: end frequency 65 Hz (male speech) 
) � �UDQJH: excursion size 4 s.t. 
7HP SR: duration rel. to neutrality: 150%  
2 WKHU: final intonation pattern 3C, avoid final patterns 5&A and 12 

Table 1. Examples of successful prosody rules for emotion expression in synthetic 
speech, from Schr� der (2004). Recognition rates are presented with chance level for 

comparison. Sadness and Surprise: Cahn uses parameter scales from ±10 to +10, 0 being 
neutral; Boredom: Mozziconacci indicates intonation patterns according to a Dutch 

grammar of intonation, see Mozziconacci (1998) for details. 
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Coefficients 
Prosodic parameter  

Activation Evaluation Power 

pitch 0.3 0.1 -0.1 

pitch-dynamics 0.3%  -0.3% 

range 0.4   

range-dynamics 1.2%  0.4% 

accent-prominence 0.5% -0.5%  

preferred-accent-shape  

E” -20: falling 

-20<E” � � ��ULVLQJ 

E>40: alternating 

 

accent-slope 1% -0.5%  

fu
nd

am
en

ta
l f

re
qu

en
cy

 

preferred-boundary-type   

P” � ��
high 

P>0: low 

rate 0.5% 0.2%  

number-of-pauses 0.7%   

pause-duration -0.2%   

vowel-duration  0.3% 0.3% 

nasal-duration  0.3% 0.3% 

liquid-duration  0.3% 0.3% 

plosive-duration 0.5% -0.3%  

te
m

po
 

fricative-duration 0.5% -0.3%  

 volume 0.33%   

Table 2. Implementable emotion dimension prosody rules, from Schr� der (2004). 
Values on emotion dimensions range from -100 to 100, with 0 being the ªneutralº value. 

The percentage values are factors ± see text for details. 
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� �� �� � 5 HSUHVHQWDWLRQ�/ DQJXDJHV��

A central issue that regards any work on agent is the language formalization that controls the 
agent's expressive behaviour. In fact this language bridges the gap between the agent's body 
and its mind. Technically speaking, such a language is part of the interface between modules 
which are responsible for determining an agent's behaviour on the one hand, and player 
technologies which are responsible for animation rendering and speech synthesis. This 
language is based on the emotion and personality theories that is used to implement the agents 
as well as it represent the various communicative acts an agent is able to perform. 

Several efforts of creation of representation languages may be reported. Few of them have 
very large scope, such as HumanML and VHML. Other languages have been developed for a 
narrower scope. We present a brief summary of some examples of these languages. 

There are two main efforts to create languages with very large scope: VHML and HumanML. 
HumanML is based on human-to-human and human-to-machine communications in digital 
information systems. The aim of HumanML is to embed important information related to 
humans so that this information would be transmitted over the digital messages. HumanML 
provides tags related to emotions, physiology, proxemics, kinesics, haptics, intentions and 
attitude. It also provides attributes related to community, culture, context/location of the 
conversation, personality, thoughts, signals. This language allows one to encode information 
related to human communicative behaviour from high level (culture, emotion) to low level 
(signal, kinesics). Virtual Human Markup Language (VHML) includes several sub-languages 
for each different modalities (speech, face, gesture); the elements of the language may refer to 
a low level information (right raise eyebrow) to a high level information (emotion anger). The 
authors have developed several sub-languages, each of them specialised in a dimension: 
dialogue management, emotion, facial animation, body animation, hypertext, and speech. 
VHML has a hierarchical structure, that is elements of a low level would be inherited by 
information at a higher level. 

Several languages have been developed for specific applications: sign language, SiGML 
(Elliott et al., 2000), reproduction of gesture kinematics, MURML (Kranstedt et al., 2002), 
presentation agent, MPML (Mori et al., 2003), semantic information, RRL (Piwek et al., 
2002), agent communicative behaviour, APML (DeCarolis et al., 2004), AML and CML 
(Arafa et al, 2002), verbal and nonverbal synchronization, BEAT (Cassell et al., 2001). We 
will describe further the languages that are closer to our interest: namely, MPML, RRL, AML, 
and CML. APML will be described in greater details in the next sections. 

Multimodal Presenation Markup Language (MPML) aims at developing a language to easily 
create animated agent within interactive presentation. Agents may be set up on the web and 
the user can interact directly with the agents. The general goal of MPML is that, unlike most 
web agent for presentation applications, the presentation of information is no more presented 
sequentially, but, its content is generated dynamically as the conversation between the agent 
and the user evolved (Mori et al., 2003). Furthermore, MPML has been designed for mouse 
control, voice control, text-to-speech, agent' s action description (Tsutsui et al., 2000). A 
specialized scripting language, SCRipting Emotion-based Agent Minds (SCREAM), may be 
interfaced with MPML (Prendingher et al. 2002). SCREAM has been designed to create 
emotionally and socially appropriate responses of animated agents placed in an interactive 
environment. SCREAM is specialized in scripting the agent' s mind. SCREAM may be used 
within applications that computes the verbal content of the interaction happening between the 
user and the agent. The role of SCREAM is to compute the emotion that may rise during the 
conversation. The instantiation of the signals and their intensity for a given emotion is then 
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computed taking into account many factors, such as the social setting of the conversation as 
well as the agent' s mental state. 

Character Markup Language, CML and Avatar Markup Language, AML (Arafa et al., 2002) 
are both languages to drive the animation of avatars from, respectively, a top-down approach 
(CML) and a bottom-up approach (AML). CML has been developed to bridge the gap 
between the emotion modelling processes and the displayed behaviour. Thus, CML provides 
mechanisms to compute the proper visual signals associated to a given emotion while 
considering the personality of the agent and its role in the interaction. Apart from describing 
the basic facial expression of emotions (Ekman, 1989), CML provides the definition of visual 
behaviours in term of basic movements (such as move, point, grasp) that may be adapted 
using attributes such as the agent' s personality and the intensity values to define the 
expressiveness of a gesture. On the other hand, AML aims at developing a complete end-to-
end MPEG4 multimedia framework, specially for multi-user chat rooms and autonomous 3D 
characters (Arafa et al., 2002). While CML specifies information at a high level and provides 
the mechanisms that link communicative information to low level information, such as visual 
behaviours, AML defines elements at the behaviour level. Examples of behaviours are: 
pointing, smiling, walking. Each behaviour is specified with MPEG-4 parameters, namely the 
Facial Animation Parameters, FAPs, and the Body Animation Parameters, BAPs. AML allows 
also for the specification of temporal information such as the starting time and duration of an 
ction. 

The Rich Representation Language, RRL, has been developed to manage the interaction 
between two or more virtual agents (Piwek et al., 2002). RRL is used as a link between a 
scene generator, a multi-modal natural language generator, a speech synthesis component, a 
gesture assignment component, and finally a media player. A scene description contains 
information related to the set of acts and the temporal ordering of the acts. An affective 
reasoner is embedded in the scene description to compute the corresponding emotion (defined 
by its type, intensity value and optionally the object that causes the emotion) that may be 
triggered by given acts. A scene description is given in input to the multi-modal natural 
language generator that computes the corresponding linguistic and non-linguistic forms of the 
acts. The role of the speech synthesis and gesture assignment components is to instantiate the 
visual and acoustic data for a given emotion and dialog act. RRL uses a common 
representation (semantically and linguistically based) to automatically drive the animation of 
virtual agents interacting with each others. 

The Affective Markup Language (APML) is based on a taxonomy of communicative 
functions  proposed by .Isabella Poggi (Poggi et al., 2000). A communicative function is 
defined as a pair (meaning, signal) where meaning corresponds to the communicative value 
the agent wants to communicate and signal to the behaviour used to convey this meaning. The 
former ones are represented as a set of goals and beliefs the speaker has the goal to 
communicate. Communicative functions are differentiated in four categories: 

1) information about speaker' s beliefs 

2) information about speaker' s intentions 

3) information about speaker' s affective state 

4) metacognitive information about speaker' s mental state 
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The APML tags correspond to the meaning of a given communicative function. The 
conversion meaning to signals is done by looking up the definition of each tag into the library 
that contained the lexicon of the type (meaning, signals). 

Ruttkay and Noot (2003) developed a very complex representation language, Gestyle, based 
on several dictionaries. Each dictionary reflects an aspect of the style (e.g. cultural or 
professional characteristics or personality). They also defines the association meaning to 
signals. In this language the authors embed notions such as culture, personality, gender but 
also physical information such as gesturing manner or tiredness. To create an agent with style 
one needs to select a set of values (e.g. an Italian extrovert professor). The proper set of 
mappings between meanings and signals is then instantiated. The authors modelled explicitly 
how factors such as culture and personality affect behaviours.  

Languages for specifying the multimodal behaviour of Embodied Conversational Agents 
(ECA) have proposed a direct and rather deterministic one-step mapping from high-level 
specifications of dialog state or agent emotion onto low-level specifications of the multimodal 
behaviour to be displayed by the agent (e.g. facial expression, gestures, vocal utterance). The 
difference of abstraction between these two levels of specification makes difficult the 
definition of such a complex mapping. (Abrilian et al. 2003) proposed an intermediate level of 
specification based on combinations between modalities (e.g. redundancy, complementarity) 
applied to the case of deictic expressions. Algorithms for parsing such descriptions and 
generating the corresponding multimodal behaviour of 2D cartoon-like conversational agents. 
Some random selection has also been introduced in these algorithms in order to induce some 
"natural variations" in the agent's behaviour.   

� �� �� �� � ) DFLDO�H[ SUHVVLRQ�FRGLQJ�

Several languages or coding schemes have also been proposed to describe facial expressions. 
There are the FAPs and the BAPs as described by MPEG-4 at a low level but also the Action 
Units as defined by FACS, Facial Action Coding System (Ekman and Friesen, 1978). 
Expressions may be described by combination of these low-level parameters, or may be 
recursively defined as the blending of already defined expressions. More details on these 
coding systems are provided in the Deliverable 2 related to WP5. We report here just a brief 
summary. 

Facial expression may be coded using the Facial Action Coding System, FACS (Ekman and 
Friesen, 1978; Ekman et al., 2002), a framework to measure facial signals using minimal 
action units (AUs). FACS allows one to encode facial action units using a 5 intensity scale. 
Behaviour changes along this scale are carefully described. When used to code videos FACS 
coders are required to describe movements that are visible at the start frame of the videos. On 
the successive frames, coders should note only facial actions that were not present in the 
previous frames as well as facial actions that were already present but which intensity 
changes. Thus, timing information related to the appearance and disappearance of an 
expression are recorded. 

MPEG-4 is an ISO/IEC standard developed by MPEG (Moving Picture Experts Group). 
MPEG-4 (Doenges et al 1997, Ostermann 1998, Pandzic and Forcheimer 2002) defines 
specifications for the animation of face and body models within an MPEG-4 terminal. Two 
sets of parameters describe and animate the 3D facial model: facial animation parameter set 
(FAPs) and facial definition parameter (FDP). The FDPs define the shape of the model while 
FAPs define the facial actions. When the model has been characterized with FDP, the 
animation is obtained by specifying for each frame the values of FAPs. FAPs represent a large 
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set of basic facial actions including head, tongue, eye, and mouth movement. Their 
combination allow the representation of facial expressions. 

Paradiso and L' abbate (2001) have established an algebra to create facial expressions. The 
authors have elaborated operators that combine and manipulate facial expressions. Another 
definition language has been proposed by De Carolis et al (2004). In their language, an 
expression may be defined at a high level (a facial expression is a combination of other facial 
expressions already pre-defined) or at a low level (a facial expression is a combination of 
facial parameters). The low level facial parameters correspond to the MPEG-4 Facial 
Animation Parameters (FAPs). The language allows one to create a large variety of facial 
expressions for any communicative functions as well as the subtleties that distinguish facial 
expressions. It also allows one to create a facial display dictionary which can easily be 
expanded. 

� �� �� �� � * HVWXUH�FRGLQJ�

Methods for the encoding of gestures can be classified on a continuum ranging from purely 
semantic representations (related only to the meaning of the gesture) to purely pragmatic 
formats (related only to the form of the gesture). Most existing representation languages for 
computational systems are founded upon annotation systems in psychology and sign language 
research; we will therefore briefly review some of these foundational works, followed by an 
outline of scripting languages used for ECA systems. A much more detailed review of 
existing gesture coding schemes can be found in IST-2000-26095 Deliverable D2.1 by 
Serenari et al. (2000) 

McNeill (1992) provides a semantic classification of gesture function into iconic, metaphoric, 
deictic and beat categories. He also introduces a grid-like gesture space in front of the actor to 
localize gestures. His descriptions of gesture form though are holistic-imagistic and not 
readily adaptable to automatic processing. 

Stokoe (1978) introduces the concept of breaking gestural configurations down into 
formational parameters: location of the wrist, orientation of the wrist, and hand shape. The 
more recent HamNoSys notation framework (Prillwitz et al., 1989), originally developed for 
sign languages, follows this breakdown into formational parameters and provides a dictionary 
of the most frequently used configurations.  

FORM2 by Martell et al. (2003) is an annotation scheme that captures exact configuration and 
orientation of the arms and hands of a gesturer. The annotation scheme, ©FORM©, focuses on 
detailed gesture pragmatics. A corpus of annotated video material is available. 

MURML (Kopp, 2002) is an XML based description language used in ECA gesture synthesis 
that allows for detailed control of parallel and sequential components of gestures. Hartmann et 
al. (2002) describe a language for ECA animation that unites features of McNeill and 
HamNoSys. 

Analogous to the FAP scheme described above, the MPEG-4 standard defines a set of Body 
Animation Parameters (BAPs) that control joint angles of a standardized humanoid skeleton. 
As a pure animation data format, a BAP file does not preserve any additional information 
about the type of gesture executed. Another comparable skeletal animation format that allows 
arbitrary hierarchies is Biovision©s BVH specification. 
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5 Review of key problems in the thematic area 

5.1 Key Problems in Perception 

� �� �� � 3HUFHSWLRQ�E\ �WKH�V\ VWHP �RI�KXP DQ�HP RWLRQDO�EHKDYLRXU�

In the case of the studies of (Batliner 2003), about finding trouble in dialogue, the ultimate 
aim of the annotation was to identify which data could be classified as neutral and which 
could be classified as indicators of trouble in communication. They judged a particular 
utterance as emotional on the basis of a number of linguistic properties and identified these 
properties afterwards as those that had turned out to characterize emotional language. The 
annotation was restricted to formal aspects of the dialogues. The dialogues were analysed for 
occurrences of particular lexical, conversational and prosodic properties. 

Interaction takes place between a human and the machine (call center, avatar, ECA, ...) or the 
Wizard-of-Oz who pretends to be a machine. If we want to communicate about this 
interaction, there are basically two different ways of doing that: either we interpret on an 
intuitive basis, or we first extract some information - labels of emotional user states, word 
classes, syntactic/semantic structure, etc. - and then, we interpret on a quantitative basis. 
However, what we are most interested in, in the context of HUMAINE, namely emotion, 
cannot be observed directly - or decided on via instruction of the participants - but is only 
accessible via mediation of terminology, annotation, etc. There can be different ways out of 
this dilemma: one can avoid the problem of inter-subjectivity by dealing with only formal 
aspects, cf. (Batliner, 2003), or by using expert labellers, or by averaging across labellers, etc. 
All these strategies have their pro's and con's and should be assessed in the course of the 
project. 

Although several multimodal databases have already been developed (Knudsen et al. 2002; 
Maybury & Martin, 2002, Martin et al., 2004), the fusion of the annotations of individual 
heterogeneous modalities has been seldom tackled. Defining the integrative functions for the 
different modalities raise several issues some of which have been tackled in multimodal 
corpora without emotion. How to apply such approaches to the analysis of emotion from 
multimodal cues? How do these frequent multimodal behaviour (multimodal deixis, turn 
taking patterns) combine with emotional behaviour ? 

Finding appropriate schemes for computing relations between modalities is still an issue. 
Simple metrics were proposed in (Martin et al., 2001) for measuring how much a user is 
redundant/complementary when referring to objects in a multimodal input system.  

- managing intrinsic timing relationships between the modalities (e.g. depending on the 
corpus context at hand gesture may occur before speech, gesture stroke may be 
coincident with emphasis in speech). 

- fusion at a semantic level in multimodal deixis via unification algorithm 

� �� �� � 3HUFHSWLRQ�E\ �WKH�XVHU�RI�V\ VWHP �HP RWLRQDO�EHKDYLRXU�

Research on expressive gesture has of course its limitations. At the current state of the art, we 
cannot say that we are able to extract and interpret high-level information in every condition 
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and context. What has been done up to now was a collection of preliminary experiments 
aiming at shading some light on the communication mechanisms involving expressive 
gesture. That is, we are moving toward the interpretation of high-level information, but this is 
still far to be reached. Moreover, interpreting expressive content requires the ability of 
capturing and measuring the subtlest nuances of human gestures since small variations within 
such nuances are often likely to make the difference. This is a big challenge for sensors 
systems for example in terms of needed temporal and spatial resolution. Computer vision and 
sound analysis algorithms also are still not enough developed to handle such subtleties.   

Other problems relate to the use of the expressive information. This holds in particular for 
artistic use in the performing arts scenario. Is really this kind of information useful for artists? 
How such information can be employed in a real performance (in a non-trivial way)? Of 
course, we believe that such information is relevant for artistic application since it allows 
integrating art and technology at a deep level, the level of artistic language. However, the 
questions above still remain largely unanswered and at the current state of the art it seems 
quite difficult to get a sound and comprehensive answer in short time.  

Finally, ethical concerns have to be taken into account. As an example, consider the risk 
related to the availability of techniques able to emotionally classify users according to their 
behaviour and to convey them suitable emotional messages. Such techniques could allow third 
parties to control in some way user' s behaviour (e.g., as it is already happening on a certain 
extent in advertising, companies could use such information to control the behaviour of their 
customers). Moreover, the emotional, affective sphere is related to the most private aspects of 
individuals'  life and techniques able to deal with it must be carefully considered with respect 
to privacy safeguard. 

� �� �� � 9 LUWXDO�3HUFHSWLRQ�

Agents should not have direct database access to the emotional states of other agents; instead, 
they should sense the emotions of other agents through some form of perception and 
interpretation mechanisms based on expressions. This increases the complexity of 
interactions, allowing the possibility of misinterpretations. 

We will use a model for active and predictive perception. Both types of perceptions are 
integrated in an attempt at a « unified » perception concept of an Autonomous Virtual Agent 
(AVA) that includes the virtual type perceptions: proprioception, active and predictive. AVA 
refers to a virtual agent placed in a virtual world. But its main activity might not be 
conversation. It may wander around the virtual world, searching for information, doing some 
actions and so on. 

In order to obtain a virtual perception, an AVA and even an ECA uses among other things 
virtual sensors for vision, audition and touch. However, the actions the AVA has to carry out 
are of differing degrees of complexity: evolving in its virtual environment, interacting with it 
or communicating with other AVAs. To reply to these three types of actions, the AVA has to 
move around or be able to seize objects based on this perception. 

Generally speaking, limitations appear when the AVA's actions require dynamic knowledge of 
their environment that necessitates a perception system. This need, together with the 
complexity and cognitive constraints, characterizes the limit between the actions and 
behaviours of the AVAs. The connection between reflex actions, which require perception but 
not memory concerning what they have perceived, takes place at this limit. In a common 
approach, each behaviour implements its own perception mechanism described in (Bordeux, 
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1999), which generates a duplication of calculation mechanisms whenever several behaviours 
are implied. Other works that will serve as starting points include the work of Conde et. al. 
(2004). 

 

� �� �� � 3HUFHSWLRQ�RI�( [ SUHVVLYH�%HKDYLRXU�

To achieve expressivity synthesis, one ought to tackle the following issues: 

- Information conveyed by expressive gesture is likely to be structured on several levels 
of complexity. For example, it is possible to recognize a person from the way he/she 
walks, but it is also possible to get information about the emotional state of a person 
by looking at his/her gait, e.g., if he/she is angry, sad, happy. In the case of gait 
analysis, we can therefore distinguish among several objectives and layers of analysis: 
a first one aiming at describing the physical features of the movement, for example in 
order to classify it, a second one aiming at extracting the expressive content gait 
coveys, e.g., in terms of information about the emotional state that the walker 
communicates through his/her way of walking. How many different levels? Which 
information belongs to which level? 

- Developing algorithms for automatic extraction of expressive features in real-time 
during interaction. How to extract expressive features from expressive gesture? How 
to capture/measure expressive gesture? What kinds of sensor systems are needed?  

- Developing models and algorithms for interpreting the expressive content conveyed by 
expressive gesture in real-time during interaction. Which kind of information should 
be addressed (e.g., basic emotions, arousal/valence, eclectic emotions)? Which 
techniques should be employed (machine learning techniques, statistical analysis etc.)? 

- Developing strategies of interaction explicitly taking into account expressive content 
and expressive gesture. How to map measured expressive features onto real-time 
generation of audio and visual content? How to employ expressive information to 
enhance subjects'  multisensory experience and the sense of presence?  

Research on these issues can highly benefit of cross-fertilization among scientific and 
technical knowledge on the one side and art and humanities on the other side. This need of 
cross-fertilization opens novel frontiers to research in both fields: if from the one hand 
scientific and technological research can benefit of models and theories borrowed from 
psychology, social science, art and humanities, on the other hand these disciplines can take 
advantage of the tools technology is able to provide for their own research, i.e., for 
investigating the hidden subtleties of human beings at a depth that was never reached before.  
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5.2 Key Problems in Interaction 

� �� �� � + XP DQ�DJHQW���DJHQW�DJHQW�LQWHUDFWLRQ�

� �� �� �� � 5 ROH�RI�HYROYLQJ�GLVSOD\ V�DQG�DIIHFW�SHUFHSWLRQ�LQ�LQWHUDFWLRQV�EHWZHHQ�YLUWXDO�
FUHDWXUHV�

The role of affective expression has been a source of great interest and research since the time 
of Charles Darwin. Psychologists and ethologists have observed physiognomical (facial 
expression), vocal and postural forms of such expression in animals and humans and have 
attempted to categorise such expressions according to social and environmental context and 
via the use of cross-cultural studies (in the case of human expression). Research, however, has 
tended to focus on the adaptive value of such affective expression without fully taking into 
account the mechanistic, phylogenetic and ontogenetic influences; all of which are of the 
utmost importance with regard to a comprehensive understanding of the adaptive or functional 
value of any given expression. Moreover, the potential and applications of evolving affective 
expression in artificial creatures and adaptive systems has hardly been addressed. 

Published findings of initial experimental results and more recent work that have both adopted 
this methodological approach have indicated the strength of influence that affect perception 
has on survival and demonstrated varying ways in which affective expression may be 
manipulated. Interestingly, affect perception has not proven to be selected for in all 
environments; nevertheless agents tend to evolve to select for affect perception even though it 
might be to the detriment of the survival rate of the whole population. 

� �� �� �� � 5 ROH� RI� P HP RU\ �� HP RWLRQ� DQG� DWWHQWLRQ� IRU� GLVFRXUVH� SODQQLQJ� LQ� VRFLDO�
LQWHUDFWLRQ��

Memory and knowledge representation. Memory is a key component of human behaviour and 
is inextricably linked to attention, emotion and cognition (Eysenck &  Keane, 2000). 
However, if information is going to be stored in memory and processed, then suitable ways of 
representing it must be found. This raises fundamental questions regarding the concepts being 
scrutinised and how they should be specified (or, indeed, if they can be specified) in a straight 
forward manner on a computer system. For example, if we wish to store a characters 
emotional state, or an impression of another characters emotional state, then we must have a 
meaningful way of representing those states.  This is further complicated if information is to 
be associated or combined in some manner with other information, or is to support multiple 
detail levels. Take for example the association of emotions with events; How does one 
discretise an ‘event' ? Presuming one has a way of representing emotions, how does one then 
associate emotions with events in a meaningful manner? These factors would help to explain 
why there are few explicit models of memory for real-time social agents. 

Attention. Attention is of vital significance to agents, not only in determining what is sensed, 
perceived and processed by the agent and to what extent, but also towards generating outward 
behaviours, such as gaze, in a sensible manner. Attention remains an illusive concept for those 
studying it, with the eminent psychologist H.E. Pashler noting ªthere may not even be an ‘ it'  
there to be known aboutº (Pashler, 1998). Indeed, the relationships between attention, 
memory and cognition are complicated and often difficult to distinguish between. In addition 
to this, there are different varieties of attention to be considered if general situations are to be 
handled. For example, agents that are endowed with conversational attention, such as paying 
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attention to speakers, will not take notice of nearby threats such as fires or wild animals. In a 
more social context, they will not pay attention when new contacts enter their locale. More 
worryingly, agents may have elaborate facial expression models, but if other agents do not pay 
attention to these emotions, they will not be perceived. If multiple modalities of attention are 
considered, then the problem is one of integrating and weighting the information across these 
modalities; how does one compare the attention elicited by a shiny red Ferrari with that 
elicited by a look of anger on a companions face? Such questions currently pose problems for 
those in areas such as cognitive engineering and neuroscience; finding credible solutions 
applicable to the domain of social agent animation is therefore challenging. 

Discourse planning. Current conversational systems are somewhat rigid and tend to impose a 
strict ordering on information flow, with the speaker being the only sender of signals and the 
listeners role reduced to receiver of signals. In contrast, the flow of conversation in real life 
situations tends to be somewhat or a lot less rigid depending on the situation and roles 
assumed (for example, compare listeners in lectures with those in cafes, and debates when a 
mediator of conversation is and isn' t present) ± listeners may or may not agree with what the 
speaker is saying and tend to communicate this verbally or non-verbally to the speaker or to 
other listeners. Such behaviour may result in the speaker giving the floor to the listener or the 
listener seizing the floor for the purposes of voicing disagreements. Indeed, many 
conversations are not cleanly synchronised in terms of speaker turn-taking, but often involve 
asynchronies, with people possibly speaking at the same time in an effort to seize the floor or 
add additional ideas, which may, in extreme circumstances, lead to a split of the conversation 
into multiple conversations (or even arguments!). This has consequences, particularly in the 
planning of conversations (De Carolis et al., 2000, 2001, 2002): conversation planning must 
now be much more flexible and dynamic in order to handle such situations in a robust manner. 
The dynamic nature of discourse is further complicated by numerous additional factors, such 
as the personalities and social factors of those involved (e.g. submissive individuals, 
extroverts, social status etc); for example, the intention of providing additional ideas in a 
conversation may actually be to maintain ones status in the social hierarchy as oppose to 
providing the ideas for the sake of the content itself. Understanding and modelling such 
complexities is extremely difficult. 

� �� �� �� � 6\ QFKURQLVDWLRQ�EHWZHHQ�SHUFHSWLRQ�DQG�WUDQVP LVVLRQ��

Conversation is made of action (the act of speaking) and perception (the act of listening). 
Speaker and hearer adapt each other behaviours as the interaction evolves. Interaction 
involves not only speech but also non-verbal behaviours. A speaker does not behave in the 
same way depending on several contextual factors: she adapts her speech content and her 
behaviour depending on the evolution of the interaction, on her relation with her conversation 
partner, on how this partner reacts to her speech. Quantity of gesturing, smiling, gaze between 
speaker and listener are highly related (Feyereisen & deLannoy, 1991). The externalization of 
nonverbal behaviours does play an important role in the communication process. Their 
perception interacts with the judgement one made of the speaker. To model different agent©s 
behaviour one needs to model the process that was made to arrive to the display of such and 
such signals as well as to model the signals and how they are produced. 
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5.3 Key Problems in Generation 

� �� �� � $ XGLR�DQG�9 LVXDO�( [ SUHVVLYH�6SHHFK�6\ QWKHVLV�

� �� �� �� � / DFN�RI�ZHOO�GHILQHG�UXOHV�IRU�H[ SUHVVLRQ�RI�QRQ�H[ WUHP H�HP RWLRQV�

As most databases of emotional speech are labeled with respect to the four or six basic 
emotions (and often simulated by actors), the data situation for ªevery-day emotionsº, being 
non-extreme mixtures of several basic emotions is scarce. Therefore prosody-rules to generate 
this emotional expression (which are of course derived from data) are still to be found. 
Different approaches like finding rules to generate expression of the emotional dimensions 
(like activation dominance and valence) did work for activation but have still to be found for 
other dimensions. The simple interpolation of prosody rules to generate mixed emotional 
expression is usually not feasable, e.g. if the specification of the parameter values are 
contrary. Furthermore the impact of the combination of certain parameters is too complex to 
be yet understood. 

� �� �� �� � ' LIILFXOW\ �WR�DFKLHYH�KLJK�TXDOLW\ �HP RWLRQDO�VSHHFK�V\ QWKHVLV�

Among the existing speech synthesis approaches presented in section 1, a distinction can be 
made between generative methods that explicitly aim to satisfy a desired target (formant 
synthesis and diphone-based synthesis) and methods that entirely rely on the speech corpus 
(corpus-based technologies). This distinction is quite fundamental as it indicates two radically 
different ways of synthesising emotional speech.  

Concerning the generative approaches, they appear limited as they currently cannot provide a 
synthetic speech of high quality. Formant synthesis is known to lack naturalness, while 
diphone-based concatenative synthesisers need signal modification modules which often 
degrade the quality of the speech signal. Moreover, diphone synthesis is not capable of 
achieving fine acoustic modifications as for example fine tuning of voice quality parameters. 
These considerations show that one key problem in emotional synthesis is to have a robust 
analysis-modification-synthesis scheme enabling the extraction and modification of relevant 
acoustic information of a speech signal.  

Considering the application of corpus-based techniques for emotion restitution, the more 
challenging problem is to define a corpus containing the acoustic material which appears 
necessary for the restitution of the desired set of emotions. Attempts have been undertaken by 
recording different corpora for each category of emotion (Iida et al., 2000; Johnson et al., 
2002). This method seems reasonable insofar as it enables the synthesis of categorical 
emotions with good emotion recognition rates. However, in order to obtain the restitution of 
finer emotions, further information should be taken into account, both during the corpus 
creation and during the synthesis itself. This is the most fundamental issue that will need to be 
investigated in order to improve state-of-the art corpus-based emotional speech synthesis. 

� �� �� �� � / LP LWDWLRQV�RI�VLJQDO�DQDO\ VLV�DOJRULWKP V�

A problem relevant to the field of speech and emotion research as a whole, with direct 
consequences for emotion modelling in speech synthesis, is that of imperfect measurement 
tools regarding the acoustic correlates of emotions in speech. Generally, it is not entirely clear 
from which parameters humans perceive emotions. The acoustic parameters studied most 
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frequently are those that can be measured easily rather than those that are known to play a role 
in emotion expression, notably those related to voice quality. 

One example is the audible effect of smiling (Tartter, 1980; Tartter & Braun, 1994), known to 
be related to raised formant frequencies. These are usually not measured in studies on the 
acoustic effects of emotions, notably because formant frequency detection algorithms are not 
sufficiently reliable to be used without supervision, and human verification is too expensive 
for large corpora. 

Another important issue is the fact that the actual acoustic parameters upon which human 
perception is based are not fully understood. This is illustrated by the observation that 
machine learning algorithms using a large number of available acoustic parameters differ 
substantially from human listeners in their ability to distinguish emotions (Banse & Scherer, 
1996). 

� �� �� �� � ,QWHUIDFLQJ�D�VSHHFK�V\ QWKHVLV�V\ VWHP �ZLWK�RWKHU�P RGDOLWLHV�

The section on speech-synthesis in this deliverable is mostly concerned with the problems of 
the basic wave-form synthesis – i.e. on how to determine the acoustic properties (both in 
terms of prosody and voice-quality) of a speech signal and then actually generating a signal 
with these very properties. 

One has to bear in mind, though, that in most applications the speech-synthesis proper usually 
is emebedded into  a text-to-speech synthesis (TTS) system. I.e. the prevalent use-case for a 
speech-synthesis system is, that a user or application feeds the system with some text and gets 
a soundfile containing synthesized speech. While this functionality might be appropriate for 
applications like a reading system or phone-based dialogue systems, this is clearly 
unsatisfying when used in conjunction with other modalities. 

Examples are the generation of speech-synchonous lip-movements in talking heads or the 
generation of speech-accompanying gestures in avatars.  

In these cases speech should provide information on its internal temporal properties, e.g. 
position and duration of each speech-sound for viseme-generation or the location of words, 
phrase-boundaries, stressed syllables for the fine-grained alignment of gaze, gestures and 
posture.  

Unfortunately in many current systems, most specifically in otherwise high-quality corpus-
based sytems --  this sort of information is not made available, and e.g. viseme-generation is 
performed on the basis of the an automatic (re-)analysis of the speech-signal instead on timing 
data provided by the speech synthesis module. Though this sort of data is usually explicitely 
present and used within the speech-synthesis system, it is often not accessible. This is 
probably more due to a lack of consciousness for the needs of multi-modal sytems than due to 
technical reasons. The lack of a standardized output-format for this sort of information might 
be a reason as well as a consequence for this fact. 

� �� �� �� � 8 QFHUWDLQW\ �RI�ZKLFK�HP RWLRQDO�VWDWHV�WR�V\ QWKHVLVH�LQ�DSSOLFDWLRQV�

Depending on the application one has in mind, it is likely that very different types of 
emotional states need to be modelled. For example, high-intensity, even exaggerated states 
may need to be modelled for virtual theatre applications (Bates, 1994), while user-machine 
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dialogues are likely to require the expression of only low-intensity states linked to the 
dialogue and to the social relationship. 

There is no quick answer as to which emotional states are required in a given application type. 
Thorough analyses of field data would need to be performed to determine the emotions that 
actually occur in the targeted type of situation. This would require large corpora to be 
recorded and annotated. If this cannot be done because of time and money constraints, 
application developers are largely left to their own intuition when selecting the emotional 
states to model. 

� �� �� � 6\ QWKHVLV�RI�H[ SUHVVLYH�QRQ�YHUEDO�EHKDYLRXU�

� �� �� �� � ( [ SUHVVLYH�ERGLO\ �EHKDYLRXU�

Existing attempts to incorporate expressivity through modifications of bodily non-verbal 
behaviour based on emotional state of the actor can be classified as either choosing between 
predefined, static behaviours or applying parametric changes to behaviour in a global fashion 
mostly ignorant of the underlying semantic structure of the utterance-action pair. EMOTE 
(Chi et al, 2002) is one of the first system that attempt to model gesture expressivity. It is 
based on the Laban principles of effort and shape. EMOTE offers the finest-grained control 
over movement parameters. By implementing this system as a generic filter on pre-existing 
behaviours, a wide variety of motions can be manipulated. However, important information 
about the semantic structure of coverbal behaviour can no longer be used to guide adaptations. 
EMOTE allows phrasing control of its parameters; however, establishing the correspondence 
between keyframes and underlying movement structure and meaning must be established 
manually. An important problem then is to enable expressivity of parametric, coverbal 
behaviour, that is tied to both the affective communicative goal as well as the meaning about 
the signals to be generated. So far expressivity has not been considered for any 
communication framework.  

� �� �� �� � ' HVLJQ�RI�H[ SUHVVLYH�EHKDYLRU�LQ�UHDO�WLP H�V\ VWHP V�

In ECAs systems maintaining real-time of the interaction is primordial. A slight delay in 
generating the agent' s reaction may destroy the believability of the agent. To keep the real-
time going, methods acting on the level of details (LOD) of the geometry models have been 
proposed (Breton et al., 2001). When being animated, the number of polygons that constitutes 
the facial models is dynamic: facial regions in which muscular contraction happens are 
represented by a high number of polygons; on the other hand, when no action occurs in a 
region, the number of polygons decreases. The adjustment of polygons number should be 
done on the fly and should not be visible. When there is not enough computing power, it may 
also be necessary to act not only on the LOD of the geometry but also of the animation. So far 
several model of LOD for animation have been proposed so far ( Carlson&Hodgins, 1997; 
Giang et al., 2000; Stern et al., 1999) but these works have looked at which computing 
methods (kinematics, dynamics, key-frame) would give the best animation result in the lesser 
time. Another idea is to build a LOD method semantically based that would determine the 
features of the behaviors (be a facial expression, a gesture or even a body movement) that bear 
the semantic information and use only this one in computing the final animation. A major sub-
problem is thus to define the different features characterizing the behaviors as well as 
determining which features convey more expressively the meaning of the behaviors. 
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� �� �� �� � * D] H�DWWHQWLRQ�WR�IDFHV�IRU�VRFLDO�LQWHUDFWLRQ��

Gaze is not only used to orient the primary sense, vision, towards targets of interest in the 
environment, but is also a very important communication channel  (Poggi et al., 1999; Argyle 
& Cook, 1976). It is of great interest to other beings in the environment since it provides clues 
to ones motives and also carries important social signals. Facial expressions and other 
movements may be combined with gaze to convey different signals (e.g. `wild stare'  as a 
combination of gaze, low blink rate and contracted facial muscles around the eyes). Provided 
with a low level facial animation system, the question arises of how to specify high level 
expressions and convert them into appropriate low level animation parameters. This involves 
higher level considerations: for example, is there a difference between an `intense'  gaze and 
an `angry'  gaze? Does intensity of gaze necessarily imply hostility? One can gaze in an 
intense manner, but signify admiration as oppose to hostility. At a lower level, choosing the 
parameters suitable for conveying these higher level expressions as well as deciding what 
values to provide them with is an important task, and one made difficult by the fact that subtle 
changes in low level parameters may often have a large impact on intended and perceived 
expressivity. 

� �� �� �� � * HQHUDWLRQ�RI�V\ QFKURQLVHG�P XOWL�P RGDO�P HVVDJHV��

Existing research into the expression of emotions has mostly focussed on single modalities, 
e.g. vocal, facial, or gestural expression of emotion. The few studies that have studied the 
effect of multiple modalities (e.g., Scherer, 1994; de Gelder & Vroomen, 2000) have given 
first indications that temporal alignment between the modalities may be important for a 
convincing display, and that the facial channel appears to be slightly more influential than the 
vocal channel. But, if information on different modalities is available,  fusion is difficult: The 
time alignment of different channels is not trivial. Cues can be conflicting - which modality 
overrides the other ones? What about the weighting of different scores? It might be necessary 
to map emotions obtained in one modality onto other emotions obtained in the other modality 
because not everything can be observed in each modality. 

Most of the ECAs systems have modelled the synchrony property along one modality. In the 
Greta system (Pelachaud et al., 2002), communication functions may be synchronized at 
different levels. Performative type usually spans over the whole communicative act. Other 
communicative functions modulate a single word or semantic element of the utterance and 
usually last only the time of that word or semantic element. The affective and the belief-
relation functions are synchronized with the information structure of a discourse. They  may 
be represented as attributes of the theme or rheme tags; the other communicative functions 
(adjectival, deictic) have a more local character as they act on the word(s) they refer to and 
would correspond to separate tags. But very few works exists in generating synchronized 
multimodal behaviours for ECAs. To reach a model of multimodal communication for ECAs 
one needs to define the rules stating how the agent chooses to convey meanings via one or the 
other modality, and how signals in different modalities synchronize or anticipate each other. 
Given some content to communicate, the agent must plan how to communicate it, and choose, 
first the elements, in whatever modality, that best convey this information, and then their 
possible combination: the agent in fact may communicate each single item of meaning either 
in one or another modality, or in more modalities at the same time.  So both the elements of 
the communication systems in all modalities have to be studied, and the way these elements 
may be produced simultaneously or in sequence.  

Thus, the results developed so far are too preliminary and general to allow for a well-founded 
multimodal generation of emotional expression. Current systems can merely try to optimise 
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each channel in its own right, but possible effects such as complementarity (partial 
information in different modalities), conflict (as may be expected for irony), or compensation 
(reduced intensity due to the availability of the same information in a different channel) can 
only be suspected, but cannot be properly modelled because of a lack of scientific research 
into these effects. 

� �� �� � 5 HSUHVHQWDWLRQV��* HVWLFRQ��P RGDOLWLHV�FRRSHUDWLRQ��H[ SUHVVLYLW\ ��

As regards a gesture repository or gesticon, there are a number of major questions: 

1. What should go into a Gesticon ?  

2. How should a Gesticon be structured? 

3. Do we need a Gesture Grammar in addition to a Gesticon? 

4. How should the Gesticon cooperate with other modalities in multi-modal generation? 

� �� �� �� � 7KH�FRQWHQW�RI�D�JHVWLFRQ��

 It is beyond question if gesture generation is based on some kind of  repository, this 
repository should comprise specifications that relate to form as well as to the semantics or 
meaning of gestures and probably also their possible functions in communication. However, 
there are many open issues that should be addressed in some detail within WP6: 

Can we assume a set of ªbase gesturesº or a fixed set of gesture primitives from which we can 
construct all needed gesture types and individualised variants? 

Regarding individualised instantiations of gestures: what are the determining factors, and how 
should they be mapped onto form parameters?  

Regarding gesture selection in a virtual character:  should the gesture specifications in a 
Gesticon include weights for some parameters so that an appropriate prioritization among 
possible candidate gestures can be made?  

What characteristics (i.e., form elements) depend on (social, cultural, professional, etc) 
contexts and which are independent? If context-dependencies exist, where and how should 
they be represented? 

How to deal with iconic gestures? Is it possible and appropriate to include construction 
recipies in the Gesticon to create iconic gestures or do we need a (huge) volume of iconic 
form elements instead. 

� �� �� �� � 7KH�VWUXFWXUH�RI�D�* HVWLFRQ���

Even though it is not much hope for a single universal Gesticon to emerge in the near future, 
we consider it an advantage, for instance for the ECA building community, to come up with a 
common structure for Gesticons.  Such a Gesticon would comprise definitions of gesture types 
rather than concrete body-specific instances to ensure some reusability across different 
characters (embodiments). In turn, dealing with types suggests that hierarchical structuring is 
possible and useful too, regarding representation compactness and gesture generation. Again, 
the devil is in the details ± here are just a few of issues to be addressed: 
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How should we define a gesture taxonomy? What should be the dominant discriminating 
criteria (e.g. form, semantics, communicative function, else)? If a multi-layered structure is 
introduced, how many layers should it have and what aspects should be dealt with in each 
layer? 

What format to choose (in addition to ask for XML-compliance for the time being)? Ideally, 
one would have a format that allows specifications at different levels of detail allowing for 
incremental refinements without loosing compatibility. For instance, in NECA 
(http://www.oefai.at/NECA) the form part of a gesture is “ grounded”  by an animation clip 
while the character MAX (http://www.techfak.uni-bielefeld.de/~skopp/max.html) computes 
gestures on the fly from a specification of form parameters (MURML) based on the 
HamNoSys approach to describe gesture form (Kranstedt et al., 2002). Nevertheless, both 
systems could rely on the same meaning descriptions of a shared Gesticon. 

How to specify parameters for synchronising gestures with other modalities? Do we need to 
support both time-line based and event-based synchronisation constraints? 

� �� �� �� � * HVWLFRQ�DQG�RU�* HVWXUH�* UDP P DU���

There are several aspects in gesture generation which call for a grammar-oriented approach. In 
the following some major aspects are introduced:  

Gestures usually occur in sequences. Thus a kind of a grammar would be required that entails 
the rules for proper gesture sequencing and also some rules for blending and superimposition 
of some gestures.  

Apart from sequencing gestures, variation also comes into play in gesture dynamics and 
amplitude.  This is an aspect which is more likely to be handled by some sort of (probabilistic) 
grammar than by mere feature representation. In this area, however, a fair amount of basic 
research still has to be done. Nevertheless, what should be possible for now is to define a set 
of parameters to encode this kind of expressiveness. Computational models need then to be 
elaborated. 

Only a small subset of gestures is codified such as symbolic gestures, whereas a vast majority 
of gestures is generated on the fly, c.f. (Poggi, 2002) where (symbolic) and creative gestures 
are distinguished. Especially handling creative gestures requires a kind of a gesture grammar 
that allows for the definition of a form-function interface for gestures similar to the syntax-
semantics interface in natural language grammar. 

� �� �� �� � 0 XOWL�P RGDO�LQWHJUDWLRQ���

A promising approach to integrating the gesticon with other modalities is to use a multimodal 
representation language as an interface between the gesticon and other modalities, see for 
instance (Ruttkay et al., 2003; krenn & Pirker, 2004).  The challenge here is to design a 
gesticon structure and representation language that is general enough to ensure compatibility 
with the variety of existing representation and standardisation efforts of multi-modal 
information. Coupling gesticon and representation language shall allow us to design a 
component which makes the gesture representations, and gesture generation strategies and 
methods independent from implementation details of individual system modules. Multimodal 
attributes (e.g. types of cooperation between modalities, constraints in multimodal relations, 
temporal relation between modalities, amodal emotion filters, combined specification of 
dialog act / emotion / certainty. 
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� �� �� �� � * HVWXUH�P RGXODWLRQ���

Information about how to modify/modulate the behaviour to express the meaning with 
varying levels of intensity. To this end, it is required to specify constant, invariable elements 
of the signal that must be executed in order to retain the meaning. A useful parametrization of 
aspects of the signals that facilitates meaningful variation is also needed. For each parameter 
salient in modifying intensity, corresponding points for minimum, default and maximum 
intensity have to be established. Studies are needed that establish parameter settings for 
various intensities from observation of human subjects. 

� �� �� �� � ( [ SUHVVLYLW\ �P RGHOOLQJ��

Expressivity (viewed here at the level of the signals) ought to be modelled differently 
depending on the modalities (face, gesture, gaze) it applies to (Hartmann et al., 2004; 
Pelachaud et al., 2004) . Indeed, expressivity when talking about facial expression is related to 
intensity (muscular contraction) as well as its temporal course; while when talking about gaze, 
it is related to factors such as length of mutual gaze, length of looking at the conversation 
partners; while when talking about gesture, expressivity is related to many parameters such as 
the strength of a movement, its tempo, its dynamism, its amplitude. Moreover expressivity of 
a behaviour may be expressed not only by the intensity of the signals within a given modality 
but also by how the signals are dispatched over all the modalities. We may talk of modal and 
inter-modal expressivity: 

- Inter-modal expressivity: may be modelled by defining the functions that relates the 
behaviours across the modality: redundancy, complementarity, substitution, masking 
and addition. Inter-modal expressivity works as a quantitative parameters, defining 
how many signals constitute an expression (e.g., the expression joy with a slight 
expressivity may correspond to a `slight smile' while with a  strong expressivity it may 
be mapped to a `large smile + crow feet wrinkle + upper eyelid raise') (Ekman, 1975) 

- Modal expressivity: Every modality has its own qualitative parameters to define modal 
expressivity. For example, within the face modality, muscular contraction may be 
further characterized by parameters defining its temporal course such as the onset and 
offset. On the other hand, the expressivity of a gesture will depend on its amplitude, its 
velocity, its tension and so on.  
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6 Assessment of the key development goals in 
the thematic area 

6.1 Key Goals in Perception 

� �� �� � 3HUFHSWLRQ�E\ �WKH�V\ VWHP �RI�KXP DQ�HP RWLRQDO�EHKDYLRXU�

One issue is to find how to use corpus of human multimodal emotional behaviour to help the 
system 

Advances in expressive gesture processing can be obtained: 

- By defining and carrying out experiments focusing on specific aspects of non-verbal 
communication and interaction through expressive gesture: such experiments can 
contribute in creating the theoretical basis and in providing some first experimental 
evidence on the role of expressive gesture processing in interaction. Experiments may 
focus on the relevance of possible expressive feature, or may individuate a specific 
kind of expressive content (e.g., emotions in the eclectic approach by Scherer, 2003) 
and aim at understanding the underlying communication mechanisms. 

- By defining models and algorithms aiming at extracting expressive features and at 
interpreting expressive content, even if restricted to the test-bed scenarios on which the 
experiments above focused. Assessment can be carried out by evaluating the output of 
the algorithms against judgments given by spectators on the same stimuli the 
algorithms processed. 

By defining exemplars aiming at evidencing potentials and limitations of expressive gesture 
processing techniques. Exemplars may be subject to validation: for example in case the 
exemplar is an artistic performance or an exhibit it may be asked to spectators/visitor to 
express their comments about the exemplar and the technology employed for developing it.   

� �� �� � 3HUFHSWLRQ�E\ �WKH�XVHU�RI�V\ VWHP �HP RWLRQDO�EHKDYLRXU�

One main issue here is the definition of appropriate experimental protocol to evaluate how the 
user perceives the system emotional behaviour. 

� �� �� � 9 LUWXDO�3HUFHSWLRQ�

� �� �� �� � $ IIHFW�SHUFHSWLRQ�

Lowe, Canamero et al. (2004) have shown that relative to agents that do not perceive rival 
agent internal state, affect perceivers prosper if the initial environment in which they reside 
provides numerous opportunities for interaction with other agents and resources. Conversely, 
where the initial environment with sparse resources does not allow for regular interaction, 
ability to perceive affect is not as facilitatory to survival. Furthermore, the agents evolve 
particular display strategies distorting the expression of affect and greatly influencing the 
proportion of affect perceiving to non-affect perceiving agents over evolutionary time.  
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For future goals, it is hoped that a classification can be made that elucidates how affect 
perception is selected for, manipulative displays of affect evolve in particular ways, 
perception of affect co-evolves with affect display, behavioural interactions are influenced by 
evolution of affect and perception. The use of more challenging environments allowing for the 
sorts of cooperative and competitive behaviours that may be influenced by affect expression 
and perception will be introduced in conjunction with evolving features of the agent 
architecture that may lead to more adaptive agent behaviour. It is hoped that such research 
will provide insight into the types of environments and interactions that influence the 
evolution of emotion precursors associated with affective expression and perception. 

� �� �� �� � $ JHQW�,QWHUSUHWDWLRQ�RI�GLVFRXUVH�VLJQDOV�

In order to participate in discourse in a plausible manner, agents must be able to interpret 
signals made by others; only then should such signals be processed and stored internally. This 
involves more than a reversal of the problem of mapping emotions into animation parameters, 
as interpretation is dependant not only on the external signals being conducted, but also 
modulation by internal factors particular to the agent, such as the agents relationship with the 
signaller and personal traits, for example, optimism or pessimism. Such interpretation may 
also be linked to the agents current emotional state. In addition, the active interpretation of 
signals should also imply an enhanced role for the listener during discourse, possibly 
providing listeners with more active roles during discourse planning (DeCarolis et al., 2002). 

6.2 Key Goals in Interaction 

� �� �� � 8 VHU�DJHQW�LQWHUDFWLRQ�

We aim at deeper understanding the verbal and non-verbal factors governing the agent's 
influence on the user's emotional state. Reeves and Nass (1996) have shown that it is 
undeniable that endowing an interface agent with a face and a body will have an affective 
impact on the user and her interaction with the system. To allow for a principled investigation 
of the factors influencing the emotional state of the user and of their effect, we develop a 
testbed for user studies consisting of a game that gives rise to highly emotional situations. 
This surrounding will allow us to 

1. collect a large corpus of bio-signals from the interaction in a controlled environment:  

2. control the factors that may impact the emotional state of the user like 

- verbal (polite vs. rude) and non-verbal (facial expressions, gestures) emotional 
clues 

- different interaction strategies of the system (cooperative, competing, etc.) 
- different manifestations of the system (full-body ECA, talking head, text, sound) 

3. investigate multi-party interactions because at least three players (agent or human) are 
necessary to play the game. This aspect has largely been neglected so far.  
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� �� �� � $ JHQW�DJHQW�LQWHUDFWLRQ�

� �� �� �� � $ WWHQWLRQ�WR�HP RWLRQ�

Emotive faces elicit attention (Vuilleumier & Schwartz, 2001) and neural responses even 
when they are not consciously perceived (Vuilleumier, 2000). Faces with an emotional 
expression tend to attract more attention than neutral faces (Vuilleumier, 2000), especially 
when having some threat related value (e.g. fear (Pourtois et al., 2004) or anger). While the 
initial detection of emotionally relevant events mediated by the amygdala may occur pre-
attentively, subsequent stages of emotional processing appear to require focal spatial attention 
(Holmes, 2003). 

Social attention for speakers and listeners based on facial expressions during social interaction 
is an important aspect in modelling conversational behaviour. During conversation, the 
speaker may pay attention to the faces of listeners in order to obtain feedback of listener 
agreement / empathy. The role of emotional competence in expressions of others should be 
accounted for, not only in speaker to listener attention, but also in listener to speaker, and 
listener to listener attention. Therefore, we view an emotion-based conversational attention 
construct as an important prerequisite to the interpretation of signals for discourse; after all, if 
you are not paying any attention to another person, you will not be opening a clear 
communication channel for allowing full interpretation of their signals. The result of taking 
this approach is that orienting behaviours, such as gaze, should be dual-purpose in that they 
not only convey emotional signals, but are also being used to tune ones own receptors 
preferentially to different interlocutors in a meaningful way. 

Furthermore, facial reactions in the listeners to the speaker (e.g. mimicry to express empathy) 
may also be important for accounting for plausible viewer perception of interacting ECAs. 
When people are exposed to emotional facial expressions, they spontaneously react with 
emotion-relevant facial muscles that tend to mimic the facial stimuli with, for example, the 
zygomatic (smiling) and corrugator (frowning) muscles (Dimberg, 2000). There also appears 
to be gender differences in such reactions  (Helland, 2003) and the extent of the reaction is 
related to, among other factors, differences in emotional empathy (Borgstrom, 2002). 

The speakers attention may also initiate behaviours in others, such as gaze following and 
visual deixis (Holmqvist, in press; Tuite, 1993). When the speaker fixates their own gesture, 
the listener is induced to fixate the gesture as well. This is similar to a specialised type of 
conversational gaze following; such behaviour may also induce the listener to pay attention to 
locations highlighted by the speaker. These features would add to a social attention system. 

� �� �� �� � ( P RWLRQ�P RGHOOLQJ�LQ�JURXS�FRQWH[ WV�

One approach to enhance existing computational models of emotion such as the OCC model 
(Ortony, Clore & Collins, 1988) is to add social aspects (Gebhard, forthcoming). The design 
of such a model should consider the requirements for input and output interfaces of multi-
character applications, which are mostly action/event driven. To compute social aspects, it is 
necessary to identify relevant input, e.g. dialog moves such as insult, encourage, tease, etc. 
These must be subjectively appraised by each character in order to obtain basic emotions and 
to compute social aspects. Such an approach would also make it possible to take into account 
the user' s dialog contributions of his/her emotions. 
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Given that emotions are short-lived phenomena, which means that they can only be used for 
the modelling of short term behaviour, a longer lasting affective state, mood, is required for 
modelling long term behaviour. The cumulated information of each single emotional character 
and the user can be used to compute an overall mood (moral) vector of the group, a social 
integrity vector, mood extremes, and sub groups with the same mood configuration. This will 
enable a new level of interaction design, such as problem coping strategies, and motivation 
strategies for learning environments. 

� �� �� �� � 0 HP RU\ �DQG�NQRZOHGJH�UHSUHVHQWDWLRQ�

The development of a memory system to act as a supportive mechanism for discourse is an 
important goal for generating plausible ECA behaviour. An agents memory of their social 
status and relationship with other agents may effect the amount of attention they pay to other 
agents. Furthermore, memory and emotion are intertwined; accessing emotional memories 
may cause a change in the agents current emotional state (Bower, 1981). In terms of agent 
memory, there would appear to be three key areas of agent long-term memory open for 
consideration (Eysenck & Keane, 2000): 

- Autobiographical memory of personal events and experiences that shape the 
background, motivations and beliefs of the agent. Self-description, emotional 
experiences, events. Important for providing a basis for emotion and idiosynchrasies in 
motion (Conway & Pleydell-Pearce, 2000). 

- Social memory of perceived identification and traits of others, perceived social 
relationship network involving others. Provides a basis for social perception that 
would be of importance to social behaviour. Organisation of person impressions. 
Provides the agent with a memory of social contacts that may change the attitude and 
behaviour of the agent towards them. 

- Semantic memory, possibly for associating interaction concepts, emotion, 
personalities, objects. 

In specifying memory structures, representation of the data to be stored is of particular 
interest. One possibility would be to investigate a representation language linked to current 
conversation languages. Emphasis could be put on the ability to be able to provide multiple 
detail levels for such representation structures and the conversion between input, stored and 
output representation languages. Granularity and attenuation would appear to be important 
concepts in this area. 

6.3 Key Goals in Generation 

� �� �� � %HKDYLRXU�H[ SUHVVLYLW\ ��

We seek to provide a computational model to capture expressivity in human behaviour. 
Expressive behaviour is defined both by the signal chosen to convey the meaning of the 
communicative act and the quality or form of execution. Displays of emotion have  
previously been linked to particular facial expressions, vocal parameters, as well as gaze 
direction and gesturing.  Emotional activation can be characterized on a scale of continuous or 
discrete intensity (e.g, the range from 0 to 1 or the categories slight, medium, or strong). We 
want to address the question of how visible behaviours vary in relation to emotional intensity. 
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How are signals affected for a particular modality? And how are signals synchronized across 
modalities? In essence, we are looking to establish a mapping between the intensity of motion 
on the one side and the qualitative signal composition of an expression on the other hand. 
What does intensity mean for the different modalities: face, gaze, gesture, body posture? Each 
of these modalities is governed by different set of parameters:  

- Face: facial muscular contraction, temporal values of a facial expression, ¼   

- Gaze: gaze direction, ratio mutual gaze over gaze aversion, ¼   

- Gesture: spatial and temporal dimensions of a gesture, velocity, ¼   

- Body: rhythm, amplitude, orientation, ¼   

Thus the problem is to define the mapping between the uni-dimensional intensity of a given 
emotion and the multi-dimensional parameters for each of the modalities (face, gaze, body, 
gesture). 

� �� �� �� � &RP P RQ�IHDWXUHV���VHW�RI�H[ SUHVVLYLW\ �DWWULEXWHV��

We propose to capture expressivity with a set of six attributes which we describe below in 
qualitative terms. As part of an individualised agent' s definition, personal default values for 
the expressivity attributes are defined. These values can be supplanted by including 
expressivity information in communicative function tags within our markup language.  

- Overall activation: amount of activity (quantity of movement) across several 
modalities during a conversational turn (e.g., simultaneous use of facial expression and 
gesture to visualize communicative acts ± passive/ static or animated/engaged).  

- Spatial extent: amplitude of movements (e.g., amount of space taken up by body; 
amplitude of eyebrow raise) 

- Temporal: duration of movements (e.g., quick versus sustained actions) 

- Fluidity: smoothness and continuity of overall movement (e.g., smooth, graceful 
versus sudden, jerky) 

- Power/Energy: dynamic properties of the movement (e.g., weak/relaxed versus 
strong/tense) 

- Repetitivity: tendency to rhythmic repeats of specific movements along specific 
modalities. 

Overall activation is singly float-valued and ranges from 0 to 1. Each of the other attributes is 
also float-valued and defined over the interval [í � �� @��ZKHUH�WKH�] HUR�SRLQW�FRUUHVSRQGV�WR�WKH�
actions our generic agent without expressivity control would perform. Overall activation, 
Fluidity and Power act on the entire agent animation calculated for a conversational turn, 
while the other parameters generate only local changes specific to one communicative act. 
Though not represented in our literature review, the concept of repetitivity was added from its 
appearance in an annotated gesture corpus (Martell et al 2003). Wachsmuth (1999) has 
previously identified the importance of rhythm in nonverbal behaviour but has only used it to 
guide gesture recognition, not synthesis.  
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� �� �� �� � 0 DSSLQJ�( [ SUHVVLYLW\ �WR�$ QLP DWLRQ�3DUDP HWHUV�

Given a particular type of action and a set of values in the expressive space, how can we 
modify non-verbal behaviour production to communicate the appropriate expressive content? 
Here we wish to investigate the problem of creating non-verbal motions in an expressive 
manner based on high level parameter(s) that may also be used to specify expressivity for 
other modalities. This will involve an investigation of how to map a unidimensional 
expressivity parameter onto low level modality parameters for gaze, gesture and face 
descriptors, such as averted gaze frequency, muscular contraction velocities, wrist trajectories, 
gesture space extent, eye/head contribution, and duration of gaze motion.  

� �� �� � ( P RWLRQDO�6SHHFK�0 RGHOOLQJ�

� �� �� �� � ,P SURYLQJ�HP RWLRQDO�SURVRG\ �UXOHV�VR�DV�WR�FRQYH\ �QXDQFHV�LQ�HP RWLRQ�

Existing research has proven that extreme emotions can be expressed in speech synthesis 
sufficiently well to allow for their distinction by listeners based solely on the vocal 
parameters. This, however, is not what is required in applications, where the tone of voice 
primarily needs to be consistent with the situational context, the verbal content, and visual 
channels through which emotions are being expressed. 

The types of emotion required for applications are not immediately clear. While in Virtual 
Theatre type applications, it may be desirable to express strong and even exaggerated 
emotions, in Human-Machine Interaction applications, emotions by the system will generally 
be of low intensity and used to improve the naturalness of a dialogue. 

At least two choices exist for modelling nuances of emotion: 

- Modelling of general emotional properties; 

- Modelling of low-intensity emotion-related states specific to a given application 
domain. 

6.3.2.1.1 Modelling of general emotional properties 

When modelling general emotional properties, such as those captured by the emotion 
dimensions activation, evaluation and power, a system becomes very flexible and can be used 
in a large variety of communciation situations. While first steps in this direction have been 
made (Schr� der, 2004; Schr� der, to appear), the quality of such modelling needs to be 
improved along two axes: 1) models of the acoustic correlates of low-intensity emotions 
(including the ability to capture the acoustic correlates of smiled speech); 2) signal 
manipulation and  corpus-based technologies for realising these models during speech 
generation. 

6.3.2.1.2 Modelling of specific emotion-related states 

For a given application domain, it may be more beneficial to model as closely as possible the 
types of emotion-related states relevant for that domain. For example, in a call-center 
application, relevant states may include ªfriendlinessº, ªconcernº, ªappeasementº, ªregretº or 
similar, rather than plain emotions. In order to determine which states are relevant in a given 
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domain, and to model them for speech synthesis, a corpus containing a lot of material from 
few speakers would be optimal. 

� �� �� �� � 7RZDUGV�KLJK�TXDOLW\ �DFRXVWLF�SURVRGLF�P RGLILFDWLRQV�

As mentioned in previous sections, generative synthesis methods currently do not allow for 
the production of high quality emotional speech. To improve the output speech quality, a first 
necessary step would be to use more sophisticated generation models. More precisely, it 
seems important to have parametric models capable of extracting pertinent acoustic 
information from the speech signal. Among these models, the HNM (Harmonic plus Noise 
Model) has the interesting property of separating the signal into a deterministic (harmonic) 
component and a stochastic (noise-like) component. Such a decomposition has been tested in 
the framework of speech synthesis and offers better robustness in the case of prosodic 
modifications (especially time stretching). Moreover, the HNM provides a description of the 
spectral envelope of the speech signal. So this model should also be suited to acoustic 
modifications (eg modification of formant frequency). For all these reasons, HNM synthesis 
should be used, improved and tested in the context of emotion restitution. 

In the meantime, some progress needs to be made in the control of glottal source parameters. 
Some of these parameters have shown their usefulness in the context of emotion recognition, 
such as the Normalized Amplitude Quotient NAQ (Alku & Vilkman, 1996; Campbell & 
Mokhtari, 2003; Rossato, Audibert & Auberg� , 2004); the Open Quotient OQ (Henrich, 
2001); or the Harmonic to Noise Ratio HNR (d'Allessandro, Darsinos & Yegnanarayana, 
1998; Alter et al., 2000). However, to our knowledge, there is no procedure capable of 
automatically extracting such features with sufficient robustness. Furthermore, there is also a 
real need to design synthesis algorithms which could control voice quality parameters. So 
voice quality control is a topic of research which should receive particular attention in order to 
improve emotion synthesis. 

� �� �� �� � $ GDSWDWLRQ�RI�FRUSXV�EDVHG�WHFKQRORJLHV�IRU�HP RWLRQ�UHVWLWXWLRQ�

As mentioned above, corpus-based techniques have become a standard in speech synthesis as 
they achieve speech synthesis with good naturalness. This assertion is true in the context of 
vocal services for which a reading style is sufficient. However, adapting this technology to 
emotion synthesis remains a formidable challenge. 

The corpus-based technology essentially relies on the database, which means that the output 
speech synthesis reflects the content of the corpus. When designing a corpus-based speech 
synthesis system, it is therefore crucial to build a corpus containing the required 
characteristics. In the case of emotion restitution, this amounts to storing the different 
synthesis units with the desired emotional characteristics. Some solutions have been proposed 
when the aim is to convey a limited set of emotions. In such situations, basic emotion 
labelling of the speech signal might be sufficient. However when more subtle emotions are to 
be synthesised, it is important to have a richer description of the emotion characteristics of the 
speech units contained in the database. This can be done for example by adopting a 
continuous representation of the emotional state using the emotion dimensions activation, 
evaluation and power. Given an annotation scheme of a speech corpus along these 
dimensions, it then becomes possible to determine how the units in the corpus populate the 
emotional space. 

Once a corpus has been designed, the second step is to adapt a corpus-based speech synthesis 
system so that it can control the emotional content of the output speech. This problem can be 
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solved by enriching the unit selection module with emotional information. For that purpose, it 
is for example worth introducing a cost function measuring how a candidate unit fits with a 
given emotional target.  

At first glance, corpus-based technology seems appealing for emotional synthesis as they 
essentially require (at least intuitively) a careful database design as well as an accurate unit 
selection procedure, without any need of a sophisticated analysis-modification-synthesis 
processing. More specifically, limited domain applications should be considered as interesting 
exemplars for corpus-based emotional speech synthesis, as the corpus design phase should be 
relatively easier than in the framework of more generic Text-to-Speech synthesis applications. 
So, experimentations should be first carried out for limited domain synthesis before being 
extended to more general applicative contexts. Moreover, systematic evaluation of corpus-
based and diphone-based emotional synthesis should be carried out so as to attest which 
solution is the most viable in both frameworks. 
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7 Relation to other workpackages 

7.1 WP6-WP3 (Theories and Models) 

Connections can be established with WP3 in particular with respect to the definition of a 
methodology for expressive gesture analysis and of a conceptual framework for expressive 
gesture processing. Models defined and experimented in WP3 can be evaluated in this WP 
with respect to their relevance for understanding the role of expressive gesture in interaction. 

7.2 WP6-WP4 (From signals to signs of emotion) 

� �� �� � 6SHHFK�DQDO\ VLV�DV�DQ�HQDEOLQJ�WHFKQRORJ\ �IRU�VSHHFK�V\ QWKHVLV�

In corpus-based synthesis, voice database creation is a major and expensive task. A large 
speech corpus is required for obtaining a high-quality, domain-independent voice. The quality 
of the voice crucially depends on the accuracy of the labels associated with the recorded 
speech material. 

Obtaining high-quality automated labelling of a database is a key enabling factor for creating 
new voices. The technology needed for this task is closely related to the signal analysis 
algorithms discussed in WP4. 

While this is true for non-emotional corpus-based speech synthesis, it may become even more 
true in future emotional corpus-based speech synthesis: Automatic emotion labelling based on 
the acoustic voice parameters could enable an emotion-proximity target cost used in unit 
selection. Alternatively, or in addition, prosody and voice quality parameters known to be 
relevant for emotion expression could be automatically labelled in the corpus and could be 
used as a parametric target cost given an acoustic emotional target. 

� �� �� � 0 XOWLP RGDO�$ QDO\ VLV�E\ �6\ QWKHVLV�

A strong collaboration is expected in this sector especially with WP4, where signal processing 
results in multimodal feature extraction and understanding. 

Issues related to synthesis are the first topic of such possible collaboration for interweaved 
analysis and synthesis approaches. Perception and interaction can be based on the signs of 
emotion extracted and concluded by the multimodal analysis of WP4, while monitoring of the 
interaction with specific users can provide crucial feedback to WP4 related to the performance 
of the results/signs being provided by it. This feedback can be taken into account by WP4 
techniques, so as to further improve the obtained results. 

In this framework, expressive avatars may be driven by selected, meaningful features from 
WP4, while in the same time providing feedback on the validity of the analysis processes from 
monitoring the interaction with actual users or other avatars. 
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7.3 WP6-WP5 (Databases) 

With WP5 we will look at the problem of on the one hand at how to best collect, annotate, 
represent information from corpus and on the other hand at how to use it to built interfaces 
and in particular ECAs.  

One application of corpus analysis and annotation regards the specification of the relation 
between emotion and multimodal behaviour of an ECA based on a model built from a 
multimodal database. Another one is about grounding the perception of the user' s emotional 
behaviour by the system on a model built from corpora. 

Some issues related to the use of annotations for the specification of conversational agents are 
addressed in (Martin et al. 2004). Several other issues remains to be tackled: How to consider 
context in annotation? How to combine context dependant data from annotated corpora and 
general models which can be found in the socio-linguistics and psychological literature? 
Which level of annotation in each modality is necessary for a proper generation of emotional 
behaviour? How to bridge the gap between annotations models and high level specification 
languages used for ECA?  

7.4 WP6-WP7 (Emotion and Cognition) 

A relation might also emerge with WP7 (Emotion in Cognition & Action). In particular, it 
might be worth investigating the relationship among expressive gesture and cognitive 
processes, e.g., how much cognition is affected by information conveyed by expressive 
gesture? How relevant are the cognitive and the affective processes in interaction? 

We also wish to interact with WP7 on the topics of: 

- Visual attention towards faces and gestures as part of a general environmental 
attention mechanism for early social interaction: It is important for autonomous agents 
in a virtual environment to pay attention to the faces of other agents if recognition and 
social contact is to take place. This theme therefore focuses on how attention to faces 
may initiate social contact, and may also consider the attention to gestures to elicit 
attention. 

- Interactions between emotion and low level memory operations: We wish to 
investigate the role emotion plays in low level memory encoding and retrieval 
operations (Bowler, 1981; Hamann, 2001). 

7.5 WP6-WP8 (Persuasion) 

To investigate the possibilities of engaging the user through emotional interaction, we will be 
working with WP8. Aiming at characterizing interfaces that engage the user emotionally 
through multimodal interaction. We wish to investigate the effects of gaze and facial 
expression on the persuasiveness of an agent on a human viewer, particularly in terms of 
influencing the users emotional state. Avenues of investigation include the effects of eye 
contact, gaze direction, facial expression and blinking on the persuasive abilities of an agent.  
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7.6 WP6-WP9 (Usability) 

In relation with WP9 we aim at applying user centred evaluation methodologies to build 
emotionally design interfaces. Interaction will be done by participating at the elaboration of 
two exemplars described in Deliverables 2 of WP9, namely ªUsing Casual, Contextual Video 
Recording for Affective System Development. System Context: Gossiping Face Projectº and 
ªWoZ Puppet. System Context: Greta Face System Iterationº. We will also interact with WP9 
to establish WoZ studies to evaluate parameters intervening in visual and audio synthesis. 
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8 Preliminary ideas about possible exemplars 

8.1 Behaviour expressivity of ECA 

We aim at modelling expressive Embodied Conversational Agents (ECAs). ECAs are entities 
with a virtual human appearance that communicate multi-modally with users through voice, 
facial expression, gaze, gesture, and body movement. To increase the believability and life-
likeness of ECAs, they ought to display emotions and co-verbal behaviours. Until now most 
ECA systems have concentrated solely on defining computational models of behaviour 
selection, that is which behaviours to choose for a given communicative act. Not much 
attention has been given to the notion of expressivity -- how people differ in their ways of 
performing behaviours that accompany acts of speech. Controlling qualitative variability of 
these signals is essential though for realizing high-level agent functions such as the display of 
emotion, personality, or gender. Since such functions may modify actions in complex and 
competing ways, and since the nature of these influences is not well understood, we restrict 
our attention on only generating phenomenologically accurate behaviours without claiming to 
correctly represent internal processes. 

In this exemplar, we investigate how ECAs may express a given communicative goal, such as 
conveying emotion, along with its intensity: which signals should be selected with which 
qualitative modifiers to realize the communicative goal? To modify signals in a meaningful 
way, we focus on developing an intermediate level of behaviour parameterization, a set of 
dimensions of expressivity. We regard expressivity parameters as useful enabling tools to 
mediate between holistic, qualitative communicative goals and low-level animation 
parameters. Expressivity parameters should allow for the realization of a substantial subset of 
high level functions, while providing an efficient conversion into animation parameters in a 
near-realtime environment. 

Based on surveys of social psychology literature and the input of other HUMAINE members, 
we seek to capture expressivity with a small number of numerical attributes that define a 
variability space for nonverbal signals. Each attribute should modify some spatial or temporal 
aspect of a signal in a well-defined way. We then want to establish intensity characterizations 
for a number of signals by linking minimum and maximum intensity instances of a 
communicative act to parameter combinations in the expressivity space. The connection 
between signal intensity and expressivity parameterisation is a key problem that we wish to 
solve with the help of theorists within HUMAINE as well as through user evaluation studies 
and potentially statistical learning methods. 

Main issues of this exemplar are: 

- finding a good set of parameters that apply across modalities 

- establishing the link between intensities of a communicative goal and expressivity 
parameters 

- addressing multimodal integration issues of signals in emotional behaviour 

- investigating the influence of multiple, hierarchically nested communicative goals on 
signal production. 
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This work would be used for the exemplar WoZ Puppet Interface that is done in relation with 
WP9. 

8.2 Attention-based ECA discourse  

We may wish to investigate the use of attention models that focus on the emotions of other 
agents for the purpose of improving the flow of conversation involving multiple ECAs. 
Contemporary systems are somewhat rigid in their modelling and regulation of turn-taking 
mechanisms and conversation flow. In this exemplar, we should seek to improve the 
flexibility of conversational models by using discourse control based on attention, in 
particular to signals related to emotions (with an emphasis on gaze, also facial expression and 
gesture). In terms of paying attention to the emotion of others, we highlight four key factors 
for consideration: 

1. The perception and interpretation of signals from the point of view of the ECA.  

2. Weighting and combination of different attention modalities into a single indicator of 
where attention should be directed at any given time in the discourse. 

3. Storage of the information so that the ECA can remember details of the conversation 
and also add to their own internal models (e.g. simplified ªtheories of mindº) of other 
ECAs which may affect their behaviour towards them.  

4. Generation of suitable expressive gaze behaviours. 

The goal of this approach is to provide listeners with a more active role during conversational 
dialogue and improve the flexibility/autonomy of ECA discourse. This can be achieved by 
improving the dynamics of discourse between multiple ECAs through the use of highly 
simplified internal models. Such models may be inspired at some level by internal human 
processes. We emphasise that such development should be geared only towards generating 
plausible ECA behaviour and should not be interpreted as contribution to the investigation or 
low level modelling of actual internal human processes. 

8.3 A model for reactive agents  

The objective will be to synthesize virtual characters able to display spontaneous emotive 
behaviour as reaction to internal and external stimuli. We aim at defining a model of reactive 
behaviour to synthesize spontaneous gestures ªmodulatedº by an ªemotional layerº. The 
model will enable a character to react to virtual stimuli/events perceived through virtual 
sensors: audition, vision, touch. Spontaneous behaviour will consist on gestures reflecting 
emotions such as joy or fear as a reaction to events like the arrival of another virtual character 
in the scene, or the detection of virtual/real objects with associated functions and/or dangers. 
For example, a virtual character would gesticulate in different ways and intensities to show 
the emotion caused by meeting again a virtual character or human. On a lower level of 
behaviour, the character would be able to react with fear or surprise to unexpected sounds, 
objects or characters.   

This model could build upon autonomous animation systems such as the one described in 
(Gutierrez et al., 2004), where the authors propose a control system inspired on the human 
nervous system and applied it to generate autonomous behaviour on virtual humans: reflex 
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movements of the arm. Other works that will serve as starting points include the work of 
Conde et. Al. (2003) where a learning model for autonomous virtual humans is presented. 

8.4 Influencing the user' s affective state  

We aim at developing ECAs that are interested in the emotional engagement of the user with 
the ECA focusing on the possibilities of influencing the emotional state of the user in a 
principled way. This, of course, goes hand in hand with the development of guidelines and 
principles how and when such an influence is desirable or acceptable, and how the overall 
control can still reside with the user. Thus, there are strong connections here to WP10 
(Ethics). 

We are developing a first showcase to engage the user emotionally through multimodal 
interaction: GAMBLE (Greta's Affective MoBiLe dicing intEraction, see also WP8). This is a 
small game of dice where one of the game partners is substituted by the Greta Agent 
(developed by Catherine Pelachaud and colleagues). This game can only be won by deceiving 
the other players and by detecting such attempts from the other players. Thus, a highly 
emotional situation is created when the agent blames the user for deceit or when the user 
detects such an attempt and the agent has to react to it.  

This showcase will enable us to investigate how subtle emotional signals employed by a 
conversational embodied agent are perceived by the human user. In particular, we want to 
study how emotions need to be conveyed in order to increase the user's trust in an agent. 
Measuring the user's affective states by means of physiological sensors (see WP4), we will 
investigate how different expressive behaviours of the agent exert an influence on these states. 
Furthermore, the showcase allows us to study emotional interaction within a multi-party 
scenario with several human users - an aspect which has been largely neglected so far. 

This showcase will create special demands for the further development of the Greta Agent and 
will thus result in a tight cooperation between the University of Augsburg and the University 
of Paris8. 

8.5 Emotion for multimodal interaction  

Informal specification document for future bidirectionnal emotional agents (or guidelines for 
specifying an emotional interactive system).  

Application to the specification of 2 applications/exemplars (including the WozPuppet) 

This would detail the different dimensions, sets of attributes and possible values:  

- context (e.g. application, private/public place, user' s profile),  

- multimodal attributes (e.g. types of cooperation between modalities, constraints in 
multimodal relations, temporal relation between modalities, amodal emotion filters, 
combined specification of dialog act / emotion / certainty),  

- specification of interaction attributes/patterns (e.g. feedback, interruptability by the 
listener) 

- modality generic attributes related to emotion (e.g. expressiveness, randomness),  



HUMAINE D6b 

HUMAINE   ,67�) 3� �&RQWUDFW�QR��� � � � � � ��70 

- modality specific attributes (e.g. modality specific emotional filters and thresholds).  

- Application involving emotion in a classical multimodal interaction scheme (e.g. 
shared attention / cross-reference to objects by system and user) 

8.6 Situational context determines inventory of emotions and 
user states  

"Situational context" here means all those factors that contribute to an experiment - and the 
experiment is a more or less close approximation of a possible application: participants (age, 
experience), instructions, task, modalities used, system behaviour, etc. There are some 
databases available that can be used to demonstrate the influence of differences in situational 
context: multi-modal interaction of human (volunteering) with machine (=WoZ): SmartKom, 
(cf. Batliner, 2002; Batliner, 2003; Behringer, 2002; Schiel, 2002); uni-modal interaction 
(speech) of human (volunteering) with machine (real system), call-center scenario: SympaFly, 
(cf. Batliner, 2004a); uni-modal interaction (speech) of children with AIBO robot: AIBO, (cf. 
Batliner, 2004b). Further databases will hopefully be available in the course of the 
HUMAINE project. It can be shown that even slight changes in one of the above mentioned 
factors can have great influence on those phenomena that can be observed - and thus have to 
be annotated, classified automatically and eventually taken care of in the application. 

8.7 Interactive Artistic Performance Testbed  

Models and methods for natural interaction with users are assuming a growing relevance in 
the Human-Computer Interaction field. A consequence of such tendency is the increasing 
importance of the information related to the emotional, affective sphere. If for many years 
research was devoted to the investigation of the more cognitive, intellective aspects of 
interaction, in the last ten years lot of studies can be observed focused on emotional processes 
and social interaction. Consider for example research on Affective Computing at MIT (Picard, 
1997) and research on KANSEI Information Processing in Japan (Hashimoto, 1997). At the 
same time a growing interest can be observed on physicality in interaction: from studying 
human beings as ªbrainsº, the focus moved to the study of human beings as subjects having a 
body interacting with the environment. Thus, the relevance of movement and gesture as a 
main channel of non-verbal communication becomes evident and increasing research efforts 
are devoted to them (see the Gesture Workshop series of conferences started in 1996 and 
collecting a continuously growing interest). A specific field of investigation for this WP might 
therefore be the role of gesture in conveying affective, emotional, expressive content in 
interaction. In this framework, performing arts can be a particularly suitable scenario for 
research: for example, dance as artistic expression of human movement can represent a good 
test-bed for models and algorithms aiming at interpreting the high-level, expressive 
information conveyed by gestures. 

An interactive artistic performance employing expressive gestures for non-verbal 
communication might be a perfect testbed for the research in this WP. Algorithms may be 
employed to extract expressive features from performers'  actions (e.g., dancers, musicians) 
and to map such features in real-time generation of expressive audio and visual content. The 
performance would aim at showing the potentiality of expressive gesture processing for 
multimodal interactive systems in artistic scenarios. Spectators may be asked to provide their 
comments and judgements on the performance and the involved technology in order to 
evaluate the perceived impact of such technology. Techniques for continuous measurements 
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on spectators might be considered. This exemplar may be also connected to WP3 and WP7 
since it may allow an empirical validation of underlying models and methodologies (WP3) 
and it may include models and algorithms addressing cognition-related tasks (WP7). 

8.8 The Role of Affect in Imitation 

In artificial intelligence, and more specifically in robotics, a important problem is making 
decisions. In the case of imitation, there are many decisions to take such as deciding what to 
imitate, when or how. We are not always aware of it, but we often imitate; and others have a 
strong influence upon us. 

Emotion and affect with other agents is essential in the phenomena of daily imitation. On the 
one hand, emotion constitutes internal values that help decision on what, how and when 
imitate. On the other hand, synchronisation and imitation are highly correlated with the 
formation of positive/negative bonds (Hatfield et al., 1994). So it seems very interesting to 
study the correlation between the act of imitation and emotion. 

Although the imitation behaviour seems very complex (and must be), we can produce 
imitation behaviour at a low level(i.e. very automatic) (Andry et al., 2002). Few studies exist 
in this way and none use the role of affect.  

In this exemplar we will use a bottom-up approach and view behaviour as a dynamic  system 
(Steels, 1994). Psychological experiments (Prinz, 1997) seem to show that perception and 
action are coded in the same area. So, the work undertaken here will be based on this fact and 
should concretely credit or discredit this belief, and see how is it useful to the study of 
emotional contagion. 

In this context, we will try to understand emotional contagion mechanisms and to model the 
mimicry underlying it. We will then study the use of  synchronisation in social interaction. We 
will propose biologically and psychologically inspired models, but also want to understand 
how emotion and the synchrony process could be useful in robotics. Our work will focus on 
three main related problems: 

- Learning the value of affect links, thanks to synchronisation. 

- Negotiating social conflict thanks to these links. 

- Cooperating, thanks to the two previous phenomenon. 
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9 Conclusions and Way Forward 

This document provides a detailed overview of the themes to be studied and developed in 
WP6. Several key problems related to interaction, such as the role of emotion in interaction, 
the perception of signals, the generation of expressive gestures, the audio and visual synthesis 
have been described. This document provides also a state of the art of these issues. It also 
elaborates important problems that have not been solved. A set of exemplars are also part of 
this document. Exemplars would be way to work out the unsolved problems as well as to test 
ideas.  

The large amount of information that belongs to this document is due to the effort of all 
partners of WP6 showing their interest and involvement. Several sections are the work of 
collaboration among partners. Collaboration will be further strengthened as exemplars and 
interaction with other WPs will be refined.  
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