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Abstract

medusai is a multi-modal AI driven robotic sculpture that responds to and
interacts with humans through sound, light, touch, and movement. Inspired
by the Greek myth of Medusa, the sculpture features seven robotic arms in
the form of "snake hair" installed on top of 8x10 ft. metallic "face" structure.
Human movement around medusai is captured by a top mounted camera and an
artificial vision tracking system drives the robotic arms to follow humans, pluck
strings, and hit drums around its surface. medusai also responds with light and
electronic sound to humans’ activity such as drumming and plucking strings.
The project is inspired by the Ancient Greek myth of Medusa, who was born
as a mortal maiden known for her beauty and good nature. After being raped
and abused, Medusa was cursed by Athena to become a snake haired monster
who turns anyone who looks at her to stone. The medusai project builds on
this myth as a metaphor for the societal effects of Al in our current time. The
project captures and reflects on the good intentions and promises of Al on one
hand and the risks and threats on the other. The eerie and uncanny notion of
Al-driven robotic snakes following and threatening humans is countered by the
sculpture’s potential to inspire humans - musicians, dancers, museum visitors
- to push the boundaries of their creativity and expression by interacting with
the AI driven robotic sculpture. The chapter describes the motivation, design
considerations, and construction of the sculpture, as well as a user study and
two public performances conducted with medusai.

Keywords: Robotic Musicianship, Myth, Sculpture, Installation, Perfor-
mance

1 Motivation

Recent advancements in generative Al have led to significant societal shifts in
artistic expression among many other aspects of human life. Such a significant
societal shift is often accompanied by and sometimes a generator of myths -
stories that debate, reveal and pass on culture’s aesthetic, values, and tensions.
One of the most prevalent myths in Western culture has been the Ancient Greek
myth of Medusa, who was born as a mortal maiden known for her beauty and
good nature. Medusa was raped and abused by Poseidon and cursed by Athena



to become a snake haired monster who turns anyone who looks at her into stone.
She continued to bestow death, even after Perseus, son of Zeus, beheaded her.
The medusai project builds on the parallels of this story to the current effect
of AT on society. If the virtuous, well-intentioned motivation for AI refer to
the young Medusa, who in our story might play the roles of Poseidon, Athena
and Perseus? The project also relates to other mythological snake references
prevalent in Western culture. One of the most well known is perhaps the story
of the snake in the Garden of Eden, who tempted Eve, the archetypal mother of
humanity, to eat from the forbidden fruit. Here too, the snake is both seductive
to humans, while embodying terrible dangers of explosion and death.

Based on the questions and artistic statement posed above, we defined the
following creative goals for the project: 1. Design a sculpture that projects
uncanny and unnerving aesthetics; 2. Develop interactions that create positive
creative and artistic engagements 3. Build a large scale Greek inspired sculpture
that supports interactions with multiple users; 4. Combine modern and ancient
designs elements that bring the ancient Greek aesthetics, one of the bedrocks of
Western civilization, to our current Western-driven technological landscape.

To address these goals the kinetic sculpture incorporates seven robotic arms
on top of a human size head structure. Similarly to Medusa’s snake hair, the
robotic arms inspire awe while sparking fear at the same time. The project
also utilizes embedded speakers and lights, room size projected animation, a
surround audio system and ceiling mounted lights to create an large scale im-
mersive experience.

Three forms of musical outputs have been incorporated into the structure:
1. robotic arms plucking strings, 2. robotic arms playing drums, and 3. spatial
speakers which complements the acoustic sounds with surround electronic music.
We also utilized lights and robotic gestures as additional forms of outputs. For
inputs, medusai utilizes a camera based vision system that tracks the number
of people around it, including their location and gestures. Acoustic pickups are
embedded around the structure for novice and professional musicians to engage
in music making through plucking the strings and drumming on the sculpture
surface.

2 Related Works

The field of Robotic Musicianship is often divided into two research areas -
Musical Mechantronics, which is the study and construction of physical sys-
tems that generate sound through mechanical means; and Machine Musi-
cianship which focuses on developing algorithms and cognitive models rep-
resenting various aspects of music perception, composition, performance, and
theory.3(Weinberg et al., 2020; Bretan and Weinberg, 2016):

Robotic musicians can be designed to play traditional instruments such as
piano (Jaju et al., 2016; Zhang et al., 2009), flute (Kato et al., 2018; Solis et al.,
2007), guitar (Yang et al., 2023; Davis, 2007), marimba (Hoffman and Wein-
berg, 2010; Zahray et al., 2020) or drums (Liu et al., 2018; Weinberg et al.,
2006). They can also be designed to play New Interfaces for Musical Expression
(NIME) or have sound creation implemented into the robot itself in the form of
Mechatronic Musical Instruments (MMI) (Gurevich, 2014). For example, Pla-
cencia and Carnegie created a modular string playing device titled Azure Talos



- a table top structure containing six strings that are excitepd by a revolving
picking mechanism (Yepez Placencia et al., 2020; Carnegie et al., 2020). While
Azure Talos can generate a variety of plucking sounds, it’s mechanical gestures
are limited to repetitive small movements that could not support gestural mu-
sical expression. Vindriis’ StrumBot, on the other hand, uses a robotic arm
to strum a pitch shifting string which can project some expression in its an-
cillary gestures (Vindriis and Carnergie, 2016). StrumBot, however, it is not
programmed to respond to human input and does not provide multiple sound
generation modalities.

Unlike medusai, previous robotic musicianship projects are often limited in
size, focus on a limited sound excitation method, and can not be experienced
interactively by a group. Only a few efforts have been made to integrate me-
chanical actuators into large scale musical installations, (Flg and Wilmers, 2015;
Singer et al., 2005). While these efforts feature some elements of the interactions
and modalities explored in medusai, they do not integrate these modalities into a
central embodied robotic musician that utilizes gestures, music (both electronic
and acoustic), light, and projection as featured in this project.

3 Sculpture Design

Before designing and constructing the Greek inspired version of medusai, we
experimented with a variety of human-robot interaction schemes using uFactory
robotic arms? installed on an 8 ft geodesic dome. The dome was made of steel
rods forming the frame, with open faces that were used to mount robotic arms,
strings, and percussion surfaces. A camera was embedded at the front of the
structure to detect human gestures within a 100-degree field of view. The strings
were mounted onto the frame and amplified by custom built planar speakers.
When a robotic arm plucked a string, the steel frame resonated and amplified
the sound.

The development of the geodesic dome prototype led to three main goals for
the current Greek inspired design: 1. Design a larger scale and more accurate
computer vision system to capture humans moving around the sculpture; 2. Add
audio as an input modality for the interaction; 3. Embed lighting to enhance
the experience and guide users around the sculpture. With these objectives in
mind, we added the following features to the current design:

1. Vision A wide angle camera was mounted on the ceiling in front of medu-
sai to capture a wider area of human activity around the sculpture. A
YOLO vision system (Huang et al., 2018) which allows for tracking multi-
ple people was implemented to track human activity around the sculpture.

2. Sound Electromagnetic pickups were installed in the structure in order
to capture physical impact such as in drumming or plucking. Multiple
speakers were installed in and around the structure to project electronic
sound in response to human’s activity.

3. Lights Strips of multi-colored LED lights were embedded in the structure
in addition to a room scale projected lighting system designed to respond
to detected human activity.

Lhttps://www.ufactory.cc/product-page/ufactory-xarm-7,/



Steel was used for the final Greek inspired design of the sculpture due to
its acoustic properties that allow sound to bounce and echo when chambered.
Additionally, utilizing steel simplified the sculpture faceted design, making it
easier to mount the robotic arms, instruments, and electronics. Aesthetically,
medusai is modeled after the asymmetrical features of Medusa’s head, particu-
larly around the the eyes and nose areas. To maintain the theme of asymmetry,
the following rules were applied to the faceted design: no triangle could have
a vertex along the edge of another triangle, no triangles could be equilateral,
and no triangles within a "section" could be the same size. Above the hairline,
non-uniform extensions were added in the form of of steel extensions to resemble
low polygon snakes. These steel extensions provided a visual transition between
medusai’s facial structures and the robotic arms. The extensions were shaped
as "snake nest," each consisting of two steel chambers facing each other, with a
robotic arm installed in between, and a string mounted between them. Design
considerations for the nests focused on robot arm placement and string length.
Each string had to have a minimum length of 250 mm to allow a robotic arm
to fit through and properly pluck the string. The strings were limited to a
maximum length of 600 mm, as this is the maximum length to properly tension
our string to play G3 (196 Hz). The top left of figure 1 shows an example of
a singular nest. The full combination of seven different nests is shown on the
top right. For string plucking, 3D printed tips were designed to resemble snake
heads, with guitar picks embedded at the end to look like tongues, as shown at
the bottom of 1.

For acoustic amplification, string tuners were mounted at the ends of the steel
snakes in each nest. Metal guitar strings were tuned to different frequencies for
each of the seven nests. The hollow insides of the steel snakes were partitioned
to create volumes that acted as internal resonators to amplify the string sounds.
We calculated these volumes using the Helmholtz resonance equation, assuming
the neck had a small opening. Each snake nest chamber also contained a speaker.

For electronic amplification, pickups were mounted on the surface of the
sculpture. Sounds from hitting around the pickups were processed through ef-
fects and played back via the spatialized embedded speakers. Drumming across
the structure created a wide variety of timbres, as each facet has different size
and side length, resulting in unique resonant patterns and fundamental frequen-
cies.

4 Human-Robot Interactions

The sculpture has two modalities for input - vision and audio - and three forms
of output - lights, sound, and robotic gestures. The sculpture functions in two
states, one is designed for interactive installations for the general public, and the
other for pre-rehearsed performance with professional musicians and dancers.
In Installation Mode medusai interacts with any number of human participants
that have no prior experience with the sculpture. Here, we chose to focus to
highlights the robotic arms snaking gestures. During installation mode, the
robotic arms are moving in a slithering manner to provide engaging visuals for
the audience. The autonomous snaking gesture is occasionally interrupted when
the robotic arm stochasticly plucks a string. In some occasions, a robotic arm
will switch to follow a participants who walks near a snake nest. Music for this






