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ABSTRACT

This paper presents the design and implementation of a
new system for human-computer interactive performances,
integrating gesture recognition for live vocal improvisation
with Somax2, particularly within cultural contexts. Us-
ing the MediaPipe framework in Python for real-time hand
tracking, performer gestures are mapped to live signals,
which are transmitted to the Max/MSP environment with
the Open Sound Control (OSC) protocol. The received sig-
nals are mapped to parameters for controlling live vocal
effects, which influence Somax2’s generative output.

We then demonstrate the system’s usage and performance
workflow with Minotaur’s Lament, an improvisation in-
spired by Greek mythology and Ancient Greek musical
forms. Mapping gestures to pitch shift, we find that the
proposed framework enables enhanced vocal expressivity
and Somax2 musical variability. As an additional con-
trol layer for the Somax?2 architecture, the system widens
the improviser’s creative flexibility, with potential for fur-
ther applications in culturally-embedded interactive perfor-
mances and computer music interfaces. The paper pro-
vides an overview of the system architecture, technical im-
plementation of the performance, as well as the artistic
background and intent.

1. INTRODUCTION

Since the development of Al-powered real-time computer
vision tools in early 21st century, gesture control has be-
come widely adopted in interactive music performances,
particularly in the context of computer music. Performers
began to experiment with the use of physical movement to
shape sound synthesis, as exemplified by earlier studies of
hand gesture-based musical parameter control using Time
Delay Neural Networks (TDNN) [1].

Later developments saw the release of MediaPipe, an
open-source computer vision framework. Based on Con-
volutional Neural Networks (CNN), it enables highly ro-
bust real-time gesture tracking [2]. Through the Open
Sound Protocol (OSC) protocol [3], MediaPipe has been
extensively integrated into the Max/MSP architecture for
movement-based audio-visual interactions, such as SoniS-
pace [4] and NeoLightning [5]. Within the domain of fin-
ger tracking, works such as MuGeVI [6] have expanded
gesture control into the creation of multi-functional virtual
instruments.

Additionally, computer-based interactive music has been
studied in cultural contexts, with the creation of perfor-
mance systems such as LOERIC for Irish traditional dance
music [7]. Gesture control, with significant potential in
such applications, has also been integrated in digitising tra-
ditional instruments, such as the Chinese erhu [8].

However, most gesture-controlled computer music archi-
tectures have been designed for direct sonic interaction
and control. Until recently, gesture control has not been
widely incorporated in human-machine co-creative perfor-
mances, especially in the context of real-time Al-based
musical composition and improvisation agents such as So-
max2. Such use cases are even more rarely integrated into
culturally-embedded music performances. Kinesthesis 2.0
[13, 17] was proposed as the first gesture-controlled So-
max2 improvisation architecture using a MediaPipe-OSC-
Max/MSP pipeline. Drawing on ancient Greek tragedies
and theatrical practices, it enabled interactive vocal impro-
visation embodying gestures and movements inspired by
traditional schemata, while extending performance expres-
sivity and cohesion through using Greek music as musical
material for Somax2. Nevertheless, it primarily focused on
the relationship between gestures and vocal effects, which
were not specifically designed to influence Somax2 be-
haviour. The process by which gesture-controlled sounds
can directly interact with creative Al musical agents re-
mains unexplored.

On the other hand, existing computer music works in-
spired by the Greek culture have taken various forms, often
featuring elements drawn from Greek mythology [12,22].
However, such works have primarily been realised as fixed
media, rather than real-time musical interactions and im-
provisations.

Thus, building on previous work in the fields of music
gesture control and human-machine interaction, our study
aims to present a new, interactive pipeline for vocal im-
provisation that connects sound, gestures and machine cre-
ativity into an interlinked and culturally-embedded perfor-
mance. Expanding upon [13], our system structurally inte-
grates gesture-modulated vocal signals into Somax2’s gen-
erative decision process.

Specifically, we will use the figure of Minotaur from
Greek mythology as our thematic foundation. Using hand
gestures for pitch-shift control, we attempt to replicate the
voice of Minotaur, the half-man and half-bull monster [19].
Meanwhile, the mystery of the labyrinth [21] is recreated
as a soundscape by Somax2, which is influenced by the
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Figure 1. System architecture of the proposed interactive system for live improvisation with Somax2. The performer(s)
carries out four main tasks: vocals, hand motion for gesture control, MIDI keyboard input, and knob & fader control for
Somax2. The voice and gesture control branches are described in Section 2, while the other components of the architecture

are detailed in Section 3.

modulated voice in real time.

Through this system, we aim to widen the application
of gesture control in interactive computer music perfor-
mances, and thus extend the use of Somax2 in playing a
more active role for shaping cultural soundscapes, as in-
spired by Greek mythical archetypes. Nonetheless, the ar-
chitecture used in this research is designed to be equally
applicable in non-cultural contexts, and is aimed at con-
tributing to the wider field of human-computer interaction
for musical expression.

2. INTERACTIVE SYSTEM FOR GESTURE
CONTROL

At the core of the system architecture is a pipeline link-
ing real-time hand tracking to the pitch shift effect on
live vocals. This is implemented through a pipeline run-
ning from OpenCV and MediaPipe in Python into a cus-
tom Max/MSP patch for further sound processing. Pre-
vious gesture control pipelines based on MediaPipe and
Max/MSP have been found to yield reliable results, with
[6] highlighting the system’s low latency and flexibility as
an advantage in its live performance applications.

2.1 Real-Time Hand Tracking

MediaPipe is an open-source, cross-platform framework
for real-time computer vision. Specifically, we used Medi-
aPipe Hands, a library that provides robust hand-tracking
solutions, in combination with OpenCV for camera cap-
ture and image conversion. The MediaPipe layer is pro-
cessed through Python, which provides cross-platform sta-
bility for our architecture. Our study was conducted using
a webcam with 1080p resolution at 30 fps, connected to
an M2 MacBook Air for MediaPipe tracking and all other
software processing.

Using our custom Python program, we implement gestu-
ral design using MediaPipe’s Hand Landmark Model, as
shown in Fig. 2. Based on the landmark indices denoting

various hand regions, we define two parameters, which are
later used for gesture control mapping:

* Vertical hand position (hand_y): the y-coordinate
of 0 (wrist), within the camera frame. This is com-
puted through MediaPipe’s normalised image coor-
dinates, which return y 2 [0; 1] moving from the top
to the bottom of the frame. To reduce edge sensi-
tivity, only the middle 80% of the camera’s vertical
range is active, while the outside range is clamped to
Oorl.

¢ Pinch distance (hand_pinch): the Euclidean dis-
tance between 4 (thumb tip) and 8 (index tip), com-
puted using the two landmarks’ respective X and
y positions as a fraction of the frame size. Dis-
tances 0:02 return a value of 0, while distances
0:18 return 1. Distances between the two values

are mapped linearly between O and 1.

Figure 2. The hand’s 21 anatomical landmarks, as tracked
and processed by MediaPipe Hands in real time using num-
bers 0-20. [10]

In addition, we limit MediaPipe to track only one hand, as
the performer’s non-gesture hand may create disturbances
to the program’s output during performance.



The two parameters, hand_y and hand_pinch, are
subsequently sent as Open Sound Control (OSC) messages
via the User Datagram Protocol (UDP), transmitting values
to Max/MSP in real time for gesture-based sound process-
ing.

2.2 Pitch Shift

We choose to experiment with the voice in our study, as
it draws on a traditional musical form, the Ancient Greek
lament, a mourning song typically accompanying ancient
burial customs [11]. Applying it to Minotaur’s voice en-
ables an extension of Greek musical traditions into mytho-
logical tropes. Furthermore, as the Greek lament is often
sung by one solo performer, our choice of using voice mir-
rors such tradition, allowing a single user to engage with
the entire performance through music and gestures, as their
hands are not limited to playing a musical instrument.

We use a Max/MSP patch, shown in Fig. 3, as the central
layer of our architecture, serving both as the effects pro-
cessor and the user interface during performance. The live
vocal input, Vjy, is processed by Max/MSP through a pitch-
shifting module, which is parametrised by the hand gesture
input. Pitch shift widens the frequency range of the per-
former’s voice, enhancing the improvisation’s emotional
expressivity [9], while mirroring Minotaur’s vocality. In
addition, it also influences the musical output of Somax2,
which analyses the input sound’s tonal and harmonic con-
tent as a major part of its musical decision-making frame-
work [14].

We design the system to support pitch shifting within a
frequency range of f 2 [ 200; +200] hertz relative to
the input voice. This is controlled by the vertical hand po-
sition, hand_y, where OSC values in the range [0 1] are
linearly mapped onto the frequency shift span. This map-
ping reinforces an embodied performance setup, whereby
physical movement in height intuitively corresponds to
pitch.

Meanwhile, the hand_pinch parameter is mapped onto
the gain of the processed signal, Ve, = P(Vin; F), act-
ing as a multiplier that controls the volume of the pitch-
shifted voice. The Max/MSP patch then outputs a com-
posite signal, Vg, which combines the wet channel with
the clean signal with a 30% gain reduction, allowing the
pitch-shifted vocals to be more prominent than the clean
signal in the resulting combined output.

The overall signal processing in the Max/MSP module
can be described by the following equation, where ¢ is the
gain multiplier dictated by pinch distance:

Voul = 0:7Vin + g Vwet (1)

The composite signal is then received by Somax2’s audio
influencer for feature extraction, allowing gesture control
to shape its corpus-based generative behaviour.

All source code used in this research is available in a
GitHub repository. !

! https://github.com/pinganyao/minotaurs-lament
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Figure 3. Max/MSP patch used for the performance. Ges-
ture parameters are mapped to the pitch shift effect of the
live vocals.

3. LIVE IMPROVISATION WITH SOMAX2 -
PERFORMANCE ARCHITECTURE

To create an interactive and immersive experience while
improvising with Somax2, as well as to maximise the de-
gree of user control, a customised Somax2 setup is used,
while incorporating additional components that are inte-
grated into the performance architecture.

3.1 Somax2 Players

A Somax2 player is a module within the Somax2 sys-
tem, which operates on a specific musical corpus?, and
autonomously generates its output based on an influence
source. Each player acts as an independent improviser dur-
ing the performance.

We use two Somax2 players in our setup, enabling the
generation of a rich and multi-layered soundscape. As each
player can provide distinct behavioural and timbral char-
acteristics, our system also allows for increased musical
variations, inviting performers to freely engage with musi-
cal co-creativity. Player 1 uses the audio influencer as its
source, taking the gesture-controlled vocals as input to its
musical generation. In contrast, player 2 is designed to re-
ceive input from the MIDI influencer, which is controlled
by the performer through a MIDI keyboard.

Therefore, the Somax2 improvisation layer uses a con-
figuration that supports a complementary structure: player
1 is the continuation of the main gesture control architec-
ture, acting as the primary Al improviser responding to the
live vocals; player 2 can be triggered with MIDI note in-
puts, enabling the performer to introduce additional sounds
when desired.

3.2 Live Somax2 Parameter Control

During performance, the output of the Somax2 players are
highly adjustable using their parameters [15, 16], which
can be tuned to the input and the corpus, and are controlled

2 In the context of Somax2, a corpus is the musical material used by
the system to generate its output, in the format of audio or MIDI.



interactively by the performer in real time. In our perfor-
mance, we facilitate this process by connecting a hardware
MIDI controller (AKAI MIDImix) to Max/MSP, mapping
the hardware controls to various parameters that influence
the player output. This addition ensures that Somax2 pa-
rameter control remains accessible in solo performance
contexts, as the performer can now easily adjust these set-
tings using a physical interface.

Figure 4. AKAI MIDImix controller, with hardware inputs
mapped to corresponding Somax2 parameters: influence
dimensions (knobs 1-4), layer balance (knobs 9-12), and
corpus output (faders 1-4).

Fig. 4 illustrates the configuration we used on the AKAI
MIDImix. For Minotaur’s Lament, we mapped its knobs
and faders to 12 different parameters controlling player
1, and can be additionally mapped to player 2 for alter-
native performance scenarios. For performative accessi-
bility, the parameters are organised into three categories,
each assigned to a distinct section of the MIDI controller:
Knobs 1-4 are used to control the dimensions in the In-
fluence Sources routing module; Knobs 9-12 are used to
control the Layer Balance module; Channel faders 1-4 are
used to adjust the main output parameters. The specific
mapping of all 12 parameters are displayed in Table 1.

Control Somax2 Parameter Range
Knob 1 Pitch f0; 19
Knob 2 Onset f0; 1g
Knob 3 Chroma [0;1]
Knob 4 MFCC [0;1]
Knob 9 Internal melodic match [1;128]
Knob 10 Internal harmonic match [1;128]
Knob 11 External melodic match [1;128]
Knob 12 External harmonic match [1;128]
Fader 1 Timeout f0; 1g
Fader 2 Continuity [0; 127]
Fader 3 Quality [0;1]
Fader 4 Probability [0;1]

Table 1. MIDI controller mapping for Somax2 player, con-
figured for Minotaur’s Lament.

The dimensions of the influence sources correspond to

pitch, onset, chroma, and the Mel-frequency Cepstral Co-
efficient (MFCC), which are computed for the vocal input.
Thus, knobs 1-4 allow the performer to select and mix be-
tween the dimensions, adjusting the influence level of each
audio feature as received by the Somax?2 player.

The Layer Balance module controls the relative weight-
ing of various layers, including melodic and harmonic
similarities, across both internal and external influences,
thereby shaping the player’s corpus selection process. In-
creasing the weight of the internal influences leads the
player to prioritise musical similarities that correspond to
its previous output, while increasing the weight of the ex-
ternal influences increases responsiveness to the performer
input. By dynamically scaling these weights using knobs
9-12, the performer can shape the interactiveness of the
player, and control the degree to which the vocal pitch shift
influences Somax2’s output generation.

Additionally, the main output parameters, mapped to
channel faders 1-4, are central to the player’s generation
process. Timeout dictates the duration of a corpus that
the player outputs when no new performer triggers are de-
tected. Continuity controls the adjacency of the next se-
lected corpus event relative to the previous output. Quality
sets a similarity threshold that determines whether a cor-
pus match is considered valid for output. Probability con-
ditions each generation with a stochastic triggering likeli-
hood, regulating the density of the output. Assigned to a
MIDI interface, these parameters enable the user to con-
tinuously fine-tune Somax2 behaviour, thereby supporting
improvisations with shifting intensity and evolving mo-
mentum, central to the performance of Minotaur’s Lament.

3.3 DAW Integration

As the final layer of the architecture, we integrate a dig-
ital audio workstation (DAW) as the output engine of the
performance. The vocal signal routed from Max/MSP is
processed in Logic Pro with a flanger effect. This enhances
the voice’s stereo depth, and introduces phase interference,
creating spatial ambiguity and instability that reinforces
the labyrinthine theme of Minotaur’s Lament.

Furthermore, the sonic realisation of the Somax2 output
is fully implemented within Logic Pro. As MIDI corpora
are used for both players (see Section 5.2), we transmit
the live output of each player into Logic Pro via a virtual
MIDI input. Each player thus triggers a virtual synthesiser
within the DAW, thereby constructing the multi-layered
soundscape. A third synthesiser track is controlled by the
aforementioned MIDI keyboard, which functions both as
the influence of player 2, and as an additional instrument
within the sonic texture.

4. CULTURAL BACKGROUND

The performance of Minotaur’s Lament is deeply grounded
in culture. Therefore, the artistic style and aesthetic frame-
work of the improvisation are informed by both Greek
mythological narratives and cultural traditions, as dis-
cussed in this section.
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