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Figure 1: Overview of the robotic saxophone quartet. The left panel shows the four robotic saxophones—soprano, alto,
tenor, and baritone—developed in this work. The right panel illustrates a live ensemble performance, where human players
perform a saxophone quartet using the robotic instruments.

Abstract

We present a semi-automatic robotic saxophone system that
assists saxophone key operations using servo-motor—driven ac-
tuators. The system augments conventional acoustic saxophones
by supporting fingering actions while leaving breath control and
musical expression to the human performer. We developed four
robotic saxophones—soprano, alto, tenor, and baritone—which
can be performed simultaneously to enable a robot-assisted sax-
ophone quartet. Due to differences in instrument size, key lay-
out, and performer posture across the four saxophone types, the
placement and mechanism of actuators required careful design.
Through iterative prototyping and experimentation, we iden-
tified suitable actuator configurations for each instrument. To
support intuitive performance, we developed a dedicated music-
game-style graphical user interface, enabling wireless communi-
cation and battery-powered operation. This design allows per-
formers to handle the instruments in a manner comparable to
conventional saxophone performance. The robotic saxophone of-
fers the advantage of reliable and error-free execution of rapid fin-
gering patterns that are challenging for human players. Through
performance demonstrations, we show that the proposed system
achieves practical usability as an augmented musical instrument.
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1 Introduction

The saxophone is a widely recognized wind instrument, valued
for its expressive sound and broad use across musical genres.
Although many people are motivated to learn the saxophone,
performance is widely regarded as challenging for beginners.
This difficulty stems from several factors: the need to memorize
complex fingering patterns involving approximately 32 keys, the
coordination of fingering with musical notation and rhythm, and
the precise control of breath and embouchure required to pro-
duce sound. Together, these cognitive, motor, and physiological
demands create a steep learning curve that often discourages
novice players.

To address these challenges, we have been developing a semi-
automatic robotic saxophone that supports fingering and score-
related operations through a robotic system, while leaving breath
input and expressive control to the human performer. By dele-
gating complex key operations and timing control to the robot,
performers can focus solely on supplying breath at appropri-
ate moments, enabling musical performance without mastering
traditional fingering techniques or music reading skills. This ap-
proach allows beginners to experience advanced performance at
an early stage and to concentrate their practice on breath control
and embouchure, which are central to musical expressivity.

In this paper, we extend the robotic saxophone system to
a robot-assisted saxophone quartet consisting of soprano, alto,
tenor, and baritone saxophones. Because these instruments differ
in size, key layout, required actuation force, and playing posture,
instrument-specific robotic mechanisms are required to ensure
sufficient power while avoiding physical interference with the
performer. We present optimized designs for each instrument
and address ensemble-specific challenges such as communica-
tion, synchronization, and compensation for mechanical delays.
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Mechanical delays are measured and incorporated into MIDI-
based control data to achieve coordinated ensemble performance.
Finally, we demonstrate the practical feasibility of the proposed
system through a public concert featuring a robo-sax quartet,
confirming its suitability for real-world musical performance.

Our contributions are summarized as follows:

We extend a semi-automatic robotic saxophone framework
to a multi-instrument ensemble, realizing a robot-assisted
saxophone quartet that integrates human breath control
with robotic key actuation.

We design and implement instrument-specific robotic mech-
anisms that address physical constraints across different
saxophone types, including size, key configuration, actua-
tion force, and performer posture.

We propose a delay-compensated synchronization scheme
for robotic ensemble performance based on measured me-
chanical delays, and validate the system through a public
concert demonstration.

2 Related Work

Research on automated musical instruments spans a long history
and can be broadly categorized into fully automatic systems,
in which a machine performs music independently, and semi-
automatic systems, in which a human performer remains an
active participant. This section reviews representative work in
both categories and positions our approach within the context
of semi-automatic, human-in-the-loop musical instruments.

2.1 Fully Automatic Musical Instruments

Early examples of fully automatic musical instruments date back
more than two centuries. Mechanical music boxes [4] and hand-
cranked organs encoded musical sequences using mechanical
media such as cylinders and punch cards. In the early twentieth
century, more elaborate systems such as the Hupfeld Phonoliszt
Violina [2] were developed, enabling automatic performance on
instruments including the piano and violin. These systems can
be understood as early mechanical music sequencers.

From the 1960s onward, mechanical sequencing technologies
were largely replaced by electronic sequencers, which became
widespread alongside synthesizers and sound modules. Parallel
to this development, research emerged on robots capable of per-
forming acoustic musical instruments rather than electronic ones.
Since the 1980s, robots capable of playing instruments such as
the violin, piano, and guitar have been reported [1, 3, 6, 8, 12],
and fully automatic pianos have since been commercialized.

Since the 2000s, humanoid robots capable of playing wind
instruments such as the trumpet, flute, and saxophone have also
been actively studied [7, 10, 11, 15]. In these systems, key or
valve operations are typically performed by robotic fingers, while
sound production is achieved through artificial lips and lung
mechanisms. Although such robots demonstrate impressive tech-
nical achievements, their primary role is often demonstrative or
performative, offering audiences a passive experience of listening
to or observing a robot’s performance.

2.2 Semi-Automatic Musical Instruments

In contrast to fully automated systems, semi-automatic musical
instruments aim to support human performance rather than
replace it. These systems are often motivated by pedagogical
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Figure 2: Robo-soprano saxophone with an attached
robotic key-actuation module. Nineteen servo motors and
a compact control circuit are integrated into a high-rigidity
anodized aluminum body, enabling reliable key actuation

goals, accessibility, or the desire to lower technical barriers to
musical expression.

Various assistive devices have long been used in musical prac-
tice, such as mechanisms that simplify chord fingering on the
guitar, support violin bowing, or attach to the mouthpiece of a
flute to aid sound production. One-handed recorders and other
modified instruments have also been developed to accommodate
performers with physical constraints.

More recent research has explored robotic and computational
approaches to performance assistance [9, 13, 14]. Some systems
employ actuators to press guitar strings or assist with flute fin-
gering [5], while leaving expressive control, timing, and sound
production to the human performer. These approaches emphasize
the performer’s agency and embodiment.

Because the human remains the primary musical actor, semi-
automatic instruments offer an active and participatory musical
experience, in contrast to the largely passive consumption as-
sociated with fully automated performance robots. Our work
builds on this line of research by exploring a semi-automatic
robotic saxophone system that supports complex key operations
while preserving human breath input and expressive control, and
further extends this concept to ensemble performance.

3 Robo-Sax System

Figure 2 shows the developed robo-soprano saxophone. The robo-
sax system consists of a high-rigidity sheet-metal body on which
19 servo motors (A20BHS) and a control circuit are mounted
to an actual soprano sax (Yanagisawa SWO2). The robot assists
saxophone key operations while allowing the performer to play
the instrument in a conventional manner. In this section, we
describe the mechanical structure, control electronics, actuator
selection, key actuation mechanism, and overall weight of the
system.

3.1 Body Design and Mechanical Properties

Because the servo motors exert relatively high forces to actuate
saxophone keys, the robot body must have sufficient rigidity to
withstand these forces without deformation. Although steel or
stainless steel would provide high stiffness, their weight makes
them unsuitable for a wearable musical instrument. Therefore,
the body was fabricated from aluminum alloy A5052 sheet metal
with a thickness of 2 mm. The total weight of the body plate is
195g.
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