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ABSTRACT

Psychology, robotic and virtual agents communities conlgnon
claim that to enable natural interaction to take place witthyad

of agents, the dyad must be the siege of dynamical coupling: t
give to their partners a feeling of natural interactionemattants
be human, robotic or virtual, must be able to make the dynamic
of their behaviour emerge both from their own internal stated
from their partner’'s behaviours. However, most virtualrageen-
gines for interactions model communication as a step bytep
nomenon, where pre-scripted signals and correspondintpéeks
alternate. We propose here an agent architecture whictrajese
non-verbal behaviours in live, influenced by both the inséstate

of the agent and the continuously incoming reaction of it$ra
This architecture enables an agent facing either anotlertayg a
human, to emphasise shared behaviours (c8femlvball effedt to
decrease un-shared behaviours as well as to align dyndynigti

its partner’s behaviour.
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1. MODEL PRINCIPLES

During a dyadic interaction, partners’ behaviours are erfted
by both their internal state and the continuously incomiegcr
tions of their partner. When a behaviour is triggered (a sjral
head-nod) how its dynamics will develop through time is net d

fined ahead of time: decay, emphasis or complete change of the

behaviour will depend on the course of the interaction, erfzed
by the live partner’s reactions.

In virtual agent systems, such a dynamical coupling cajpaisl
still lacking even though it is necessary for the occurresfeeatural
interactions [9]. Implementing coupling capabilitiesueg to deal
with dynamic adaptation of agent animation in real-time43%].
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The model of live generation of interactive non-verbal be-
haviours that we propose, is implemented in a Neural Network
(NN) simulator (Leto/Prometheus (developed in the ETIS lap
Gaussier et al. [2])) interfaced with a virtual agent endithe lis-
tener agent Greta and its backchannels engine proposedvag-Be
gua and Pelachaud [1] and implemented in the SEMAINE platfor
for Sensitive Artificial Listners (SAL) [8]).

We propose here an agent architecture which generates non-
verbal behaviours (head movements and multimodal seguenti
pressions)n the fly influenced by both the internal state of the
agent and the continuously incoming reaction of its partidre
resulting behaviour of a dyad of agents having such an acthite
is asnowball effecbn shared behaviours (when coupling occurs),
a decay of not-shared behaviours (when coupling is disd)ptiee
ability for the two agents involved in the interaction to kexse
their partners engagement by detectimgwball effects

Our model relies on the three properties of every natural-com
munication described bellow:

P1 - Interaction feedbacks modify the course of actions on
the fly. If the feedbacks from interaction partner are not fast ghou
regarding the action length, coupling and synchrony cannotir
between partners [6]. In our architecture, the agent whifopms
the action can have feedbacks concerning this action while s
is performing the action: the action is commonly built by raitge
intentions and partner’s feedbacks.

P2 - Perception-Action mapping. There is a natural/structural
tendency to imitate the other and to better perceive the gthen
s/he imitates you.

This mapping has two components: first a default mirror magpi
second a mapping between different actionsi§etkchannel§3]).

P3 - Action are built as interpolated sequences of basic €l-
ements. Niewiadomski et al. [5] indicates that to be able to con-
vey subtle emotional states, Multimodal Sequential Exgices are
needed.

Agent2's perceptions are Agentl’s actions
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Agentl’s perceptions are Agent2’s actions

Figure 1. Scheme of theinteractive loop within the dyad.



A Snowball Effecton shared actions and a decrease of non- teractants share a common state and if they are both awaeelof e
shared actions result from P1 and P2 (see Fig.1 for a prismcipl other (cross-perception). That makes the occurrence crtbe-
scheme of a dyad of agents implementing P1 and P2). ball effect a marker of the dyadic state and particularly arftpers
contingency [7]. To know if whether or not they have an effect
interaction, agents can directly observe their own sedpieex-
pressions dynamics: novelty and complex sequences isatguiv
to high coupling and exchange between partners.

At short term, our aim is to test this architecture betweeagant
and a human. Snowball effect would be enabled giving to aater
tants a cue of their level of contingency.

Demos of thesnowball effecbbtained with our architecture an

2. SNOWBALL EFFECT

We assume here and model the fact that during dialogue, se-
quences of emotional signals (P3) are induced by the cayplil
the mutual reinforcement occurring between agents (P1 &yd P
Let us consider the example of polite vs friendly smile: ifhygmile
politely to somebody who smiles back at you but more friendly

without interruption, your smile could evolve in a friendignile as
well (see Fig.2).
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Figure 2. Snowball effect of shared actions. (a) Example of
dynamics which would be obtained for smile depending on
agents'action contingency. Solid line is for Agentl's activa-
tion of smile, dotted lineis for Agent2's (b) Politeness smile to
amusement smile transition on one of the two agents: frames
are generated on the fly.

(3]

[4]

We model P3 enabling agents to recruit a sequence of basic fa-
cial signalson the fly depending on the emphasize of their own
actions induced by P1 and P2: in our example when facial Eigna [5]
corresponding to golite smileare emphasized enough, new sig-
nals, corresponding tisiendly smileare triggered.

The sequence of emotional signals is not pre-defined butiislyna
induced by the mutual reinforcement between agents: theahut
reinforcement occurring when agents perform contingetibas,
leads to a specific shared sequence of actions(see Fig.2(a))

Fig.2(b) shows what the animation from polite to amusement
smile looks like with our architecture for live generatiof lze-
haviour: the frames are computed the fly they are structurally
building a single continuous behaviour.

(6]

[7]

3. CONCLUSION

The resulting behaviour of a dyad of agents having such an ar-
chitecture (i.e. implementing of the three properties Rtkraction
feedbacks modify the course of actioms the fly P2, perception-
action mapping; P3, action are built as sequences of basitegits)
is asnowball effecon shared behaviours and a decrease of non-
shared behaviours: perception directly influences actaatipns
last long enough to enable several perceptions to infludrera.t

This behaviour of the dyad has a direct impact on the interac-
tants’ sensitivity to their rapporsnowball effecbccurs only if in-

(8]

9]

be seen on:
http://ww. tsi.tel ecomparistech.fr/mi ?p=778.
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