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Figure 1: Proposed emotional control system.

ABSTRACT
Sound is an information rich modality from which human robot in-
teraction (HRI) can benefit significantly. In addition, prosodical
variations are widely accepted as strong influences over socio-
emotional interactions between humans. Unfortunately current
robot interaction capabilities usually only involve a limited range
of audible actions, consequently hindering the user perceived use-
fulness and quality of those interactions. Nonetheless, efforts should
be made towards enabling robots to manipulate the sounds they
do produce, in accordance with specific goals, so as to simulate a
more life-like presence.

Added to the foregoing, we support the idea that HRI can be
improved to sustain a more genuine appeal to users if robots are
endowed with the socio-emotional competence (skills) more typical
of human everyday life. With a basis on emotional regulation, in
this paper we propose a mechanism for the manipulation of the
sound repertoire available to a robot which strives to aid its users
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reaching emotional states appropriate to specified conditions. Im-
plementation is meant for but not limited to household interactions
between user and artificial companion. In general, this effort aims
towards easier integration of robotic agents in society.

CCS CONCEPTS
• Human-centered computing → Human computer interac-
tion (HCI); Collaborative and social computing.
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1 INTRODUCTION
Sound as a modality has the remarkable quality of conveying exten-
sive amounts of information as embeddings of compressed audible
signals. Not surprisingly, most animals have evolved towards ma-
nipulating sound as some form of communicative personal feature.
Humans particularly have reached such a high-level plateau of
interaction that we commonly construe complex socio-emotional
profiles of one another based on the prosodical variations of shared
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utterances [7]. Thus people are often past consideringmonoprosodi-
cal interactions as genuine andmay even feel apprehension towards
these, given the atypical or nearly absent emotional emanation. For
instance, this issue can be observed in autistic people [8] or cochlear
implant users [4]. Consequently human-robot interaction research
must enable artificial agents to manipulate the sound they produce
in socio-emotionally plausible ways, if robots are ever to become
part of society.

Emotional regulation is a term used to describe attempts and
methodology to control our own or other’s emotional states. Given
its direct relationship with socio-emotional interaction, it is only
natural to expect such an ability to benefit the perceived authen-
ticity of human robot interaction. Particularly since this may be
useful in a panoply of scenarios, from attentional allocation and
mood stabilization shown in [2, 3], to more demanding rectifica-
tion of risky states and impulsiveness as the ones described in [9].
While this is a topic that has been explored in artificial agents [1, 3],
research tends to focus on visual action and disregard the usability
of sound for this same end. Considering a robot with the capacity
for emotion recognition, it could continuously sample the user’s
emotional state and assess its evolution with respect to the sound
itself produces (e.g. beeps, music). Then the robot could adapt that
sound to induce a distinct state on the user, based on some pre-set
target such as situational adequacy and emotional safety.

To summarize, this paper advocates for the manipulation of the
sound repertoire available to a robot as a module in a feedback
emotion regulation mechanism targeting specific states in the user.
We believe this can useful in making HRI resemble more human
interaction and explore the methodology in the following sections.

2 PROPOSED SYSTEM
The proposed system intends to be implemented as a module in a
human centered social robot platform, specifically for interaction
scenarios where the role of emotional state access and stability
are of high importance. The user interacts with the system and
will manifest emotional state cues when presented with stimuli
(generated sound). These manifestations can have different forms:
prosodical variations in vocalization; facial and posture expressions;
physiological responses. These will be severely affected by the
sound perceived by the user, given how humans have evolved
to assess situations based on what they hear. To exemplify, our
primitive ancestors had more chance to survive if they were aware
of potentially dangerous situations, especially if outside of their
field of view.

Behavioral measures allow for the inference of affective states
from observable conducts, such as body movements, voice patterns,
and facial expressions. Moreover, building an emotional regula-
tion system requires content which correlates deeply with affective
states. Respectively in terms of sound, audible cues can be manip-
ulated to achieve specific emotional states as demonstrated in [5].
Based on these findings, our system continuously detects the emo-
tional state of its user and regulates the sound it emits. Regulation
is meant to either match the user state, if contextually adequate,
or guide the perceived emotion towards a safe zone, as a feedback
correctional loop. The employed emotional representations rely on
a three dimensional space: valence (pleasant/unpleasant), arousal

(arousal/suppression) and dominance (strain/relaxation) [6]. Essen-
tially, valence pertains to the positiveness of a state, whilst arousal
relates to stimulus intensity and attention and finally dominance
entails a degree of passiveness/activeness. Figure 1 illustrates the
overall regulation system loop, which is comprised of three main
components.

• Sound Synthesizer: This module produces different sounds ac-
cording to the emotional location of its user. The sound is selected
and reproduced from a data pool which depicts a sound contin-
uum labelled from relaxing to activating. For instance, high pitched
sounds and longer inter-beep-intervals are associated with positive
emotions, whilst slow sounds and falling tones tend to be more
closely related with negative emotions.

• Interpreter: This transducer is meant to translate user activa-
tions, converting gathered data into current emotional state met-
rics. Different applications may require different types of sensors.
For example, non-intrusive interactions will mostly make use of
microphone-camera combinations to detect facial, vocal or posture-
based manifestations. Others may require more intrusive physio-
logical equipment that will access to more in-depth information,
such as, electroencephalography, electrocardiography, electromyo-
graphy or electrodermal activity.

• Classification: With current state metrics and features provided
by the interpreter to the classification module, the latter may infer
the emotional state which the sound synthesizer (i.e. through the
stimuli) should instigate in the user. By considering emotional states
as points in dimensional space, the system is meant to guide the
user from its current location and towards an adequate one by
reducing its distance to the safe zone. Depending how far/close the
prediction is from the safe target emotional state, the system will
generate different sounds accordingly and towards the goal.

3 FUTUREWORK
Human-robot interaction is continuously progressing, though still
with an abundance of possibilities for improvement. Our position
strongly reflects a support for the integration of socio-emotional
competences as communicational skills resembling that of humans.
Specifically, this work presents an emotional regulation mechanism
which makes use of the sound repertoire available to a robot to
address the needs of its user.

In the future, we intend to test the efficacy of the proposed system
by implementing it in robotic social companions for the elderly
and patients of socio-emotional cognitive disorders (e.g. ASD). To
this end we will be evaluating the level of improvement in terms of
engagement in a given task, developed human-robot bond as well
as reduced conflict and user frustration.
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