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Abstract. This paper presents a system capable of acquiring input from a video
camera, processing information related to the expressivity of human movement
and generating expressive copying behaviour of an Embodied Agent. We model a
bi-directional communication between user and agent based on real-time analysis
of movement expressivity and generation of expressive copying behaviour: while
the user is moving, the agent responds with a gesture that exhibits the same expressive characteristics. An evaluation study based on a perceptual experiment
with participants showed the effectiveness of the designed interaction.
Keywords: gesture expressivity; emotion; embodied agent.

1 Introduction
In human-computer interaction the ability for systems to understand users’ behaviour
and to respond with appropriate feedback is an important requirement for generating
an affective interaction [1]. Systems must be able to create a bi-directional communication with users: analysing their verbal and non-verbal behaviour to infer their emotional states and using this information to make decisions and/or plan an empathic
response.
Virtual agent systems represent a powerful human-computer interface, as they can
embody characteristics that a human may identify with [2]. The ability for virtual
agents to display a social, affective behaviour may encourage users to engage in a
natural interaction and establish bonds with them [3]. In this paper we focus on modelling a bi-directional communication between an embodied conversational agent and
human users based on the non-verbal channel of the communication involving movement and gesture. Specifically, our research considers movement and gesture expressivity as a key element both in understanding and responding to users’ behaviour.
We present a system capable of acquiring input from a video camera, processing
information related to the expressivity of human movement and generating expressive
copying behaviour in real-time. Our system has been formed by the integration of two
different software platforms: EyesWeb [4] for video tracking and analysis of human
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movement and the Greta embodied agent for behaviour generation [5]. In this context,
we model a bi-directional communication between user and agent: for each gesture
performed by the user, the agent responds with a gesture that exhibits the same expressive characteristics. We describe a mapping between the expressive cues analysed
in human users and the corresponding expressive parameters of the agent. Moreover,
movement expressivity is mapped onto emotions, which are used to select the type of
gesture performed by the agent.
In the following sections we report some examples of related work and a description of the system. Finally, we provide an evaluation study based on a perceptual
experiment with participants and show results and conclusions.

2 Related Work
Several systems have been proposed in the literature in which virtual agents provide
visual feedback or response by analysing some characteristics of users’ behaviour. In
these systems the input data can be obtained from dedicated hardware (joysticks, hand
gloves, etc), audio and video sources. SenToy [6] is a doll with sensors in the arms,
legs and body. According to how users manipulate the doll, they can influence the
emotions of characters in a virtual game. Kopp et al. [7] designed a virtual agent able
to imitate natural gestures performed by humans using motion-tracked data. Reidsma
and colleagues [8] designed a virtual rap dancer that invites users to join him in a
dancing activity. In a previous study the Greta agent was animated off-line based on
the motor behaviour of users extracted from visual data [9].
Previous works [10] introduced the notion of expressivity for virtual agents. The
expressivity of the Greta agent is defined over a set of six dimensions, which qualitatively modify the gestures performed by the agent. For the purposes of the presented
work, we only focus on four of these parameters: Spatial Extent, that changes the
amplitude of movements (e.g., expanded versus contracted); Temporal Extent, that
modifies the duration of movements (e.g., quick versus sustained actions); Fluidity,
that determines the smoothness and continuity of movement (e.g., smooth, graceful
versus sudden, jerky); and Power, that alters the dynamic properties of the movement
(e.g., weak/relaxed versus strong/tense). In this paper we describe the first application
on which the Greta agent responds to users’ motor behaviour analysed in real-time.

3 Description of the System
In Figure 1 we present a system that allows for the real-time analysis of human
movement and gesture expressivity and the generation of expressive copying behaviour in an agent. The system integrates two different platforms: EyesWeb [4] for
video tracking and movement analysis and the Greta agent for behaviour generation
[5]. We designed an application in which data is exchanged between these two components through a blackboard structure, implemented with Psyclone [11]. The system
modules are connected to the same Psyclone blackboard via a TCP/IP socket. Further
details about how the modules work are provided by the following Sections.
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Fig. 1. Overview of the system architecture

3.1 Video Analysis
The automatic extraction of the expressive motion cues is done with EyesWeb [4] and
the EyesWeb Expressive Gesture Processing Library. Based on previous studies on
emotion and bodily expressions [12]:
• Contraction Index (CI) is a measure of the degree of contraction or expansion of the
user's body. CI can be computed using a technique related to the bounding region,
i.e., the minimum rectangle surrounding the body: the algorithm compares the area
covered by this rectangle with the area currently covered by the silhouette.
• Velocity and Acceleration are computed on the trajectory of the user's left or right
hand in the 2D plane of the video image provided as input to EyesWeb. We extract the 2D coordinates of the hand and we compute the module of velocity and
acceleration.
• Fluidity is considered as a measure of the uniformity of motion, so that fluidity is
maximal when, in the movement between two specific points in the space, the acceleration is equal to zero.
3.1.1 Time Window
The expressive motion cues extracted by EyesWeb in real-time are continuous: that is,
we do not segment the user's movement by looking for example for the occurrence of
a gesture or posture change. Instead, the output of our system is an agent that performs a sequence of discrete gestures, each of them with its own expressivity and
shape. So, in order to use continuous values (the movement cues) to drive discrete
events (the agent's gestures) we defined a time window, an interval of time at the end
of which we send the computed motion cues from EyesWeb to the rest of the system.
The duration of the time window corresponds to the duration of a gesture performed
by the agent. Inside the time window we continuously extract the motion cues from
the user's movement, but we consider the following local indicators: the maximum for
Velocity and Acceleration, the minimum of the Contraction and the average value of
the Fluidity. At the end of the time window we send these indicators to the rest of the
system.
3.2 Emotion Computation
After extracting expressive motion cues in real-time, the system associates them with
one of the following emotion states: anger, joy, sadness. Based on previous studies on

196

G. Castellano and M. Mancini

emotion expressivity [12] we defined correspondences between expressive motion
cues and emotions: for example anger is chosen when movements are expanded, very
fast and accelerates, and so on.
3.3 Expressivity Mapping and Gesture Selection
We defined the one-to-one linear mapping of Figure 2 between the motion cues automatically extracted by EyesWeb and the Greta expressivity parameters: the Contraction Index is mapped onto the Spatial Extent, since they provide a measure on the
amplitude of movements; the Velocity onto the Temporal Extent, as they refer to the
velocity of movements; the Acceleration onto the Power, as both are indicators of the
acceleration of the movements; the Fluidity onto the Fluidity, as they refer to the
degree of the smoothness of movements.
EyesWeb

Greta

Contraction Index

Spatial Extent

Velocity

Temporal Extent

Acceleration

Power

Fluidity

Fluidity

Fig. 2. One-to-one mapping between EyesWeb motion cues and Greta expressivity parameters

Moreover, we select of the gesture to be performed by the agent depending on the
emotion determined by our system, as explained in 3.2. If anger is detected, the agent
performs a deictic gesture; if the detected emotion is joy, the agent performs a gesture
by opening its arms; if the user’s expresses sadness, the agent raises and lowers its
arms.
3.4 Animation Computation and Animation Visualization
These modules receive the expressivity parameters and the information about the
gesture to be performed from the blackboard and compute the animation data needed
to animate the agent. Then the Greta graphical engine, given the animation data in
input, creates a graphical representation of the virtual agent.

4 Evaluation
In order to evaluate the mapping between the expressive motion cues extracted with
EyesWeb and the Greta expressivity parameters, we performed an evaluation study.
We selected a set of videos from the GEMEP corpus of acted emotional expressions
[13] and we provided these videos as input to our system. More specifically, we
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focused on six videos of the corpus, with three different emotions (anger, joy, sadness) expressed by two different actors, observed by a frontal camera. For each video
provided as input we recorded the video synthesized by our system. That is, we obtained videos in which the Greta agent performs emotion-specific gestures (see the
end of Section 3.3) by modulating expressivity. We performed a perceptual experiment to verify how participants perceived the emotions communicated by the agent.
Both the actors and the generated videos were modified so as to hide the face of the
actor/agent in order not to influence the participants’ perception of emotions by the
facial expression of the actor/agent.
4.1 Perceptual Experiment
Twelve students and researchers in computer science and computer engineering (8
male and 4 female, from 26 to 38 years old, average age: 31.4) participated in the
experiment. Twelve videos were evaluated by each participant: the six videos of the
real actors and the six videos of Greta. Participants were asked to observe the actor/agent movements and to choose an emotional label (anger, joy or sadness) using a
slider: each emotion could be rated from a minimum of 0 to a maximum of 10. Participants were allowed to watch each video as many times as they wanted and to select and rate all the emotions they wanted. Table 1 shows the recognition rates of each
emotion. Results show that emotions expressed by the actors are always recognized
with a high percentage, except joy, which is confused with anger. As far as it concerns the gestures performed by the Greta agent, emotion recognition rates are high
for sadness (70.8%) and reach the 83.37% for anger and joy.
Table 1. From left to right: recognition rates for anger, joy and sadness when gestures are
performed by actors and by Greta

Anger
Joy
Sadness
None

Recognition rates
for ANGER
Actors
Greta
95.8%
83.3%
0%
16.7%
4.2%
0%
0%
0%

Recognition rates
for JOY
Actors
Greta
8.3%
58.3%
33.3%
83.3%
8.3%
8.3%
0%
0%

Recognition rates
for SADNESS
Actors
Greta
20.8%
20.8%
4.2%
8.3%
70.8%
70.8%
4.2%
0%

5 Conclusion
In this paper we modelled a bi-directional communication between human users and
an agent based on movement and gesture. We designed a system capable of processing information related to the expressivity of the user's movement, associating an
emotion with the expressivity communicated by it and generating the agent's expressive behaviour in real-time. This system represents a first step towards the design of
an empathic agent. Movement expressivity can increase the effectiveness of the affective interaction between user and agent by generating an affective loop: it can be used
to recognize the user’s emotions and to increase the user’s sense of engagement
when the agent generates a copying behaviour. The evaluation study showed the
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effectiveness of the designed interaction between user and agent, demonstrating that
the analysis and synthesis processes were successful, as well as the choice of the indicators of movement expressivity to communicate emotions.
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