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ABSTRACT
As industrial robots and social robots become prevalent in commer-
cial and home settings it is crucial to improve forms of communi-
cation with human collaborators and companions. In this work, I
describe the use of musical improvisation to generate emotional mu-
sical prosody for improved human-robot interaction. This aims to
develop a canny approach, where robots perform in a mechanomor-
phic manner improving collaboration opportunities with humans.
I have currently collected a new 12-hour dataset and developed
a Conditional Variational Autoencoder to generate new phrases.
Generations have then been used to compare the impact of prosody
on anthropomorphism, animacy, likeability, perceived intelligence,
and trust. Future work will incorporate prosody into groups of
robots and humans, using personality to drive emotional decisions
and emotion contagion.
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1 INTRODUCTION
As the role of robots and arti�cial intelligence increases, there is a
need to �nd improved ways to interact with these systems. Many
systems focus on achieving human-like features and interactions,
building around anthropomorphic design. There is a growing body
of work that also suggests the counter approach of mechanomor-
phic design has a greater potential for future development [16]. Un-
canny valley describes that as a robot becomes more human, they
becomemore appealing, until they reach a point where they elicit re-
vulsion. Moore suggests the contrasting "canny" approach, whereby
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robots are developed that are clearly robots [15] and openly display
their capabilities and robotic features.

In my Ph.D. dissertation, I propose that musical improvisation
o�ers a "canny" approach to robot design and communication.
Just as the �eld of human-robot interaction (HRI) requires new
thinking and methods beyond those existing in human-computer
interaction [4], robotic audio creation can not simply recycle exist-
ing approaches. HRI needs audio speci�cally tailored to robotics,
with deep consideration for embodied sound and its implication
across use cases and platforms. I believe music can o�er methods
of interacting that are comparable to human-communication while
avoiding the uncanny valley. Music is an inherently dialogue-like
medium, between composer, performer and audience [3] while
Higgins describes that for most listeners, even music through head-
phones is "a kind of communication between themselves and other
human beings" [11]. In addition to possibilities for direct commu-
nication, musical interaction can act as a framework to develop
broader principles for human robot interaction. I focus on using
emotional musical prosody for communication in both social and
industrial robotics.

2 RELATEDWORK
Verbal language-based interaction is the prominent form of com-
munication used in human-robot interaction [14] covering a wide
range of tasks from robot companions [8] to industry [17]. Many
robotic interactions do not include language; these non-verbal
forms of communication fall into six categories, kinesics, prox-
emics, haptics, chronemics, presentation, and vocalics [12, 19]. The
�nal category, vocalics, includes ideas such as prosody [7]. The vast
majority of these communication techniques require signi�cant
technical and �nancial expense and variation to a system [19].

Robot personality has been shown to improve human-robot in-
teraction with related research on arti�cial agents and personality
traits [2, 13] indicating that an e�ective approach for collaborating
with arti�cial agents is through conveying emotions using non-
verbal communication channels such as prosody. E�orts to generate
and manipulate prosody focused on linguistic robotic communica-
tion [7], and have been successful in conveying expressions such
as approval, prohibition, attention, and comfort [5]. Music is a pow-
erful medium to convey emotions [26], and shares many of the
underlying building blocks of prosody such as pitch, timing, loud-
ness, intonation, and timbre [10, 28, 29]. Music generation has been
widely addressed as a deep learning task [6], in particular using
LSTMs [27, 30]. Music tagged with emotion has also been achieved
through LSTMs with logistic regression used to generate music
with sentiment [9], or a BALSTM network [31] generating musical
phrases corresponding to Russel’s valence-arousal emotion space.
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3 CURRENT RESULTS
The �rst key research area is developing emotion-tagged musical
prosody to drive human-robot communication and interaction. I
will build a scalable model that allows real-time interactions with
emotional musical prosody, that can utilize a newly created dataset.
This prosody will then be utilized for multiple bene�ts to human-
robot interaction such as improved trust and likeability. I will then
use emotional prosody for both human-to-robot and robot-to-robot
communication allowing for consistent team-work between groups
of humans and robots. These research areas lead to the primary
research question:

Can an emotion-tagged musical prosody gener-
ative system improve trust, likeability, and per-
ceived intelligence in individual and grouphuman-
robot interaction?

This research question will be split into four sub-questions aim-
ing to address speci�c parts of each question. I havemade signi�cant
progress with research questions 1 and 2. The results from these
studies have been published, [20–24] and are discussed in the fol-
lowing section. Two of these papers have successfully presented
a development of the real-time generative system and have been
applied to use cases in social and industrial robotics. The other two
published papers have studied the application of prosody to trust
and other HRI metrics. Research questions 3 and 4 are in progress
and described in the future work section.

RQ 1: How can we develop a scalable, real-time model for emotion-
tagged prosody generation utilizing a newly created data-set of im-
provisations?

To develop a prosody generator I created a new dataset consist-
ing of the material from three vocalists, each one improvising using
the Geneva Emotion Wheel (GEW) [18] for 4 hours. GEW includes
20 discrete emotion categories, �ve for each quadrant of the cir-
cumplex model of emotion. The generative system was designed
foremost to operate in real-time and allow rapid generation and
dialogue exchange between human and robot. For this reason, the
system combines symbolic deep learning through a Conditional
Convolution Variational Auto-encoder, with an emotion-tagged
audio sampler. This aimed to combine the best generation options
available with a system that can be implemented on a variety of
platforms. I evaluated this system primarily through listening tests,
with users rating their ability to recognize emotions and qualitative
questions and showing success rates matching those achieved by
the dataset.

RQ 2: How can non-verbal prosody through musical phrases accu-
rately increase the level of anthropomorphism, animacy, likeability,
perceived intelligence, and trust?

To analyze these HRI metrics and prosody I then compared their
implementation in a robotic industrial arm and Shimi, a social
robot. I conducted three separate studies to answer these ques-
tions. The �rst study focused on Shimi interacting with emotional
phrases that match a users’ choice emotion and then measuring
users’ trust, and had 28 in-person participants. I was able to show
a signi�cant result (p<0.001) for the prosody system over gestures,
or speech-to-text systems. The second study involved participants
interacting with a robotic arm assisting in a pattern recognition task
and responding emotionally to the users’ choices, and had 92 online

Figure 1: Godspeed metrics for Robotic Arm with di�erent
audio

Figure 2: Godspeed metrics comparing platforms with
prosody

participants. A post-interaction survey was conducted using the
Godspeed metrics [1] for anthropomorphism, animacy, likeability,
perceived intelligence, and the Schaefer2016 survey [25] for trust.
Figure 2 shows a comparison for the Godspeed metrics between the
robot arm with no audio, baseline audio, and the prosody system.
These results indicated that prosody has a signi�cant di�erence
for anthropomorphism and likability, but not for perceived safety.
The �nal study compared the arm and social robot between groups
completing the same task. Figure 2 shows the variation in results
between a social robot (Seekerbot), a Robotic Arm, a and mobile
robot (Stretch). While further research is required, these results in-
dicated that audio’s performance is not consistent across platforms
and does require re�nement based on the robot and its desired use
case.

4 FUTUREWORK
Research question 3 will explore how personality can be used to
choose emotional reactions for robots. This will emphasize both
the robots taking on personality traits and identifying personality
traits from human collaborators. The robotic responses will be
dictated by common strategies used for personality types with
high and low neuroticism and extraversion. These interactions will
be expanded to large groups of humans and robots for research
question 4, allowing an exploration of the range of possibilities for
musical prosody while developing new knowledge about humans’
preference for robotic emotional response.
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