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Abstract. This paper presents a software/hardware solution designed
to facilitate music performance that is responsive to the various abilities
and contexts of users, thus narrowing the gap between disability and
technological access to sonic expression. We examine how the MIDI 2.0
protocol, particularly its profile configuration and property exchange ca-
pabilities, can be leveraged to create adaptive musical interfaces that dy-
namically respond to the spatial and situated conditions of performance.
In this approach, the configuration of digital instruments becomes sensi-
tive not only to individual users’ motor or cognitive abilities but also to
the specific environments and cultural practices in which music-making
occurs. We describe the development of the Inclusive MIDI Controller,
a digital musical instrument designed to foster inclusive sonic practices
and to expand the spatial and experiential possibilities of music perfor-
mance for a wider range of practitioners. Finally, we detail the design
and implementation of a MIDI 2.0 Device Manager developed using the
Core MIDI workbench and the JUCE framework. This system was eval-
uated in conjunction with the ProtoZOA board, an open-source, flexible
prototyping platform for MIDI 2.0, demonstrating its capacity to auto-
matically configure instruments and interfaces.

Keywords: MIDI 2.0 - Controller - Inclusivity - Accessibility - Accessible
Devices - Inclusion.

1 Introduction

Music is a universal form of expression that fosters communication, creativity,
and emotional connection across varied cultural spaces and social environments.
However, conventional modes of musical interaction typically presume a standard
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level of physical, cognitive, or sensory capability, which can marginalize individ-
uals with disabilities or those without access to traditional instruments. These
limitations underscore the importance of developing innovative approaches that
support inclusive and context-aware musical practices, enabling participation in
diverse sonic settings and situated performance spaces.

The field of inclusive design in music technology has undergone significant
advancements in recent years. Scholars and practitioners have explored the devel-
opment of systems that democratize music making, focusing on accessibility and
usability [23,9]. Such efforts often involve the integration of assistive technolo-
gies, multimodal interfaces, and adaptive software to lower barriers and ensure
the participation of individuals with diverse abilities.

A promising approach is the creation of hardware/software ecosystems that
simplify musical control through intuitive interaction paradigms. Bridging the
gap between human intention and machine execution, empower musicians to
push the boundaries of sonic exploration and unlock new avenues of creative
expression, also for impaired users. By abstracting technical complexity and
focusing on user-centered design, these systems open new possibilities for music
education, performance, and rehabilitation [13].

The MIDI protocol has been extensively used in inclusive music applica-
tions, but primarily as a communication standard that enables interoperability
between hardware and software devices. Indeed, MIDI is only used as a trans-
port layer: it facilitates message exchange between standard devices capable of
MIDI communication, but it does not directly contribute to the inclusivity of the
system itself. The recent release of MIDI 2.0 specifications introduced numerous
advancements, especially in the context of inclusive music applications. MIDI 2.0
builds on the foundation of its predecessor by introducing a more sophisticated
protocol that enhances interoperability, precision, and ease of use. While the
full range of benefits will be clarified in subsequent sections, two key features
stand out as particularly advantageous for inclusive applications: profiles and
auto-configuration.

The design and implementation of the Inclusive MIDI Controller [8] fits
within this framework. This software application addresses young people and
adults with physical and cognitive disabilities. The proposed system leverages
simple controls to facilitate rich musical interaction, drawing inspiration from
human-computer interaction (HCI) principles and inclusive design methodolo-
gies. A detailed discussion of the prototype is presented in [§].

The paper presents a specific component of the overall architecture, namely
the MIDI 2.0 Device Manager (M2DM). The M2DM is programmed in C++
and its implementation leverages the Core MIDI workbench and the JUCE
framework to interface with the ProtoZOA by AmeNote, a prototyping board
for the developer to experiment with MIDI 2.0. Our analysis will be conducted
from both a theoretical and a practical perspective. The new MIDI 2.0 protocol
is examined to highlight its innovations and strengths, followed by a description
of the project and its implementation. The code of the device manager developed
in this context is publicly available on GitHub.
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The remainder of the paper is structured as follows: Sec. 2 presents an anal-
ysis of the pertaining scientific literature; Sec. 3 proposes the use of MIDI 2.0 in
inclusive scenarios; Sec. 4 introduces the Inclusive MIDI Controller; Sec. 5 pro-
vides details on the MIDI 2.0 Device Manager and describes the tests performed
to verify the correct functioning of the devices and applications; finally, Sec. 6
presents the conclusions and outlines potential future developments.

2 State of the Art

Inclusive music technologies aim to enable individuals of all abilities to partic-
ipate in music-making by overcoming physical, cognitive, or sensory barriers.
Traditional instruments often assume normative motor and sensory functions,
making them inaccessible for many. This challenge has led to the emergence of
Accessible Digital Musical Instruments (ADMIs), custom-designed systems that
leverage adaptive hardware and multimodal interfaces to broaden participation
in musical expression [9, 16].

Research in ADMIs includes a diverse range of interaction paradigms: gaze-
based instruments such as EyeHarp [24], gesture-based systems using Leap Mo-
tion or inertial sensors [2,5,11], and touchless controllers that utilize proximity
sensing or computer vision [10]. Gaze-controlled systems have shown particular
promise for users with limited motor ability, enabling control over pitch, timing,
and dynamics through eye movements [7, 6, 20]. Gesture-based systems similarly
offer expressive input while removing the need for precise contact or fine motor
control.

Beyond input modalities, the field has embraced user-centered and partic-
ipatory design approaches, recognizing that accessibility must be tailored and
co-developed with end users [3, 12]. These approaches ensure that musical tools
are not only technically accessible but also creatively empowering and socially
meaningful.

MIDI (Musical Instrument Digital Interface) has historically played a critical
role in inclusive music-making. Its original specification, MIDI 1.0, established
in 1983, provided a standardized protocol for musical communication across de-
vices [14, 18]. This allowed alternative controllers, such as sip-and-puff devices,
custom button grids, or eye trackers, to interface with commercial DAWs and
sound modules [15,21,22]. However, MIDI 1.0 exhibited well-documented limi-
tations, including low resolution (7-bit CC messages), unidirectional communi-
cation, and the need for manual mapping, all of which pose significant barriers
to users with impairments [19, 25].

As already mentioned in Sect. 1, the release of MIDI 2.0 in 2020 marked
a transformative shift. The new protocol retains backward compatibility but
introduces critical enhancements, including 32-bit parameter resolution, bidi-
rectional communication, profile configuration, and property exchange via the
MIDI-CI (Capability Inquiry) mechanism [17]. These innovations support auto-
configuration, allowing devices to announce their capabilities and dynamically
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adapt to host software, a crucial feature for assistive setups, where manual con-
figuration may be impractical.

Recent literature has begun to explore MIDI 2.0’s implications for inclu-
sivity. For instance, MASSIG (Music Accessibility Standard Special Interest
Group), coordinated by the MIDI Association, brings together stakeholders from
industry and disability advocacy to ensure that MIDI 2.0 remains accessibility-
conscious [4]. Projects such as Sound Without Sight® have further emphasized
the need for adaptive interfaces that support blind and partially sighted musi-
cians. Despite its promise, real-world implementations of MIDI 2.0 in accessible
instruments remain limited. Some commercial DAWs have begun to experiment
with auto-configuration features, but very few systems actively integrate MIDI
2.0 property exchange for the purpose of inclusive interaction [15]. Some recent
research efforts have begun to bridge this gap by demonstrating real-time adap-
tation to individual user needs, but they often remain experimental or hardware-
specific [5, 4].

Our work addresses this gap by presenting a MIDI 2.0-enabled ecosystem
comprising a flexible hardware controller and a device manager that applies auto-
configuration and dynamic property exchange to inclusive music performance.
By supporting real-time adaptation, automatic mapping, and intuitive control
for users with diverse abilities, this system contributes a concrete and scalable
example to the state of the art in accessible digital music systems.

3 MIDI 2.0 for Inclusive Music Interaction

The most straightforward use of property exchange and profiles for accessibility
is the automatic adaptation of user interfaces, a new feature of MIDI 2.0. The
official specifications describe a minimal implementation with a computer run-
ning a DAW and a MIDI-compatible pedal [17] that, after being connected to
the system, is automatically detected and impacts the graphical user interface
of the DAW. This example can be adapted to an inclusive scenario, where MIDI
applications and devices query each other to find out what inclusive parameters
are supported and configurable [4].

When a musician connects an accessible MIDI controller (e.g., a single-button
device, a specific set of buttons, a breath controller, or an eye tracker), the soft-
ware automatically recognizes its features and adjusts accordingly. This function
removes the barrier of having to set up MIDI mappings manually, which can be
challenging for users with motor or cognitive impairments. If a musician uses a
simplified input device, the DAW can provide an alternative interface, e.g., with
larger buttons, visual cues, or spoken feedback. For blind musicians, the DAW
might activate screen reader support or haptic feedback based on the detected
controller. The cognitive load can be further reduced by suggesting mappings
based on common accessibility presets.

The following case illustrates the exchange of MIDI-CI messages between
a computer running a DAW, playing the role of transaction initiator, and an

3 https://soundwithoutsight.org/
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accessible controller with a 2-axis joystick and a push button, with the role
of transaction responder. Provided that both devices are capable of MIDI 2.0
communication, the following exchange of messages occurs:

1. A complete MIDI-CI Discovery Transaction, in order to exchange key infor-
mation between the DAW and the controller (e.g., their MIDI Universal ID
(MUIDs));

2. A Property Exchange Capabilities inquiry sent by the software to request
details of Property Exchange Support from the controller;

3. A Reply to Property FExchange Capabilities message returned by the con-
troller;

4. A Get Property Data inquiry sent by the software to request the resource
list from the controller;

5. A Reply to Get Property Data return message by the controller containing
the available resources, i.e., information on the device and the list of all its
components, namely two axes and a button;

6. A new Get Property Data inquiry sent by the software to obtain some general
information about the controller, such as the manufacturer id and name, the
family id and name, the model id and name, and the version id and name;

7. A Reply to Get Property Data return message carrying the required device
information

8. Another Get Property Data inquiry sent by the software focusing on the list
of controls in the controller;

9. A Reply to Get Property Data return message describing single controls (i.e.,
X azis, Y awxis, and Button) and their current values.

MIDI-CI implements the subscribe function, a mechanism of communication
between devices that enables them to dynamically discover and negotiate their
capabilities. In the scenario described above, the DAW can subscribe to the spe-
cific parameters of the controller and receive updates when they change. In this
way, the DAW can read these parameters and their ranges, either representing
them on the screen or by speech synthesis. The latter behavior, for instance,
makes parameter values accessible to people with visual impairments.

Profile Exchange can also facilitate customized interaction models, such as
a single button triggering chords or arpeggios instead of single notes, a joystick
translating movement into pitch bend or volume control, or a pressure-sensitive
switch enabling expressive dynamics for musicians with limited dexterity.

Considering a system with multiple controllers, musicians who use many
adaptive devices simultaneously (e.g., foot pedals and sip-and-puff tools) can
benefit from Profile Exchange, ensuring that all devices work together seamlessly.
The software can even suggest layered control strategies, such as using one device
for note input and another for modulation.

4 Inclusive MIDI Controller

The already mentioned Inclusive MIDI Controller [8] is a versatile software
application developed to provide accessible MIDI control across multiple plat-
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Fig. 1. The main interface of the Inclusive MIDI Controller.

forms. The concept originated from Manuele Maestri, founder of the musical
project Musica Senza Confini,* during his work on inclusive ensemble music
performance. In seeking solutions for a musician with highly limited mobil-
ity—restricted to finger, toe, and eye movements, Maestri devised a tailored
setup using the Logic Pro DAW, the Max environment, and manual configura-
tion of each track to support non-conventional interaction.

This configuration enabled the user to perform live within ensembles along-
side musicians and singers. The system leveraged an eye tracker for selecting
colored buttons displayed on screen and micromuscular sensors to trigger MIDI
events. These events included notes, chords, short sequences, or other sounds.

The next phase aimed to evolve this bespoke solution into a customizable,
user-adaptive software offering a range of playable pieces. This marked the begin-
ning of the Inclusive MIDI Controller project. The system’s architecture includes
the main software that runs on a central computer, receives input from various
control devices, and sends MIDI messages to a separate system running a DAW.
A multitrack project loaded into the DAW allows different tracks to be controlled
by different input devices, enabling collaborative musical performance.

The software is developed in C++ using the JUCE framework and is com-
patible with both macOS and Windows. It features a standalone user interface
that provides two configurations, one that can be used with the eye tracker and
also includes a rest zone to allow the gaze to be able to fixate on an area that
cannot be activated, and another one that involves the use via a touch device.
Both these interfaces provide configurable colored pads, ranging from 2 to 12
per screen, that can be activated through standard or assistive input devices,
enhancing accessibility for diverse user needs.

4 https://www.musicasenzaconfini.com/
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Through the Settings menu, each colored pad can be configured with the
following parameters:

— The associated event: MIDI Note, MIDI Control Change, Chord, MIDI Se-
quence, or page navigation;

— Trigger behavior: Trigger (sound activated on mouse hover), Hold (sound
activated on hover, deactivated when the cursor leaves), Latch (sound toggled
on hover, deactivated on the next hover);

— the MIDI channel,;

— the MIDI note;

— the velocity and release-velocity values;

— the delay in milliseconds for Note-On and Note-Off messages;

— the pad color;

— Two primary keyboard shortcuts;

— An additional shortcut for repeating the last triggered note—especially use-
ful for eye-tracker users.

The Aux Pads menu offers additional configurable pads, visually identical to
the main ones but accessible only via keyboard shortcuts and not displayed on
the main interface. Users can save, load, reset, and create new configurations.
Once activated, these pads generate MIDI messages sent to connected MIDI-
compatible devices (e.g., DAWs or synthesizers). The activation method depends
on the user’s hardware or assistive tools (Human Interface Devices, HIDs). A
core strength of Inclusive MIDI Controller is its deep MIDI integration. As MIDI
is a universal communication protocol, messages from the software can be routed
to DAWs, plugin hosts, music software, or external MIDI hardware—allowing for
flexible and compatible workflows.

MIDI connectivity is handled differently across platforms:

— On macOS, the software utilizes CoreMIDI’s virtual ports for direct com-
munication with MIDI-enabled software and hardware;

— On Windows, third-party virtual MIDI drivers such as LoopBe or LoopMIDI
may be required to establish connectivity.

Thanks to its cross-platform support, accessible interface, and robust MIDI
capabilities, Inclusive MIDI Controller empowers users to creatively trigger sam-
ples, play virtual instruments, or manipulate sound effects with enhanced flexi-
bility and control.

5 MIDI 2.0 Device Manager (M2DM)

In this section, we focus on the implementation of MIDI 2.0 Device Manager
(M2DM), capable of connecting different MIDI devices and elaborating incoming
and outgoing data. The code is made publicly available on GitHub.?

® https://github.com /LIMUNIMI/MIDI2DevManager
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In order to develop the M2DM, we need a set of functions to manage the
MIDI ecosystem. In a typical scenario, the applications themselves take care
of managing the configuration of MIDI devices autonomously, as it happens in
JUCE® and AudioKitEX2.” At present, JUCE, the framework used to develop
the M2DM, does not offer classes for cross-platform support of MIDI 2.0 nor
does it support communication through Universal MIDI Packet (UMP). Official
Windows MIDI 2.0 drivers had not yet been released at the time of development;
“beta” versions were first released in June 2023. Consequently, it was necessary
to develop an ad hoc library for the Apple ecosystem through the Core MIDI
framework.®

The basic principles behind a device manager are:

Creation of a virtual MIDI client;

— Creation and arrangement of MIDI IN/OUT ports associated with a virtual
client;

— Identification of connected compatible MIDI devices and their ports;

— Connection and disconnection between the device’s port and the correspond-

ing virtual port.

The device used for the M2DM configuration is ProtoZOA (see Fig. 2), which
consists of two Raspberry Pi Pico microprocessors, 641 touch buttons, two po-
tentiometers, a rotary encoder, two MIDI 1.0 IN/OUT ports, one display ex-
pansion port, an expansion port to connect the board via expansion cards such
as Bluetooth or Ethernet, several configurable jumpers, and a port for external
power supply.

The Raspberry units play two different roles: the unit called “UUT” processes
MIDI 1.0 and 2.0 messages in both input and output, converts MIDI 1.0 messages
into MIDI 2.0 and vice versa, and is responsible for the conversion between UMP
messages and Bluetooth and IP protocols. Conversely, the unit called “MAIN”
performs managing and debugging functions.

To implement the M2DM, we choose to mimic the one provided by JUCE,
consisting of a list containing active MIDI devices, with the ability to select
each of them. The JUCE framework library used to recreate the device list
provides several methods to create and modify a table. A callback function has
to be implemented to put the Device Manager (GUI) in communication with
the MIDI2 library methods in the AudioProcessor.

In order to integrate the M2DM, it is necessary to set up the Inclusive MIDI
Controller [8].° The first step is to update the GUI, introducing a page dedicated
exclusively to the M2DM (see Fig. 3), visible through a button located in the
header. The second step is to add functionalities to allow the user to map or
remove the MIDI 2.0 parameters associated with the pad (these are represented
by the two buttons, “Learn MIDI2” and “Unlearn MIDI2”) After updating the

5 https://juce.com

" https:/ /www.audiokit.io

8 https://developer.apple.com/documentation /coreMIDI

9 The code we shared in this paper, does not include this part.
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Fig. 2. ProtoZOA board component specifications.

GUI, the pre-existing data structures were updated to allow parameters related
to the MIDI data to be saved.

When a MIDI 2.0 message is received, if the “Learn MIDI2” button is active,
the parameters of the message are parsed and are saved in the data structure
related to the selected pad; otherwise, the parameters of the received message are
compared with those saved in the memory of the current pads: if they match, the
event associated with the parsed pad is invoked; if they do not match, no event
is triggered. A schematic example of the proposed system is shown in Figure 4.

Various functional tests were conducted on the implemented device manager.
By keeping the “UMP” board connected and opening the M2DM, the list of
active MIDI devices is displayed. Any active device in the list can be connected
and disconnected by selecting/deselecting it through the GUI (see Fig. 3). By
running these tests, it was noted that Core MIDI automatically encapsulates all
MIDI messages of type 1.0 into type 2.0 (UMP Message Type 2, line 1 in the
code example above). Consequently, at the present time, it cannot be ensured
that the connected device is MIDI 2.0 only.

One further test was performed is to verify the proper operation of the M2DM
within the Inclusive MIDI Controller. This test consists of connecting the Pro-
toZOA board to the application via the M2DM, mapping MIDI messages with
their events to be triggered (e.g., Note on, Note off, Chord, CC, ...) and ver-
ifying their correct reception/transmission via a MIDI monitoring application
such as the Web MIDI Monitor [1].*° Next, a pad of the Inclusive MIDI Con-

10 https://midimonitor.lim.di.unimi.it/
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Fig. 4. Scheme of the described system.

troller is selected and the MIDI 2.0 message is mapped by activating a specific
“Learn MIDI2” functionality available in the application, and sending the MIDI
2.0 message from the physical controller. After this mapping phase, the MIDI
2.0 controller can be manipulated through the mapped buttons, potentiometers,

and rotary encoders. The triggered events are correctly visualized within the
Web MIDI Monitor.
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6 Conclusion

This paper has presented a prototype MIDI 2.0 controller designed to facilitate
inclusive music interaction. By leveraging key features of MIDI 2.0, such as profile
configuration and property exchange, the proposed system enables automatic
adaptation to individual user needs, making music technology more accessible
to individuals with disabilities.

As discussed in Section 3, the potential of MIDI 2.0 for inclusive music focuses
mainly on three aspects. Auto-configuration simplifies the creation of a MIDI
setup from both a physical and cognitive perspective. Software interfaces adapt
to the devices in the system, introducing custom visualizations that depend on
both the type of device and the form of impairment. The values generated by
controls and their ranges can be represented in an accessible manner.

The implementation of the MIDI 2.0 Device Manager (M2DM ) demonstrates
how contemporary MIDI ecosystems can enhance usability and interoperability.
Through the integration of the ProtoZOA board and the JUCE framework, the
proposed solution successfully allows for automatic device discovery, parameter
mapping, and adaptive user interfaces. The testing phase confirmed the effective-
ness of the system, showing that MIDI 2.0 messages were correctly interpreted
and managed within an accessible performance environment.

Future work will focus on expanding the range of supported input devices, re-
fining real-time adaptation mechanisms, and conducting user studies to evaluate
the practical impact of the system on diverse user groups. Additionally, further
integration with assistive technologies such as speech synthesis, haptic feedback,
and eye-tracking will be explored to enhance accessibility and inclusivity.

By bridging the gap between technological advancements and inclusive music-
making, this work contributes to the growing field of accessible digital musical
instruments, opening new possibilities for musicians of all abilities.
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