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Abstract Many on-line communities still rely on text messages as their privileged
medium of communication and we believe it will remain so even if it can be comple-
mented by images and video. Previous chapters have described how to infer emer-
gent emotion dynamics from text corpus whereas we focus here on the instantaneous
display of a detected emotion with a human avatar. The avatar acts as a new modal-
ity to provide an emotional visual stream of the messages through facial and body
Non-Verbal Communication (NVC). In this chapter we concentrate on chat applica-
tions for which the time constraint is critical for preserving the natural flow of the
discussion. We describe two approaches providing a mapping of an emotion model
to real-time facial expressions. Within that framework, we stress the need for recon-
sidering the expressive power of asymmetric facial expression for better conveying
a whole range of complex and am-bivalent emotions. In the last section we briefly
outline how the emotional avatar modality can be offered with recent software stan-
dards across systems and display environments.
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1 Introduction

In the present chapter we describe how to provide an instantaneous visual feedback
that faithfully convey the emotions detected in a conversational text ex-change as
it happens over time, e.g. through a chat system. The time constraint is a critical
element to take into account in the design of the visual feedback modality to pre-
vent disturbing the communication through a perceptible delay. We have retained
to display the emotions through the users 3D avatar Non-Verbal Communication
(NVC) modality (Fig 1). NVC is a speechless process of communication that
mainly consists of the following animation components: gaze, facial expressions,
head and body orientation, gestures and idle movements [15]. In particular, facial
expression plays an important role in the process of empathy [28], and emotional
contagion [19], i.e. unconscious sharing of the emotions of conversation members.
NVC is triggered by emotional states, social customs, and personal attributes. In the
context of 3D-chatting they should strongly influence character animation, making
the conversation alive, the scenarios more consistent, and the virtual world simula-
tion more ecologically valid. The main issue is that trying to simulate NVC involves
understanding “emotion”, which is not an easy task as this concept is shown to be
difficult to define even by specialists [13, 20]. Another issue arises in a context of
virtual world, it is not possible for users to control all the attributes of their avatars
[14]. In the real world face to face communication, a large part of the information
transmitted is done in an unconscious way, through cues such as facial expressions
or voice intonation. For this reason, users of a virtual world cannot consciously con-
trol those communication attributes, hence motivating our contribution to fill this
gap in virtual communication.

CES: Current Emo�onal State

STE: Short Term Emo�on

LTE: Long Term Emo�on

IPE: Inter-Personal Emo�on

Textual expression input

emoFace

CES = STE + IPE
Emo�onal words of CES and LTE

emoMo on

IPE toward this VH

History of the conversa�on

Red(-1)-Yellow(0)-Green(+1)

Fig. 1: Displaying Non-Verbal facial expressions and body movement to convey
emotions detected from the text of the messages with the SentiStrength tool [33]
[chapter 6]. The short and long term temporal dimension of the emotion display is
managed through the emotion dynamics model presented in [2].
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The next section recalls the key references in the synthesis of NVC for conver-
sational agents and avatars. It is followed by a presentation of our first approach
relying on a 2D Valence-Arousal emotion model and its evaluation through a user
test. The following section describes the model extension to integrate a 3D Valence-
Arousal-Dominance (VAD) representation of emotions for producing facial expres-
sions. We then justify the introduction of some degree of asymmetry in the facial
expression to produce a wider range of emotions, especially ambivalent ones; this
section includes some preliminary evaluation results. Facial expression is comple-
mented with the description of a set of body movements in the next section. The
following two sections provide an overview of the software architecture and the
network management when exploiting the UNITY3D framework. The result sec-
tion illustrates the performances of our approach while the conclusion elaborates on
future research directions.

2 Non-Verbal Communication of emotions

Non-verbal communication has been deeply studied in psychology [34]. Trans-
posing these prior findings to produce plausible NVC for virtual agents is still an
active research topic [22]. Pelachaud and Poggi provide a rich overview of a large
set of expressive means to convey an emotional state [27] including head orienta-
tion. A number of researches about 3D chatting or agent conversational system have
been presented so far. For example, a behavior expression animation toolkit entitled
“BEAT” that allows animators to input typed text to be spoken by an animated hu-
man figure was described in [10]. A few years later, a model of emotional dynamics
for conversational agent has been presented in [6]. Similarly to our approach, their
architecture of an agent called “Max” used an advanced representation of emotions.
Instead of a restricted set of predefined emotions, a dimensional representation was
exploited with the three dimensions Valence-Arousal-Dominance (VAD). Later, an
improved version of agent “Max” has been also presented as a museum guide [21]
and as a gaming opponent [5]. A model of behavior expressivity using a set of
six parameters that act as modulation of behavioral animation has been developed
in [26] as well. Very recently [24] proposed to introduce a constraint-based ap-
proach for the generation of multimodal emotional displays. Those works offer a
good insight about how to derive sequential behavior including emotions.

For what concerns the cooperation between agents and humans, it was found in
[23] that users appreciate to cooperate with a machine when the agent expresses
gratitude by means of facial expressions. For this reason, adding emotional NVC
to virtual environments would not only enhance user experience, but also foster
collaboration and participation in online communities. From an application point of
view the specificity of our approach is to give more weight to the NVC emotional
dynamics among multiple chatting users supported by a real-time model of emotion
expression within a robust network management architecture.
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3 Valence and arousal model

In this section we describe a first emotional model only based on two emotional
axes, i.e. Valence and Arousal. To understand the need and structure of this solution
the following Subsection 3.1 describes the architecture enabling a chatting in 3D
virtual environment between avatars and also autonomous agent. To validate this
model, Subsection 3.2 presents a user-test study demonstrating how the 3D graphi-
cal facial expression enhances the perception of the chatting –see Figure 2.

A B A C A D

(a)      (b)       (c)

A: avatar of user 1      B: avatar of user 2 A: avatar of user 1 C: autonomous agent of computer 1   A: avatar of user 1         D: false agent of computer 2: Wizard of Oz (Woz)

Blah
Blah

Blah Blah
Blah

Blah
Blah

Blah
Blah

Fig. 2: A comic representation of semantic and nonverbal communication in virtual
environment: (a) VH (avatar) “A” chatting with VH (avatar) “B”; (b) “A” chatting
with an agent (VH derived by a computer) “C”; (c) “A” believing to chat with an
agent but in reality chatting with another VH (avatar) “D”, i.e. a Wizard of Oz with
the acronym (Woz).

3.1 Architecture

In this section we highlight the necessary components allowing virtual humans (VH)
conversations with consistent facial expression -either between two users through
their avatars, between an avatar and an agent, or even between an avatar and a Wiz-
ard of Oz. We believe such an approach is particularly suitable for the design and
implementation of applications involving VHs interaction in virtual worlds.

To this end, the following key features are needed to design and implement this
system entitled 3D-emoChatting:

• a global architecture that combines components from several research fields;
• a real-time analysis and management of emotions that allows interactive dia-

logues with non-verbal communication;
• a model of a virtual emotional mind called emoMind that allows to simulate

individual emotional characteristics.

This VR architecture –illustrated in the Figure 3–is enabling a chatting dialog
with semantic (i.e. text utterances) including emotional communication based on
valence and arousal emotional dimensions. The main steps of this model are as
follows:
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Layer 1: “factual” processes
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Fig. 3: Summary of the general process pipeline where the direct communication
layer is represented by the three green engines and the nonverbal engines in red.
Arrows represent the data transfer between different engines. Details of each engine
can be found in [17].

• An avatar or an agent can start a conversation, and every text utterance is a new
event that enters the event engine and is stored in a queue;

• The sentence is analyzed by classifiers to extract potential emotional parameters,
which are then refined to produce a multi-dimensional probabilistic emotional
histogram (PEH) [16], that define the heart of the emotion model for each VH.
In our approach, we concentrate on “wider displays of emotion” driven by a
Valence-Arousal {v,a} plane, which brings various facial expressions from any
given VA coordinate;

• This generic PEH is then personalized depending on the character (e.g. for an
optimist this would introduce a shift towards higher valence);

• Then a new current {v,a}(emotional coordinate axes valence and arousal) state is
selected among the VH mind state;

• The resulting emotional {v,a} values are transmitted to the interlocutor;
• If this is a conversational system (such as the affect bartender used in Sec-

tion 3.2), then it produces a text response potentially influenced by the emotion;
• In parallel, and depending on the events, different animated postures are selected

(e.g. idle, thinking, speaking motions);
• This process continues until the end of dialog.
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As shown in the Figure 3, all interdisciplinary aspects of verbal and non-verbal
communications are included (i.e. data mining, VR, CG, distant protocols, artificial
intelligence, and psychology), we believe this model to be of a real practical use for
entertainment applications involving virtual societies.

Details relative to this architecture model are presented by Gobron et al. in [17].
The following subsection describes a user-test study including changes in facial

emotion, an autonomous conversational system taking the role of agent and even a
Wizard of Oz enabling to deduce some subjective effects.

3.2 User test

This sub-section presents a user-test study relative to virtual worlds to demonstrate
the impact of automatically generated graphics-based NVC expressions on the dia-
log quality.

Two research issues motivate this use of a user-test tool: first, evaluating the im-
pact of no-emotional and emotion facial expression simulation on the chatting expe-
rience and second, understanding whether people like chatting within a 3D graphical
environment. For that purpose, we try to answer the following questions relative to
two fundamental aspects of chatting through VHs:

• What is the influence of facial expressions that are induced from text dialog?
• What is the impact of nonverbal cues in conversation with a chatbot or with a

human operator with a wizard of oz approach?

Examples of users performing the test with different bartender conditions are
proposed in Figure 4. (a) Users enjoying our chatting system (user face camera
1); (b) Second view at the same moment showing the user interface (global view
camera 2); (c) to (f) Close up of the user interface: (c) Message window, where user
type input and receive an answer from an agent or a Woz; (d) Facial expression of
user’s avatar generated by our graphics engine; (e) Bartender who could be an agent
or a Woz; (f) A tag showing different condition of the bartender; (g) Setup during
user-test where two cameras were recording the chatting.

The study involved 40 participants; we proposed only subtle facial expressions
and head movements induced from spontaneous chatting between VHs and the par-
ticipants. All of them performed four experiments: with or without facial emotion
and with a conversational system or a Wizard of Oz – see Figure 5. Notice that the
color code used in this figure is also used in the charts in Figure 6.

In the figure 6, only graphs of the first row–that represent conversations between
humans–provide statistically significant differences to allow a conclusion: when
chatting with facial expressions (even subtle compared to random limb animation),
the chatting enjoyment, the emotional connection, and even the text consistency are
perceived by users to be improved.

In summary, this test demonstrated that the influence of 3D graphical facial ex-
pression enhances the perception of the chatting enjoyment, the emotional connec-
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(a)     (b)    (c) (d) (e) (f )      (g)
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Fig. 4: Settings of the user-test.
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Fig. 5: Four conditions of the user-test identified by specific patch textures on the
bartender: a yellow star, a blue medal, a green tag, and a red ribbon. As conditions
where randomly ordered, users were told to pay attention to these textures and even-
tually to take notes to help them answering the questionnaire.

tion, and even the dialog quality when chatting with another human. This implies
that nonverbal communication simulation is promising for commercial applications
such as advertisements and entertainment.

Furthermore, the test setup that was created provides a solid foundation: first, for
further experiments and statistical evaluations at individual level (i.e. one to one VH
communication); second, for extension to crowd interaction, a kind of “virtual so-
ciety” level, e.g. MMO applications including realistic emotional reaction of user’s
avatars and AI system’s agents.

More details on this work can be found in [18].
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Fig. 6: First (Top) comparison of user appreciation and influence of the subtle fa-
cial expressions when missing or present. Comparison of average (µ) and standard
error of the mean (σM) percentages are presented respectively in green and black.
Second (Bottom) comparison of user appreciation: when chatting with a machine
or a human (Woz). Comparison of average (µ) and standard error of the mean (σM)
percentages are presented respectively in green and black. Three of the six graphs
provide sufficient statically significant differences for a conclusion: when chatting
without facial expressions, chatting is more enjoyable and emotional connection
seems improved with a machine than with a human; and if facial expressions are
rendered, users have a stronger emotional connection when chatting with a human.
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Fig. 7: Keywords and iconic representation for a sampling of the VAD emotion
space.

4 Integrating the Valence-Arousal-Dominance model of emotions

Stemming from the mid 1970’s, an emotion space spanned by three independent
dimensions has been proposed with slightly different terms depending on the au-
thors [9, 29, 31]. The first axis (Valence) represents the positivity or negativity of
an emotion. The second one (Arousal) describes the degree of energy of the emotion.
Finally, the third axis (Dominance) indicates the feeling of power of the emotion.
Figure 7 illustrates a sampling of this 3D emotion space with an iconic representa-
tion and associated keywords [2].
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Fig. 8: The twelve Facial Part Actions (FPA) retained for producing facial expres-
sions. Intensity is normalized mostly within [-1,1] except for FPA5 and FPA6 [0,1].
The related Action Units (AU) from [12] appear under the iconic representation of
the muscle group action.

Based on the set of Action Units (AU) identified in [12] we have retained to
produce facial expressions through the action of twelve Facial Part Action (FPA)
corresponding to antagonist muscle groups (Fig 7). We privileged to express the
normalized activity of each FPA as a linear function of the three VAD emotion
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parameters to minimize the computing cost at run-time. Briefly stated, each FPA
activity being a linear function of Valence, Arousal and Dominance, we only have
to identify one coefficient for each dimension. We consider that the origin of the
VAD space is the neutral expression for which all FPA activities are null, hence all
the linear functions pass through the origin.

The linear mapping has been calibrated on a sample of eighteen emotion key-
words listed in Table 1. These eighteen emotions include the six basic emotions
(fear, anger, sadness, surprise, joy, disgust) and twelve additional emotion key-
words from the ANEW set [8] to ensure a homogeneous coverage of the VAD
space. Table 1 displays the VAD coordinates of each keyword and the correspond-
ing FPA normalized intensities (Fig 9) to produce the associated facial expression.
The optimized linear coefficients appear in the last 3 lines of the table. For example,
the normalized intensity y of FPA7, responsible of the smiling muscles (Fig 7), is
expressed as : y = 0.55 v - 0.08 a + 0.37 d, where v, a and d represent respectively
the normalized amplitude of the valence, arousal and dominance (Fig 7).

Fig. 9: (left) preprocess to identify the VAD to FPA activity mapping; (right) ex-
ploiting the mapping to generate facial expression at run-time for a given emotions
in the VAD space [3].

5 Revisiting the facial expression of emotion through asymmetry

In the field of real-time applications, economic constraints of character design cost,
run-time computing cost and memory footprint have often resulted into the produc-
tion of symmetric faces. Likewise the VAD emotion model is associated by default
to the synthesis of symmetric facial expressions. However, if one takes a look at
the emotional expressions from pictures, movies or the real world, there is ample
evidence that neither a face, nor its expression are always perfectly symmetric [30].
This observation is supported by numerous studies in psychology such as those re-
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Emotions V A D FPA1 FPA2 FPA3 FPA4 FPA5 FPA6 FPA7 FPA8 FPA9 FPA10 FPA11 FPA12
Afraid -0.75 0.42 -0.26 -0.5 1.0 1.0 -0.5 0.5 0.0 -0.5 0.0 1.0 1.0 1.0 0.0
Angry -0.54 0.54 0.14 1.0 -1.0 0.5 1.0 1.0 1.0 -1.0 0.0 -0.5 1.0 0.0 0.0
Disgusted -0.64 0.11 -0.17 1.0 -1.0 -1.0 -0.5 1.0 1.0 -1.0 0.5 0.5 1.0 1.0 0.0
Happy 0.80 0.37 0.41 -0.5 0.0 0.0 0.5 0.0 0.5 1.0 1.0 0.0 -0.5 0.0 1.0
Sad -0.85 -0.22 -0.39 -0.5 0.0 -0.5 -0.5 0.0 0.0 -0.5 -0.5 -0.5 -1.0 0.0 0.0
Surprised 0.62 0.62 0.28 -0.5 1.0 1.0 0.5 0.5 0.5 0.0 0.0 0.5 1.0 0.0 0.0
Anxious -0.05 0.48 0.08 0.5 -0.5 0.0 -0.5 0.0 0.5 -0.5 0.0 0.5 0.0 0.5 0.0
Bored -0.51 -0.54 -0.22 -0.5 0.0 -0.5 -0.5 0.0 0.0 -0.5 0.0 0.5 -0.5 0.5 0.5
Consoled 0.20 -0.12 -0.14 -0.5 0.5 0.0 0.0 0.0 0.0 0.0 0.5 0.5 -0.5 0.0 0.5
Gloomy -0.78 -0.29 -0.36 -0.5 0.0 -0.5 -0.5 0.0 0.0 -0.5 0.0 0.5 -1.0 0.5 0.0
Hopeful 0.53 0.20 0.10 -0.5 0.5 0.5 0.5 0.0 0.0 0.5 0.5 0.0 0.5 0.0 0.5
Indifferent -0.10 -0.46 -0.04 -0.5 0.0 -0.5 -1.0 0.0 0.0 0.0 0.5 0.0 0.0 0.5 0.5
Inspired 0.54 0.26 0.42 0.0 0.5 0.5 1.0 0.5 1.0 0.0 0.5 0.5 0.5 0.0 0.0
Overwhelmed -0.20 0.50 -0.28 0.5 -0.5 0.0 -0.5 0.5 0.5 0.0 -0.5 0.5 -0.5 0.5 0.5
Peaceful 0.68 -0.51 0.11 -0.5 0.0 -0.5 0.0 0.0 0.0 0.5 0.5 0.0 -0.5 0.0 1.0
Pleasant 0.82 0.19 0.29 -1.0 1.0 0.5 0.5 0.0 1.0 1.0 1.0 0.5 0.5 0.0 0.5
Relaxed 0.50 -0.65 0.14 -1.0 0.5 -0.5 0.0 0.0 0.0 0.5 0.5 0.0 -0.5 0.0 0.5
Shy -0.09 -0.31 -0.39 0.0 0.0 -0.5 -1.0 0.5 0.0 0.0 -0.5 1.0 -0.5 0.5 0.0
βvi -0.42 0.63 0.19 0.29 -0.32 0.13 0.55 0.48 -0.07 0.07 -0.46 0.52
βai 0.46 -0.02 0.49 0.25 0.59 0.51 -0.08 -0.00 0.35 0.56 0.06 -0.22
βdi -0.12 0.35 0.32 0.46 -0.09 0.36 0.37 0.52 -0.58 0.37 -0.48 0.26

Table 1: Set of eighteen calibrating emotions and optimized coefficients for the
twelve FPA linear mapping.

viewed by Borod et al. [7], and by recent findings in psychophysiology stating
the possible simultaneous activation of emotions with positive and negative valence
[25].

Our major motivation for considering asymmetry in the facial expression of emo-
tion is its ability to convey a wider spectrum of complex emotions, in particular
those simultaneously displaying conflicting emotions, also known as ambivalent
emotions [3]. It is our conviction that integrating the asymmetry dimension into the
real-time facial expression model increases the believability of avatars and virtual
human agents.

By definition a symmetric facial expression displays the same twelve FPA in-
tensities on both sides of the face. In order to produce an asymmetric expression
we allow five FPA to have a different intensity on the left and right sides of the
face. These asymmetric FPAs are related to corrugator, orbicularis, and zygomatic
muscles, which are mostly observed for left/right asymmetric facial expression from
EMG experiments [32, 11, 35]:

• Corrugator supercilii: facial muscle placed on the inner side of the eyebrow
(FPA1 and FPA2)

• Orbicularis oculi: facial muscle that closes the eyelids (FPA3)
• Zygomatic major: facial muscle which draws the angle of the mouth upward and

laterally (FPA7 and FPA8).

The proposed editing framework is described in Figure 10. It offers two differ-
ent types of run-time input edited at pre-processing stage: (1) a pair of VAD values
adjusted with the face-edit parameters described in Fig 10 left; or (2) a pair of VAD
flows manually designed by an animator. For an efficient face edit pro-cess, the pro-
posed interface provides a list of 117 emotional keywords, each linked to a VAD
value. These keywords were chosen among the 1,035 words provided in the ANEW
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Table [8]. The face edit operators are necessary to adjust the two component emo-
tions as their default VAD coordinates rarely match to produce a believable asym-
metric expression. The principle of these operators is to allow a local displacement
in the VAD space along the following independent directions: Valence, Arousal and
Dominance axis, and/or applying a 3D scaling factor W and/or introducing a bias
b controlling the inter-face weight I between the two component emotions (Fig 10
left). This process is illustrated on Figure 11 with two examples of complex emo-
tions.

Fig. 10: (a) Asymmetric face edit parameters; (b) Asymmetric facial expression
pipeline.

Fig. 11: The emotion above the red (resp. blue) box appear on the left (resp. right)
side of the composite facial expression (green box) after the action of the face edit
operators W and D.
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We have conducted an experimental study with 58 subjects to evaluate the pro-
posed VAD framework and the impact of asymmetric facial expressions [1]. Subject
were shown 64 pairs of static facial expressions, one symmetric and one asymmetric,
illustrating eight emotions (three basic and five complex ones) on two virtual char-
acters, one male and one female. They were asked to grade each facial expression
on a continuous scale about its ability to correctly represent the associated emotion
(Fig 12). The analysis of the results is still going on but we can give a first overview
in Figure 7. Although not always the case, results tend to confirm the preference
for symmetric face for expressing basic emotions (sadness, peaceful, fear) whereas
asymmetric faces are clearly preferred for a subset of the studied complex emotions
(smirk, vicious, suspicious). These results tend to confirm the subject sensitivity to
facial expression displaying the co-existence of conflicting emotions. However the
presented asymmetric expressions didnt always convince subjects, such as for “Too
good to be true” also visible in Figure 11 and “pretend to be cool”. It might come
partly from the static nature of the image medium or from the chosen combination
of conflicting emotions. More experimental studies are necessary that integrate the
temporal dimension to better take advantage of the richer expressive space made
possible through asymmetric expressions.

Fig. 12: Preliminary results about the comparative study of symmetric and asym-
metric facial ex-pressions for expressing basic (sadness, peaceful, fear) and com-
plex emotions (smirk, vicious, pretend to be cool, too good to be true, suspicious).
More details can be found in [1].
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6 Combining facial expressions and body movements

A background breathing movement is always displayed with a breathing amplitude
and frequency expressed as a function of the Arousal value of the current emotion
[2]. In addition, we captured 27 emotional body movements to fit all the areas of the
VAD model illustrated in Figure 7. The parameters presented in Figure 10 left (V,
A, D, W, b and I) and a selection of predefined VAD keywords allow to produce a
wide range of facial modulations for the same emotional body animation as can be
seen on Figure 13. However unlike the dynamic model handling the facial expres-
sions, a full-body animation is triggered from the analysis of emotions over a longer
temporal window (e.g. 10 seconds) [2].

Fig. 13: The captured emotional body movement (here the excited movement) can
be associated with a large variety of facial expressions owing to the face edit param-
eters.

7 3D Chatting System Overview

People with various personalities communicate through text-based chatting in the
cyberspace but may not anticipate how their message might be interpreted. Our
goal is to enrich and disambiguate this type of communication with an additional
channel displaying virtual humans (VH), emotions, and social behavior. Having an
affective and emotional communication system in a virtual society introduce various
technical challenges considering network protocols, operation system, and uncertain
technical issues [15].

Our latest crowd visualization system uses the Unity3D platform as a develop
environment. The advanced features (especially network architecture and pipeline)
provided by Unity3D bring the possibility of having a reliable affective and emo-
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tional communication system. Our chatting system allows users to (1) select their
virtual human avatar, (2) move their avatar locally in the 3D environment or (3)
change the 3D scene during the conversation.

To enhance the user experience during the conversation, we enable real-time fa-
cial and full body animation in our virtual society chatting system. When a user
types a sentence, not only is the text-based message sent to the receiver(s), but also
the related emotional parameters, such as Valence, Arousal and Dominance. The
emotional state of a users text messages are detected based on the SentiStrenght
tool (chapter 6). Then according to the VAD. values, the receiver client performs
facial and body animation based on facial and full body joints control algorithm.
There are 3 ways to trigger facial and full body animation:

• Users own messages
• Messages from other users
• User explicit emotion initialization with the interface

Fig. 14: Cross-platform and cross-environment system approach with UNITY3D.

Unlike other online chat systems, our emotional chat system supports a wide
range of platforms and environment configurations.

Cross platform. Users using different platforms can seamlessly chat with each
other effectively, such as using iOS (iPhone iPad), Android, Linux, Mac, and Win-
dows. We also provide an online web-based emotional chat application that supports
chatting with other possible platforms (Figure 14).

Cross environment. Our chat system not only supports classical PC-to-PC chat-
ting, but also allows multi-environment chatting, such as a user A using a PC can
communicate with a user B who is standing in a Virtual Reality interactive environ-
ment wearing a stereo glasses (e.g. CAVE in Fig 18 left). During the chat, both users
can move within the 3D scene by using their dedicated interface.
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8 Network architecture

Real-time networking is a complex issue because of the numerous types of network
protocols, variation of network connections, network programming, data transmis-
sion format, etc. Our system provides two different types of network connections
based on different network environments and research requirements: Direct Con-
nection (DC) and Internet Connection (IC).

The Direct Connection can be applied to a simple network environment, where
two potential clients know each others local IP address. The following steps should
be applied before starting the communication (Fig 15):

• One of the clients (Client A) has to create a chat room. This will open a network
port on Client A’s computer; then wait for the connection from another client.

• In order to join the chat room which is created by Client A, Client B has to specify
the local IP address which is used by Client A and the network port which is
opened for this connection.

Fig. 15: Direct connection suited for a simple network environment.

The Internet Connection allows a widespread connection through Internet with
multi-connection. The following essential steps have to be performed in order to
setup a connection with remote users (Fig 16):

• In order to connect multi-client which are geographically separated anywhere on
the Internet, a chat server must be set up first.

• One of the potential users has to connect to a chat server and create a chat room
on the server (e.g. Room A).

• Other remote users have to join into the chat room (e.g. Room A) in order to
communicate with each others.
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Fig. 16: The Indirect Connection through chat rooms dynamically created on a
server.

9 Results

The emotion dynamic model embedded into the chatting system version correspond-
ing to Figure 1 is demonstrated in the video http://youtu.be/UGbW8nDNO24
associated to [2]. It illustrates how emotions evolve over time according to the emo-
tional content detected with SentiStrength when three users exchange messages. The
example deliberately triggers various emotional movements when interacting with
the user represented by the Dorothy avatar. The FPA interface is demonstrated in
http://youtu.be/ycUoZ4jAU_E [3]; it is used to produce instantaneous fa-
cial expressions, including asymmetric ones. Performance-wise this second video
also demonstrates the display rate of a scene with 200 characters with continuously
changing emotions. With an NVidia GTX 460 1GB hardware, we were able to sim-
ulate and edit facial expressions at >60 fps. This confirms the suitability of our
approach to handle a potentially large number of users simultaneously connected to
a single chat room.

The network engine we used in our UNITY-based configuration is RakNet.
RakNet is a cross platform open source networking engine for game programmers.
A lower level framework powers higher-level features such as game object repli-
cation, voice communication and patching. Using new features of RakNet, a set
of issues have been solved and improved, such as: secure affective communication
connections, robust communication and message ordering on multiple channels and
peer to peer application if necessary. With a basic free version Raknet, connection
with 1000 clients is possible. As we did not have enough computer resource and
clients, at the stage of system evaluation we only conduct-ed a group affective com-
munication with 8 clients (Figure 17).
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Fig. 17: Example of eight client users to the UNITY version of our NVC system.

Figure 18 (left) illustrates the use of a CAVE as one environment supported
by our NVC chat system with UNITY3D. Finally an independent study of crowd
evaluation within the CAVE [4] has highlighted the positive increase, although not
significant, of the believability of the crowd when crowd agents were displaying
random emotions instead of a neutral face (Fig 18 right).

(a) (b)

Fig. 18: (left) The CAVE can be used as a chatting environment, (right) positive
influence of emotions on believability questions while evaluating real-time crowds
in a CAVE [4].
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10 Conclusion

Through this chapter we have demonstrated the effectiveness of an architecture al-
lowing to support instantaneous Non-Verbal Communication as an additional visual
feedback for multiple simultaneous chatting users. Results from a first user study
with a Valence-Arousal emotion model have shown that the influence of 3D graph-
ical facial expression enhances the perception of the chatting enjoyment, the emo-
tional connection, and even the dialog quality when chatting with another human.
Based on these results, we have extended the system to integrate the 3D Valence-
Arousal-Dominance emotion model. At its core lays an animation engine that relies
on a fast linear mapping of emotions on facial expressions and body movements. We
have also recalled how asymmetric facial expressions can help to enlarge the spec-
trum of displayed emotions, especially ambivalent ones. A first evaluation study has
helped to outline when this new class of facial expressions should be used and when
not. We have found that users are very sensitive to ambivalent emotions and that
only an asymmetric facial expression is able to convey it successfully. On the con-
trary, the successful understanding of basic emotions such as fear, sadness and joy
is more successfully conveyed with symmetric facial expressions on virtual char-
acters. More studies should be performed to be able to fully take advantage of this
enlarged range of emotions in chatting systems.

In summary, we proposed a multi-platform system with the UNITY3D envi-
ronment to make possible the creation of a 3D virtual society interconnecting a
potentially large number of simultaneous users. The visualization software, which
simulates this society, allows connecting people from different types of hardware
platforms such as desktop PC, portable high-end laptop, and even from an immer-
sive CAVE system. This environment allows to sustain the performance needed for
a large number of simultaneous avatars and agents. It includes the SentiStrength tool
and the emotional dynamics from [2].
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