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ABSTRACT

This paper describes the design, implementation, and evalu-
ation of Xyborg, a wearable instrument designed to leverage
hand input gestures and arm movements. Xyborg’s aims in-
clude developing a low-cost musical instrument, providing
the performer with expressive control over sound param-
eters, and establishing a transparent connection between
gestures and the resulting sounds for spectators. The de-
sign of this instrument prioritizes controllable sonic features
and a fixed comprehensible mapping between gestures and
sounds, rather than aiming for a broad range of functions
and variable mapping. The participants in the evaluation
unanimously agreed on the potential for long-term engage-
ment and recognized Xyborg as an instrument that enables
expressive sound control through movement, emphasizing
its skill-based nature.
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CCS Concepts

•Applied computing → Sound and music computing; Per-
forming arts; •Human-centered computing → Interaction
design;

1. INTRODUCTION
Xyborg is a novel wearable musical instrument, designed
with traditional instruments and desktop controllers in
mind yet focusing on a more physically engaging and bodily
playing experience by offering sound generation and manip-
ulation using arm, hand, and finger gestures. Unlike similar
instruments, which are often tailored for solo performances
or specific compositions [1], Xyborg blends controllability
with a familiar fingering layout and material design, aiming
for intuitive use in live ensemble performances and collabo-
rative musicking.
Xyborg focuses exclusively on real-time sound synthe-

sis and is conceptualized to be a standalone instrument
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that is low-cost, open-source, and relatively easy to fab-
ricate. Technical documentation and source-code are avail-
able online 1. Capacitive touch and accelerometer sensors
enable users to produce musical notes across a chromatic
scale and control synthesis parameters. This paper out-
lines Xyborg’s design philosophy that explores embodied,
gesture-driven sound expression along with reproducibility
of musical tasks, drawing inspiration from Michel Waisvisz’s
The Hands, which similarly highlighted a “balance between
structure and physicality” [2].

2. RELATED WORKS
Monitoring arm, hand, and finger movement has been a
prominent goal in Human-Computer Interaction since the
late 1970s [3]. The latter decade saw the invention of re-
markable prototypes, including usage of the then brand-new
MIDI protocol [4] and real-time sound synthesis [5]. Since
then, numerous systems have been designed, with some
of them being transformed into musical general-purpose
controllers such as Imogen Heap’s mi.mu gloves2[6] or the
genki ring3. These instruments are gestural controllers, in
essence, asking the user to implement their own mapping
[7].

Other systems have remained in a state of continuous
development by their respective designers or performers in
favor of individualization. Laetitia Sonami’s lady’s glove4,
Michel Waisvisz’s The Hands5[4] or the virtuosic beatjazz
explorations with self-build controllers by Onyx Ashanti 6

are such examples that allow controlling sound synthesis
and sample manipulation. Similarly, there are a number
of interfaces mainly designed as controllers [8][9]. However,
such designs often tend to be inaccessible to other musicians
and artists.

In particular, Michel Waisvisz’s instrument The Hands is
an iconic milestone in the field of wearable digital musical
instruments. Waiswisz’s first simple yet effective hardware
controller design of The Hands has been determined to be a
good starting point to base Xyborg’s design off of in order to
explore control and embodiment. Version 1 of The Hands,
realized in 1984 and visible in Figure 1, consists of a pair
of data gloves constructed with metal plates and equipped
with elastic bands for secure fastening. The gloves housed
multiple sensors, such as momentary push keys, mercury
tilt switches for orientation data, and an ultrasonic receiver
and transmitter for distance sensing. Each hand has 12

1https://github.com/shx-vhs/xyborg
2https://mimugloves.com/
3https://genkiinstruments.com/
4https://sonami.net/portfolio/items/ladys-glove/
5https://cracklemusic.org/TheHands.html
6https://www.ted.com/talks/onyx_ashanti_this_is_
beatjazz



pitch keys, which are manipulated by the index, middle,
ring, and little finger. Similar to The Hands, Xyborg also
uses the full arm movement potential [10].
Concerning mapping strategies and the software side of

instrument design, Xyborg relates to a more general de-
sign philosophy found in Waiswisz’ work rather than specific
technical aspects of The Hands. We refer, in particular, to
the idea of balancing structure and physicality [2]. Xyborg’s
design aims to strike a balance between commercial gestural
controllers and artistic NIME projects, emphasizing preci-
sion in sound generation while allowing for expressive play.

Figure 1: Michel Waiswisz’ first prototype of The Hands from
1984.

3. DESIGN AND IMPLEMENTATION

3.1 Conceptual Ground
While developing Xyborg, we aimed at balancing the instru-
ment’s implications of structure and physicality by borrow-
ing from traditional instrument metaphors while targeting
the potential of full body motion “in the air”. In our design,
we have established three key principles:

• Access to the full range of motion of both arms.

• Expressive control of pitch and effect parameters.

• Transparent gesture-to-sound relationships.

These principles, aligned with Malloch et al.’s skill-based
interaction framework [11], foster a transparent, intuitive
connection between performer and instrument, emphasizing
expression, control, and clarity. As such, Xyborg employs
both limbs and complex mapping structures that allow a
“high ceiling” [12] for mastery and subtle timbral control.

Given Xyborg’s emphasis on performer gestures, enabling
real-time expressive nuances and varied expression states is
crucial, as highlighted by Dobrian [13]. That puts an em-
phasis on selecting appropriate sensors and crafting effective
mappings. West et al. stress that a transparent mapping
structure effectively conveys the performer’s motion-sound
congruity and illustrates the instrument’s function [14]. The
performer must possess the ability to deliberately influence
the outcomes through their movements, which spectators
should also recognize.
Incorporating metaphors or analogies can enhance con-

trol and clarity, creating a shared understanding among
the instrument creators, performers, and audiences [14]. In
that regard, Fels et al. argue that metaphors also improve

transparency and expression [15]. Balancing mapping trans-
parency with control complexity is vital to avoid the in-
strument becoming too challenging or confusing in motion–
sound relationships [16]. That is particularly important to
enable “flow” processes, providing instant, casual feedback
while fostering a sense of discovery [17]. Such a balanced
approach involves integrating embodied metaphors derived
from established instrument practices and introducing com-
plexity through a dynamic timbre space manipulation, con-
necting actions to timbre dimensions rather than mere syn-
thesis parameters [14].

3.2 Physical Interface
Xyborg’s specific setup allows complete mobility and inde-
pendence from a laptop in a performance situation. Figure 2
illustrates an overview of the hardware layout of the instru-
ment. In addition to that, Figure 3 and Figure 4 show the
fully assembled physical interface.

We opted for custom-made capacitive pitch keys over
push buttons for several reasons. Firstly, they enable the
user to adjust the size and position of the gestural con-
troller according to their preferences. Secondly, unlike push
buttons, they potentially enable better agility due to the
absence of any significant trigger distance. Trill Craft, a
breakout board 7 for a capacitive touch sensing (CTS) inte-
grated circuit, is used to interface the pitch keys. The sen-
sors are placed at a relative height to provide a small degree
of tactile feedback. Aluminum tape is used to wrap the bare
ends of stranded wire around 20x20 mm PCB board pieces.
An additional layer of adhesive tape protects the aluminum
surface. Each of the twelve keys represents a step on the
chromatic scale. Two pitch keys were assigned to the in-
dex and middle fingers to control six keys with four fingers.
The thumb can also control functions with push buttons
and CTS’ in each hand. Each frame has a top-mounted
triaxial analog accelerometer, which data is also used to ex-
tract the orientation of each frame. Waiswisz’s initial design
specified a 3x4 arrangement of the pitch keys, allowing for
a complete octave to be played on each hand. However, at-
tempting to navigate to a specific pitch key with one finger
without inadvertently triggering another would be exceed-
ingly challenging. Consequently, octave range control was
outsourced to additional CTSs on the upper frame.

3.3 Sound Engine and Mapping
The sound engine of Xyborg uses wavetable synthesis to
create an independent waveform for each pitch key. The
signals are then combined and processed through a low-
pass filter, a distortion effect based on wavefolding, and
finally a modulation effect. Xyborg’s implementation uses
the graphical programming language Pure Data (Pd) run-
ning on Bela8.Figure 5 illustrates the mapping and signal
flow for each hand controller. The selection of effect param-
eters for manipulation and mapping strategies is driven by
achieving a balance between complexity and transparency.
Clear and unambiguous mapping is a main ingredient for
establishing transparency between the performer and the
spectator. However, a straightforward one-to-one mapping
would not be appropriate for a skill-based interaction, and
thus, it was necessary to enhance it with a more intricate
approach.

To simplify the control and improve the transparency of
key musical elements, we use primarily one-to-one mappings
for the filter’s pitch, octave control, and cutoff frequency.

7https://bela.io/products/trill/
8https://bela.io/products/bela-and-bela-mini/




