Multimodal Empathic Feedback Through a
Virtual Character

+41:1[0000—0003—4369—4615 1[0000—0002—7649—7987
Eleonora Chittitl I, Manuel Pezzerall i
and N. Alberto Borghese![0000—0002—-0925—3448]

Department of Computer Science, University of Milan, Milan, Italy
{eleonora.chitti,manuel.pezzera,alberto.borghese}@unimi.it

Abstract. The development and application of empathic virtual agents
is rising fast in many fields, from rehabilitation to education, from men-
tal health to personal wellbeing. The empathic agents should be devel-
oped to appropriately react to the user’s affective state, with the aim of
establishing an emotional connection with him/her. We propose a po-
sition paper to shape the design of an Empathic Virtual Character to
be included in an existing platform with exer-games supporting postu-
ral rehabilitation. The character will express emotions to the user with
facial animations and speech statements. The character’s emotion to ex-
press will be based on the current user’s affective state, inferred by the
input data. Finally, we propose a possible improvement of the developed
interaction framework.

Keywords: Empathic agent - Conversational agent - Affective comput-
ing.

1 Introduction

In recent years, research on affective computing has risen fast. In particular,
the application of empathic virtual characters and robotic agents has increased
in different fields, from physical and cognitive rehabilitation support [2] to re-
mote mental health intervention [10], from educational purposes [17] to students’
wellbeing [11].

Social agents change the way they act in reaction to the user’s perceived affec-
tive state [2]. This change can be shown though different channels and modalities.
For instance it can be shown changing the facial expression or the vocal speech
content or pitch profile, or, in case of robots, changing the action to perform in
the real world.

New technologies, as RGB cameras and smartwatches that provide data as
the heart rate and gyroscope, support the development of algorithms to infer of
the user’s affective state across time. For instance, smartwatch’s gyroscopes and
heart rate data are used in [13] along with the images of the user’s face collected
through an RGB camera and the user’s voice audio, to infer the user’s affective
state. More recently, skin conductance devices and user’s face image analysis
have been exploited with the same goal [2].
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Usually the affective state is described either according to FACS (Facial Ac-
tion Coding Systems) classification [7] or as a point in the Russell’s circumplex
model [14] shown in Fig. 1 [10]. More recently, the PAD model, an extension of
the Russell’s circumplex model with the Pleasure on the x-axis Arousal on the
y-axis and the Dominance on the z-axis, has been proposed and used [13].
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Fig. 1. Russell’s model, circular scaling for 28 affect word. Image from [14]

Due to the subtle changes that different emotions provoke, the current reports
on emotions identification usually consider a reduced set of emotional states: [13]
takes into account the subset of the possible affective states that correspond to
the 6 basic emotions exposed by Ekman [7], while [10] takes into account an
even smaller subset that the basic emotions.

The current affective state identified is then used to select the most adequate
agent’s reaction. For instance, in [10] a set of agent’s reactions for each possible
affective state has been defined, or in [2] the information on affective state is
used to match set of rules to pick-up the appropriate output.

2 Methods

In this work we propose the design of a Multimodal Empathic Virtual Character
to be included into a platform that provides autonomous rehabilitation at home
[5,12]. In this platform rehabilitation exercises are guided through fully adaptable
exer-games and rehabilitation sessions are supervised by a virtual therapist that
supervises the correct execution of the exercises and the safety of the patient.
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The virtual therapist is embodied into a 3D virtual character, the Virtual
Therapist (VT) Hannah (Fig. 2). This plays the role of guiding the patient
through the exer-games, to explain the play rules, advice him/her and provide
feed-back on any hazard or incorrect motion.

Besides these functionalities, a critical functionality for at home rehabilitation
is motivation. Rehabilitation may easily require a long period of training, and the
virtual therapist has to engage the patient motivating him/her to keep-on with
exercising. In this framework, the VT receives the motion data of the patient,
and the data of interaction with the game element, it analyzes them in real-time
and provides a feed-back to the patient at the right time.

Repetition complete. Restarting in 10 seconds

Keep working like this!

Fig. 2. The virtual therapist Hannah provides feed-back to the patient at the end of
an exer-game session

However, the VT can go one step further and provide also a supporting
feed-back to increase motivation of the patient. To this aim, data that can be
used to infer the user’s current affective state have to be provided (e.g. through
“Affectiva” software libraries). Typical input sources here are facial expressions
and natural speech processing [15,1]. These are indeed the main channels also
for emotional human-human communication. In the present work, we use the
devices already used to track patient’s motion and that are used to animate
the avatar inside the game [12]. In particular the video images produced by the
Kinect RGB-D camera used to track the skeleton and the audio acquired through
the same camera.

Such inputs are sent to an Emotional Intelligence module that processes
them to produce the most adequate output. This module is aimed to process the
video images to infer the current affective state of the patient. A set of rules is
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exploited to this aim, evaluating the Arousal and Valence, and then identifying
the affective state as one of the subset of 4 of the basic emotions by Ekman [7,8]:
enjoyment, sadness, anger, surprise. To provide variability and consistency in
the time course of emotional response, the approach based on stochastic finite
state machines proposed in [6] will be explored and further developed. Since
the existing platform [5] is mainly used for rehabilitation, the data about the
performance of the player in the exer-games are collected and they are combined,
through a set of rules defined with the therapists, with the current emotional
state identified to select the most appropriate output.

The output is the portray of a given emotion by the VT. To this aim we
resort to facial animation and the speech production, in which the emotional
content is represented through specific pitch time course [2,13] In particular, the
Emotional intelligence module will provide a set of reactions for each one of the
possible user’s affective states (Fig. 3).

The virtual character data processing procedure is shown in Fig. 3.
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Fig. 3. Data processing procedure

The VT reaction will be represented as facial animation and vocal response.
The avatar’s facial animations is based a simplified version of the Facial Action
Coding System (FACS) [9] and it shows the 4 basic emotions [7]: enjoyment,
sadness, anger, surprise. For example, the virtual character shows enjoyment
with lips pulled back and teeth exposed in the smile, it shows anger with eye-
brows pulled down together and lips pressed tight. To provide a more realistic
interaction, the amount of emotion produced can be regulated. To this aim, for
each expression produced an intensity value is also produced that indicates the
intensity of the agent’s facial expression while communicating a specific emo-
tion. This can be implemented through a fuzzy system similar to that used to
estimate the degree of hazard in patient’s movement [12].

The feed-back produced through voice by the VT as well as the content
of feed-back sentences will also portray its emotional state. To this aim state-
ments are divided into sets with homogenous meaning: e.g. “Good job”, “Very
good”, “Good performance”. ... According to the emotional state the adequate
voice pitch is selected along with the most adequate feed-back class. The output
statement is synthetized through a text to speech module.
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To this aim, the statements will be synthetized through Google ! text to
speech module and then the pitch of the agent’s voice will also be changed
based on the emotion to express. Some specific words in the speech need to
be emphasized to better express a specific emotion, therefore the text, to be
elaborated by the text to speech module, includes the instructions, supported
by Google APIs? , to give emphasis on specific words.

3 Discussion and future works

The purpose of this work is to illustrate the design of the interaction framework
of an empathic virtual character. This character has been developed to support
an exer-game-based platform developed to support autonomous at-home reha-
bilitation [5,4]. From the operational point of view, the result is a 3D agent that
reacts empathically, through speech and animation, to the user’s affective state
inferred from biometric data. The agent will such capable to guide the player
through the exer-games, explain the playing rules and advise him/her in an em-
pathic way. This is expected to increase the overall motivation of the patient, to
continue training with the platform, increasing fidalization and motivation.

A first version of the emotional engine has been implemented and evaluated.
The framework is currently under refinement along several directions. The aspect
of the avatar and the virtual handles on the model that allow precise motivation
can be improved to provide also the most subtle changes of expression that can
make emotions expression more realistic. The library currently evaluated for
identifying emotions is “Affectiva” 3, that shows a high level of sensitivity.

Such an approach has been developed mainly for elder population. However,
due to Covid pandemic, several platforms to support training and learning in
young population have been developed. Such platforms can largely benefit from
such approach. This will be for instance explored by the authors in the H2020
project ESSENCE that will start in November 2020. For this particular popula-
tion we are designing a 2D comic-like character, since it is preferable to design
comic-like characters in case of agents specifically developed for children, as [16]
that developed a virtual agent with a comic superhero aspect to engage children
to discover tourist information explained by the agent, or a colored personal
robot with soft fur, as [18].

To give a cartoonish look to the agent, when expressing anger the tone of
red of the agent’s skin color rises, in case of disgust the tone of green, in case of
fear the purple. Some of the agent’s expressions are shown in Fig. 4. In addition,
to make the user more comfortable and engaged, we will include a section to
personalize the character, changing the sex, the skin color, the haircut and color,
the dress and the accessories.

All this is related to the interaction with a single character. Especially for
children for which the variety is fundamental, we are exploring the possibility of

! https://cloud.google.com/text-to-speech /
2 https://cloud.google.com /text-to-speech /docs/ssml
3 https://www.affectiva.com/
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Fig. 4. Examples of agent’s expressions, from top left to bottom right: enjoyment,
anger, disgust, sadness

having several character and letting the emotional intelligence to choose which
character can be the most effective to convey the emotional content feed-back,
dynamically. In this way more variety is added to the system along with a surprise
element that is a key ingredient to make graphical interaction long lasting.

4 Conclusion

We have exposed the design and development of a 3D empathic virtual character
and the integration on the already available exer-gaming platform for postural
home rehabilitation. The user’s affective state is inferred exploiting Kinect and
Wii balance board data, that are the controllers of the exer-gaming platform. The
agent’s reaction is then appropriately selected based on the user’s affective state.
The agent’s reaction includes facial animation and speech statements. Finally,
we provided an overview on possible future improvements of the existing agent.
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