Pierre Raimbaud 
email: pierre.raimbaud@inria.fr
  
Alberto Jovane 
email: alberto.jovane@inria.fr
  
Katja Zibrek 
email: katja.zibrek@inria.fr
  
Claudio Pacchierotti 
email: claudio.pacchierotti@irisa.fr
  
Marc Christie 
email: christiemarch.christie@irisa.fr
  
Ludovic Hoyet 
email: ludovic.hoyet@inria.fr
  
Julien Pettré 
email: julien.pettre@inria.fr
  
Anne-Hélène Olivier 
email: anne-helene.olivier@univ-rennes2.fr
  
  
  
  
  
  
  
  
  
Reactive Virtual Agents: A Viewpoint-Driven Approach for Bodily Nonverbal Communication

Keywords: Computing methodologies → Simulation environments, Motion processing, Procedural animation virtual agents, reactivity, animation, motion features, visual features

des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

INTRODUCTION

Intelligent Virtual Agents (IVA) should be designed to perform realistic and expressive interactions [START_REF] Badler | Real-time virtual humans[END_REF] that convey emotions and express personalities [START_REF] Randhavane | EVA: Generating Emotional Behavior of Virtual Agents Using Expressive Features of Gait and Gaze[END_REF][START_REF] Shvo | An Interdependent Model of Personality, Motivation, Emotion, and Mood for Intelligent Virtual Agents[END_REF]. These are notably expressed by humans through nonverbal behaviours in everyday interactions [START_REF] Congreve | Personality and nonverbal behavior: A complex conundrum[END_REF][START_REF] Stephen | Fundamentals of nonverbal behavior[END_REF]. Thus, the ability to perform nonverbal communication is paramount for IVA design [START_REF] Judee | Nonverbal communication skills[END_REF][START_REF] Pelachaud | Modelling multimodal expression of emotion in a virtual agent[END_REF]. Nonverbal communication, notably reflected by proxemics and kinesics [START_REF] Harrigan | New handbook of methods in nonverbal behavior research[END_REF], contributes to the social realism of IVA interactions. In this regard, user studies have been conducted to evaluate generative models of IVAs' expressive facial motions [START_REF] Fabri | Expressive Agents: Non-verbal Communication in Collaborative Virtual Environments[END_REF][START_REF] García-Rojas | Emotional face expression profiles supported by virtual human ontology[END_REF][START_REF] Pelachaud | Studies on gesture expressivity for a virtual agent[END_REF] or body motions [START_REF] Huang | Expressive Body Animation Pipeline for Virtual Agent[END_REF]. These last ones in particular -divided into postures and gestures [START_REF] Peter | Posture & gesture[END_REF][START_REF] Guye-Vuillème | Nonverbal communication interface for collaborative virtual environments[END_REF][START_REF] Lamb | Posture and gesture: An introduction to the study of physical behaviour[END_REF]] -appear to be the key to expressivity in nonverbal communication between humans [START_REF] Argyle | Bodily communication[END_REF][START_REF] De | Why bodies? Twelve reasons for including bodily expressions in affective neuroscience[END_REF], and with IVAs [START_REF] Simon Alexanderson | Mimebot-Investigating the Expressibility of Non-Verbal Communication Across Agent Embodiments[END_REF][START_REF] Shawna | Integrating facial, gesture, and posture emotion expression for a 3D virtual agent[END_REF][START_REF] Zibrek | Exploring the Effect of Motion Type and Emotions on the Perception of Gender in Virtual Humans[END_REF]. Ravenet et al. [START_REF] Ravenet | Conversational behavior reflecting interpersonal attitudes in small group interactions[END_REF] proposed a model to generate bodily nonverbal communication motions from the agents' roles in a conversation and some social attitudes and norms such as group formations. Their results confirmed the benefits of such nonverbal cues for more expressive social virtual agents. In line with this, Oshita et al. [START_REF] Oshita | Expressive Human Pose Deformation Based on the Rules of Attractive Poses[END_REF] focused on the design and use of body postures for attractive IVAs, and Zacharatos et al. [START_REF] Zacharatos | Emotion Recognition for Exergames Using Laban Movement Analysis[END_REF] analysed body gestures through motion features such as velocity, derived from Laban Movement Analysis, to link them to emotions.

Nonetheless, ensuring the expressivity of IVAs' actions is not the only challenge related to bodily nonverbal communication. IVAs should also embed the ability to react to humans or other IVAs through adapted bodily communication [START_REF] Ben Youssef | Towards a Socially Adaptive Virtual Agent[END_REF]. In the literature, few authors on this aspect. Garcia-Rojas et al. [START_REF] García Rojas | Individualized Reaction Movements for Virtual Humans[END_REF] proposed a reactive motion model for reflexes according to stimuli and human individual characteristics -catch or dodge a ball -from real human motions analysis, to improve IVAs' individualisation through the personalising of reactions. In the context of conflicts, Campos et al. [START_REF] Campos | Virtual Agents in Conflict[END_REF] studied the link of the IVAs' perception of emotions through body, facial motions and speech with reactive behaviours triggering.

Relying on the perception-action loop involved during human interactions [START_REF] Jerome | The ecological approach to visual perception[END_REF], this work introduces a new concept to design IVAs with reactive body motions based on a viewpoint-driven approach. We present a new paradigm for reactive behaviours simulation, based on the visual analysis of body movements. In this short paper, we focus on situations where the poses of all agents are known. However, the same idea can easily be extended to more complex scenarios where only partial information about the agents' poses is available. Our viewport-driven approach first analyses the "observed" IVA's motions from the viewpoint of the "observer" IVA, and then adjusts the observer IVA's reactions. Section 2 presents this approach, Section 3 a case study, and Section 4 our future work.

EGOCENTRIC VIEWPOINT APPROACH

Our main contribution is the development of a new approach to improve reactive interaction simulations -either between virtual agents or between real and virtual agents, based on the visual analysis of motions in nonverbal communication situations. Our overall approach is described in Figure 2 and encompasses two steps: an egocentric perspective step, which provides an analysis of the "observed" IVA's motions from the "observer" IVAs' viewpoint -the apparent motions as for them -and a synthesis step about this visual analysis to induce reactive motions of "observer" IVAs. 

Visual motion features

Our first step consists in expressing the observed IVAs' motions in the egocentric viewpoint of the observer IVAs, fitting thus their visual perception of the current interaction between the IVAs. Our originality here is thus the reference frame that we use for the motion feature analysis: rather than considering motions as they are performed [START_REF] Zacharatos | Emotion Recognition for Exergames Using Laban Movement Analysis[END_REF], we focus on how they are visually perceived, i.e. the motions -postures and gestures -as they are apparent from the observers' point of view. Here visual motion features are extracted from the positions and orientations of the observed IVA bodies, as they appear in the view space of the observers, using 2D projections. For example, we analyse the visual extension of the arms as they are apparent for the observers, rather than computing their absolute extension from the body current state in a 3D basis.

According to nonverbal communication motion classifications [START_REF] Peter | Posture & gesture[END_REF][START_REF] Guye-Vuillème | Nonverbal communication interface for collaborative virtual environments[END_REF][START_REF] Lamb | Posture and gesture: An introduction to the study of physical behaviour[END_REF], we define here two categories of visual motion features, the apparent postures ones and the apparent gestures ones. Features related to posture are: body orientation, body coverage, body selfcoverage -amount of overlapping body parts on others -and body horizontal and vertical extension. Features related to gesture are: the amplitude and the velocity of the limbs used in a gesture.

Synthesis of visual motion features results and reactive motions generation

The second step of our approach consists of analysing the results obtained about the visual motion features and in making a synthesis of it to induce reactive motions of the observers. Our key idea is to use the perception-action loop approach [START_REF] Jerome | The ecological approach to visual perception[END_REF] for reactions [START_REF] Datteri | Expected perception: an anticipation-based perception-action scheme in robots[END_REF][START_REF] Jerome | The ecological approach to visual perception[END_REF][START_REF] Schubö | Interactions between perception and action in a reaction task with overlapping SR assignments[END_REF], and to link the motion analysis from the observers' perception to the generation of reactive behaviours for them, in response to the other agents' body motions. Here we have addressed situations where this synthesis and generation step has been simplified and adapted for the specific case study presented in the next section, as a selection and then a triggering of a predefined reaction.

A CASE STUDY: WHO WILL WAVE BACK?

To exhibit our viewpoint-driven approach, we present an illustrative case study with the following nonverbal communication situation: an observed IVA waves at two other IVAs that will be the observers. This situation is shown on the left part of Figure 1. We aim to show that our approach can allow for the detection of which observer must react with a waving back gesture, by determining towards whom the observed IVA's waving motion is more directed to.

In this case study, in our first step we used one postural visual motion feature, the apparent body orientation -specifically the one of the head and of the waving hand, and one gesture visual motion feature, the apparent amplitude of the waving hand. The apparent body part orientation is computed as the difference of alignment between the observed IVA's body part orientation and the observer IVA's view orientation, 0°thus being the value associated to a maximal interaction between the two IVAs. The apparent amplitude of the waving hand is computed as the area covered by this gesture in the view space of the observer. The bigger the area, the more directed towards an observer the observed IVA's gesture is.

Figure 1 shows on its central part the comparison between the observed IVA's motions perception of the two observers from their viewpoint: the apparent body orientation is shown by yellow vectors, and the apparent amplitude of the waving hand by yellow areas. The following values have been computed over a 1.7sec waving motion, previously obtained through motion capture. In terms of posture, orientation results show that the observed IVA is more oriented towards observer B (head: 19.5°± 4, hand: 20.6°± 8) than observer A (head: 38.2°± 4, hand: 40.4°± 8). Similarly, waving hand amplitude results reveal that the waving is more extensively perceived by observer B (5.47 • 10 -3 %) than observer A (3.99 • 10 -3 %). According to these visual motion features results, a waving back reaction is triggered in observer B, as shown on the right of Figure 1.

LIMITATIONS AND FUTURE WORK

One limitation here is the omniscient comparative aspect that we used in our case study for the synthesis of reactive motions, which was adapted for such a predefined situation. We plan to develop a computational approach that could be used for environments where we only know partial information, and also for the creation of new reactive motion animations by modifying them depending on the computed features. In a multi-agents scenario, this would allow for the design of not fully predefined non-player character reactive behaviours, e.g. in games. Additionally, on more "spontaneous" cases, the observers' reactions should be independent and guided by visual thresholds over the viewpoint-driven motion features, instead of the omniscient point of view and agents' control used here. For such future work, threshold levels should be determined, e.g. through data about real humans' interactions, and also to manage the non-trivial issue of combining the results obtained from different features. Moreover, we could try to generalise our approach to scenarios with crowds. In such cases, body orientation and amplitude of moving limbs may not be considered as sufficient to induce a reaction, because of the crowd's effect on observers' perception: the agent's postural space in the observers' view space should be evaluated. Thus, in our approach it would consist in computing additional visual features such as horizontal or vertical body extension and body coverage. Finally, our viewpoint-driven approach aims to be applied for IVA -real agent interactions, in a virtual reality environment notably, with real-time tracking of user movements, where agents would be reacting to the embodied user.
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 2 Figure 2: Our viewpoint-driven approach for IVAs' reactions
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