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Abstract

While music generative models have recently gained significant
attention, how they can be effectively integrated into live mu-
sic performances still requires further exploration. This paper
presents Calliphony, a calligraphy-driven interface for real-
time generative music performance. Specifically, we build a low-
latency pipeline that captures brush motion with an attachable
sensor and maps it to control signals for real-time symbolic music
generation. Using a generative model, the system produces multi-
track MIDI in performance settings, while brush-derived control
signals constrain event timing and activate additional musical
layers. The generated melody is then extended with real-time
harmony and additional voices, and finally rendered through a
DAW for live staging.

Calliphony contributes: (1) a performance-oriented prototype
that uses calligraphic motion as an external control layer for
a real-time symbolic music generation model, controlling note
density, pitch constraints, and accompaniment-layer activation;
and (2) a cross-modal performance scenario that extends callig-
raphy beyond a primarily visual practice into an audiovisual,
Al-assisted setting.
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1 Introduction

Calligraphy is not merely a method of writing, but a long-standing
visual and performative art practice [6, 35]. Many calligraphy
artists think that different elements, such as paper, ink, and
brushes, form an embodied system of expression: subtle dynam-
ics of pressure, speed, pauses, and turns are inseparable from
the final static written form "glyph". This makes calligraphy a
compelling entry point for exploring contemporary multime-
dia performance and interface art [10, 13, 32]. We argue that,
the calligraphy writing shares a very similar "inner connection”
with musical performance, where expressive meaning emerges
through time via rhythm, phrasing, cadence, and silence. So, the
"co-performance” for music and calligraphy emerges intuitively.

In NIME and the related communities, researchers have com-
bined calligraphy with music in many practices. Early work
mapped brushstrokes and writing parameters to musical con-
trol signals, framing calligraphy as a gestural input modality for

“Both authors contributed equally to this research.

This work is licensed under a Creative Commons Attribution 4.0 International
License.

NIME °26, June 23-26, 2026, London, UK

© 2026 Copyright held by the owner/author(s).

Ruiji YU
ruiji.yu@mbzuai.ac.ae
Mohamed Bin Zayed University of
Artificial Intelligence
Abu Dhabi, United Arab Emirates

Gus XIA
gus.xia@mbzuai.ac.ae
Mohamed Bin Zayed University of
Artificial Intelligence
Abu Dhabi, United Arab Emirates

"writing-to-sounding" interactive systems [15, 33]. More recent
projects and discussions have shifted toward treating calligra-
phy as a cross-media practice, focusing on the embodied act of
writing and its role in live artistic performance [3, 16]. Notably,
a growing trend has been to incorporate Al techniques into the
interaction design. However, relatively less work has explored
calligraphic motion as a culturally situated, non-musical gestural
interface for controlling real-time symbolic music generation in
live performance.

Meanwhile, the ability of generative models to represent and
generate musical structure has evolved rapidly with recent model
architectures [1, 5, 8, 11, 21, 22, 28, 37, 40]. Many existing control
paradigms rely on text prompts, audio prompts, or audio-based
conditioning [1, 5, 8], which are typically better suited to offline
generation than to continuous, low-latency control in live perfor-
mance. While some systems have moved toward real-time inter-
action—such as PerformanceRNN [23] and Notochord [30]—there
is still substantial space to explore how such models can be em-
bedded into performance settings with control schemes that are
both effective and artistically novel.

Our work, Calliphony, can be seen as an embodied attempt
to extend interaction with real-time generative music models
through calligraphy-driven control. We attach a removable IMU
sensor to the brush to capture tri-axial angular velocity during
writing, which we map to (1) the per-note inference interval of
the model’s lead-melody stream (thereby modulating note-onset
density) and (2) note-on/off in a chord stream (triggering chord
updates, dropping out when still). The generated MIDI output
is then routed to a DAW to drive multiple instrument tracks,
enabling a richer and more layered sonic result.

Our contributions are: First, we provide a new perspective
on externally controlling real-time symbolic music generation
through embodied motion from another artistic modality. Second,
we introduce a live performance that extends calligraphy beyond
a primarily visual art into a multimodal artistic experience.

We will release the code and a video demo upon publication.

2 Background
2.1 Background of Calligraphy

In Chinese and broader East Asian contexts, calligraphy is com-
monly understood as a form of visual art that uses written char-
acters as its medium [41]. It involves writing with tools such as
a brush and ink—"the art of writing characters with a brush and
ink" [24]—and organizing the structure and strokes of Chinese
characters into aesthetically meaningful "lines and space." This
art form has developed alongside writing practices for thousands
of years and has established relatively stable learning systems
and aesthetic standards, including long-term training in brush
technique, character structure, and overall composition, as well
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as distinct script styles and representative masters. At the cul-
tural level, UNESCO in 2009 inscribed "Chinese calligraphy" on
the Representative List of the Intangible Cultural Heritage of
Humanity [35, and in its decision text emphasized its signi -
cance as a symbol of cultural identity and a practice transmitted
across generations3¢. Therefore, as a long-standing artistic tra-
dition, calligraphy carries important meanings related to social
continuity and cultural identity.

Compared with the cursive or ornamental writing more com-
monly seen in Western traditions, Chinese calligraphy engages
with a comparatively complex logographic writing system: a
single character often contains richer structural layers and spa-
tial organization. In addition, the brush's "variable line width"
property [15 means that variations in speed, force, pressing and
lifting, and turns are directly re ected in the thickness of ink
traces, their dryness or wetness, and an overall sense of rhythm.
At the same time, calligraphy is not only about the nal static
artifact; it also strongly depends on the process of creation. From
the perspective of performance and interaction, the act of writing
itself has powerful dynamic expressiveness: the writer's posture,
the rhythm and continuity of brushwork, and in-the-moment
decisions are all visually engaging, and they are well-suited to
being translated into real-time multimodal experiences.

2.2 Calligraphy in NIME and Al-Driven
Generative Systems

Within the NIME community, calligraphy is often framed as an ex-
pressive, performative interface for music making. Early systems
such as Hé: Calligraphy as a Musical Interface extract computable

Wu et al.

systems, while Al techniques are often used mainly for sensing
and capturing system inputs. However, research that uses calli-
graphic motion as an external gestural control layer for real-time
deep-learning-based symbolic music generation remains rela-
tively rare. In our work, brush motion does not enter the neural
model as an additional input feature; instead, it controls when
the model is queried, how candidate outputs are constrained, and
when additional musical layers are activated.

2.3 Real-Time Music Generative Models

Real-time generative music systems have a long history in inter-
active performance. Earlier systems such as Rowe's interactive
music systems, Lewis's Voyager, and Pachet's Continuator ex-
plored how computational agents could listen, respond, continue,
or improvise with human performers in real timel[7, 25 29.
These works frame generative music not only as o ine compo-
sition, but also as an interactive process shaped by live human
action.

Recent music generative models have expanded this space
through stronger statistical modeling of musical structure. O ine
systems based on VAEs, di usion models, Transformers, and
language-model architectures have shown increasing ability to
generate coherent musical materid, [5, 8, 11, 21, 22 28 37, 4Q.
However, many of these systems rely on text or audio prompts
and are better suited to o ine generation than to continuous,
low-latency control in live performance.

A key real-time setting is expressive symbolic music perfor-
mance, where the system produces MIDI-level events incremen-
tally. MIDI event streams can be modeled similarly to token se-

features from strokes and character shapes (e.g., thickness, length,duences, but they require coordination among multiple musical

position) and map them to MIDI parameters, forming a direct
"writing-to-sound" interaction loop 5. Later work extends this
from static feature mapping to the dynamics of the writing pro-
cess: CalliMusic incorporates timing information (speed, dura-
tion, inter-stroke intervals) to shape rhythmic structure, and uses
a statistical model to organize note sequences into melodd&ks [
More recent pieces further foreground stage presence and bodily
expressivity, treating calligraphic motion itself as performance
material for example, Die Schodnheit der Verganglichkeit inter-
prets nuanced brush behaviors (e.g., speed variation, wet/dry
brush) as key musical cued][ Other research shifts the empha-
sis from system input to collaborative methodology, approaching
calligraphy as a "living practice" and positioning the work as
documentation and re ection of a shared process[16].

In the Al era, explorations of calligraphy have also expanded
into broader generative and interactive systems. Computer vi-
sion and generative modeling have produced substantial work
on stylization and controllable generation for Chinese calligra-
phy particularly within di usion-model frameworks where
researchers attempt to generate calligraphy-like visual results
under conditions such as character-structure constraints, callig-
rapher style, and brushstroke featuretd 20. In NIME perfor-
mance contexts, there are also practices that connect “calligraphic
elements bodily movement Al systems. For instance, Phan-
tom of Utopia translates calligraphic stroke elements into cate-
gories of dancer movement, and uses an Al system to recognize
these gestures to trigger audio and visual events, exemplifying
a cross-media pathway centered on "Al recognition/triggering"
[3].

Existing NIME work demonstrates that calligraphy's expres-
sivity and performative nature make it well-suited for interactive

dimensions, such as pitch, onset, duration, velocity, instrumenta-
tion, and inter-part relationships9, 12 14, 23 27,30 31]. Online
accompaniment systems address one version of this problem by
generating harmonically and temporally plausible responses to
an unfolding melody [2, 36, 39].

For live performance, generative capacity must be balanced
with latency and controllability. Recurrent architectures such as
RNNs, LSTMs, and GRUs remain useful for event-by-event gener-
ation because of their low computational cost, although they are
often limited in long-range musical planning. Transformer-based
systems can model broader musical context, but may introduce
additional latency or interaction-design challenges [14, 39].

Our work builds on Notochord 3( because its event-level
query interface, probabilistic sampling, and multi-instrument
support make it suitable for real-time MIDI performance. Rather
than treating it as an autonomous composer, we use it as a control-
lable symbolic generation engine within a larger performance
system: calligraphic motion externally controls query timing,
candidate constraints, and musical-layer activation.

3 Methods

Our technical implementation can be divided into three compo-
nents: Data Input, Generative Model, and Music Output. These
components are handled in Max, Python, and Ableton Live, re-
spectively, and communicate with each other with OSC Protécol
for local data transmission.

Lhttps://opensoundcontrol.stanford.edu/ les/1997-ICMC-OSC.pdf
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Figure 1: Pipeline of the whole system.

3.1 Data Input

We use the built-in gyroscope of an M5Stéde modular devel-
opment board that integrates a microcontroller, a screen, and
multiple sensors/expansion interfaces) to capture the brush's
rotational motion in space. We chose this brush-mounted gy-
roscope setup because it preserves the existing writing surface,
requires no special paper, and allows the performer to maintain
a relatively natural writing posture. Rotational motion also cap-
tures salient changes in brush direction and stroke rhythm that
are visible in performance. This choice prioritizes portability and
stage robustness, while sacri cing information about pressure,
contact area, ink ow, and brush-tip deformation.

We wrote an Arduino program so that the M5 sends both the
gyroscope data and a trigger signal for each press of button A
to a computer via Wi-Fi. In parallel, we 3D-printed a detachable
mounting slot that allows the M5 to be xed onto the brush and
quickly removed or replaced when needed. In Max, we process
the M5Stack data by accumulating the rotation angles on each
axis and normalizing them, obtaining a scalar speed value that
represents the overall rotational speed in 3D space. The trigger
information from button A is also organized within Max and sent
out.

For data routing, we stream this speed value in real time to the
Python generation layer, where it controls Notochord's query
timing and layer activation. We also send the speed value together
with the button-A trigger signal to the third layer, Ableton Live,
enabling richer and more ne-grained control of the interactive
system.

3.2 Generative Model

The Python layer receives the motion-derived control signals and
uses them to control Notochord's inference process. Our system
uses the publicly available Notochord model with a modi ed
interaction and inference-control layer. Notochord is an autore-
gressive neural network model for MIDI performance developed
by the Intelligent Instruments Lab3(, designed for real-time

2https://m5stack.com/

interactive music generation in human machine collaboration. It
represents each MIDI event as a combination of four modalities:
instrument, pitch, inter-onset interval, and velocity. Instrument
and pitch are treated as discrete variables and mapped to a high-
dimensional space via embedding layers. Inter-onset interval
and velocity are treated as continuous variables and represented
using sinusoidal embeddings. The embeddings of the four modal-
ities are summed and fed into a GRU recurrent neural network
[7], which updates the hidden state event by event to capture
temporal dependencies in the performance sequence. We use
the publicly released Notochord checkpoint. According to the
Notochord release, the model is trained on symbolic MIDI data,
including the Lakh MIDI Dataset [26].

Notochord provides two core inference interfaces. The feed
method inputs an external MIDI event to update the hidden state;
the query method samples the next event from the current hidden
state under user-speci ed constraints (e.g., allowed instrument

Figure 2: Brush with M5Stack.
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