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Figure 1: (a) Tangible pins. (b) Tangible string. (c) Tangible wheel.

ABSTRACT
This work-in-progress paper presents three tangible user interface
prototypes that use sensor technology in combination with mechanical actuators to provide an interactive physical display of sound
and music data for people with visual impairments. The prototypes
can be used either separately or combined as input and output
devices utilizing pin-based, string-based and wheel-based interaction elements. They were developed as part of the research project
Tangible Signals. In the paper, each prototype will be presented
separately, including discussion of concept, interaction modalities,
hardware design and possible use cases.

CCS CONCEPTS
• Human-centered computing → Human computer interaction (HCI); Haptic devices; Interface design prototyping; Accessibility technologies; • Hardware → Haptic devices.
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INTRODUCTION

Computer music as creative playground for composers, artists and
music enthusiasts benefits since years from the development of
tangible user interfaces, that enable new ways of interacting with
music software, e.g. tabletop interfaces like the Reactable [9], haptic
compositional interfaces like the The Daïs [3], or malleable tangible
interfaces like the SculpTon [1].
Over the last few years many new shape-shifting interfaces were
developed, such as the TRANS-DOCK [14], the shapeShift [16], the
KnobSlider [12] the handheld PoCoPo [24], inFORM [5], the Kinéphone [23], the TRANSFORM [8] or the SoundFORMS [4]. Their ability to represent digital information in an actuated physical display
opens up new opportunities for the integration into computer-based
music workflows, which significantly exceed the functionality and
limitations of existing interactive control elements like motorized
faders provided by common mixing control surfaces1 .
Nonetheless only few shape-shifting interfaces provide the ability to physically interact with the display elements themselves, e.g.
to allow both the software but also the user to actuate the pins of
a pin-based display by enabling pulling a pin out of the device or
1 e.g.

Icon Platform M, https://iconproaudio.com/product/platform-m/
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pushing it back in manually. One of the few examples is the pinbased shape-shifting display Inforce [13], which is able to detect
force feedback on the interface elements. Thereby providing an
interactive physical representation, e.g. interacting with the representation itself, could extend the possibilities of actuated tangible
interfaces. This is especially relevant to visually impaired people
(VI), who are excluded from visual feedback embedded in the interface or the use of graphical user interfaces (GUIs) through their
mixed abilities.
In the field of assistive technology previous attempts have been
made to support the use of the computer for VI people, such as the
Haptic Wave [18], the HaptEQ [11], the Moose [6] or approaches like
the Pneu Shape Display [15]. Expanding their interaction modalities
beyond haptic feedback, e.g. allowing both tangible interaction
but also offering an interactive physical display, could improve the
workflow with those interfaces even further.
Existing music technology already offers interaction elements
like buttons, switches and sliders, e.g. in midi controllers. But apart
from motorized sliders in mixing control surfaces the interaction
elements are non-actuated, which limits their potential use scenarios. Motorized faders on the other hand already offer an interactive
physical representation of sound control data, but are limited by
their generalized design, e.g. they cannot perform circulation like a
wheel, they are unsuitable to indicate single steps in a sequence or
a grid and are unable to display continuous physical shapes.
To overcome aforementioned limitations of existing sound control interfaces and their interaction elements and to investigate the
possibilities of physical representation of sound controls including
the interaction with the physical display itself is the main goal of
the research project Tangible Signals [20]. The development of the
prototypes presented in this paper is part of this research project,
which takes place in collaboration with the Institute for the Blind
Vienna2 , following the “nothing about us without us” [2] principle
and the recommendations of Amble Skuse and Shelly Knotts [17].

2

RELATED WORK

The development of the prototypes was inspired by works like
Gupfinger’s SoundShifting [22] or Tomás’ Tangible Scores [19]. In
SoundShifting, Gupfinger presents an interactive but asynchronous
display of sound. Sound waves are cut into foam in realtime, which
over time produces a physical structure based on the amplitude of
the sound waves. SoundShifting is an artistic project and a great way
to materialize and physically display sound, but the resulting shapes
are static and once the sound is cut into the foam no interaction
with the material itself is possible. Tomás’ Tangible Scores are the
exact opposite to SoundShifting, as they start with a physically
prepared surface, that embodies a musical composition, a musical
score. This composition can be played through interacting with
the surface, e.g. tapping or scratching the structure, which releases
the sound, that was previously engraved into the material. But like
SoundShifting, also the Tangible Scores are static physical shapes,
that are not intended to be reconfigured during interaction.
In the field of assistive technology, computer music and tangible
user interfaces (TUIs), interfaces like the aforementioned Haptic
Wave and the HaptEQ are also inspiration to the work presented in
2 https://www.bbi.at/
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this paper. The Haptic Wave is a handle that allows scrolling through
sound files providing haptic feedback related to the amplitude of the
sound file. While this enables an improved workflow for VI people,
more helpful features could be embedded, if the Haptic Wave was an
actuated interface, e.g. the handle could jump immediately to parts
of silence or cue points in the sound file, which would increase its
functionality and provide additional orientation to the user.
The HaptEQ is a haptic equalizer control, based on a camera
tracked metal chain. It can be used to set equalizer parameters
using a physical chain. Even though this is a valuable extension for
a computer-based workflow for VI people, the interface design has
limitations, e.g. the user is not informed when parameter settings
change inside the software. Adding actuated components to it would
allow the user to not only physically manipulate the software’s
equalizer settings, but also to be informed about changed settings,
e.g. after loading equalizer presets or switching to tracks with
different settings.
Other works that influenced the development of the prototypes
presented in this paper are the various pin-based shape-shifting
interfaces already mentioned above, like the SoundFORMS, the inFORM or the Kinéphone, alongside with musical tangible user interfaces like the Reactable or the Tquencer [10].
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DESIGN CONSIDERATIONS

The design process of prototypes capable of interactive physical
representation of sound controls has to start with envisioning scenarios and use cases, that address tasks commonly used by musicians in computer music production, which would benefit from
interactive physical representation. At the same time appropriate
electro-mechanical components need to be considered, that are both
available and suitable. Those components should not only allow
the physical representation, e.g. pin-based display, but should also
permit the manual change of their physical state. Lastly those components should allow to detect their physical states via appropriate
sensor technologies.
Different interaction modalities seemed to be suitable as a starting point towards the interactive physical display, e.g. change the
physical states of the interface through both electro-mechanical
and manual interaction:
• push – buttons, switches, etc.
• slide – slider, fader, etc.
• turn – wheels, rotary objects, etc.
Based on these assumptions and in dialogue with VI musicians
three interfaces were prototyped, each following different interaction modalities and based on different electro-mechanical components, thus offering different operation modes regarding their
software implementation and possible use cases. The three prototypes are Tangible pins, Tangible string and Tangible wheel (see
Fig. 1). The physical shape of the components allows VI people
to read the different states through touching the surface of the
interface and interacting with the different components.
A note on the materials used for the prototypes (as suggested
by Hayes & Hogan [7]): apart from the mechanical components,
e.g. solenoids or motor faders, the prototypes are built using metal
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(Makerbeam) and pressed plywood, which avoids the use of environmentally polluting plastic. An ESP32 development board3 was
chosen as computing core for all prototypes, because it is less expensive than e.g. an Arduino Uno board, offers more computational
capacity and communications features, but still can be programmed
using the Arduino IDE as the development environment.

Figure 2: Tangible pins prototype.
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Also it should be mentioned, that the interfaces are still in development, especially regarding their surface and safety measures.
Before conducting user tests, they will be revised accordingly.

4.2

Tangible pins

The first one of the series of prototypes is the Tangible pins interface
(see Fig. 2) based on eight interactive metal pins in a row. Each pin
can either be set high or low physically. While other use cases are
possible, during the development process the interface is intended
to be used as an 8-step sequencer, that allows to physically display
the configuration of a step sequence and to interact with the representation itself. Active steps are displayed by raising the pins above
the surface of the device while non-active steps are represented by
the pin heads being pulled back into the device. The interaction
with the pins can either be manually by pressing the pins in either
state or via software by using electro-mechanical actuation.
4.2.1 Hardware Design. The prototype uses eight bi-directional
solenoids vertically mounted in one row. The solenoids are free
floating inside the housing. Each solenoid has an aluminium head
on the top. Below the solenoid a push button is mounted (see Fig. 3).
An ESP32 development board is connected to all solenoids and
buttons. To detect a change in a pin state, e.g. by pressing the head
of a pin, a combination of button press and previously stored state
is calculated:
• pin head is LOW: pressing the pin head pushes the whole
solenoid down, which results in a button press. The solenoid
will be set from LOW to HIGH by the micro controller. The
pin will be actuated and the new state will be stored.
• pin head is HIGH: pressing the pin head pushes the pin
head back into the solenoid. While pushing the head back
into the solenoid, the applied pressure triggers a button press.
The micro controller will detect and store the new state.
• load a preset: to load and apply a preset, firstly all pins will
be pulled down to LOW, and secondly the relevant pins will
be actuated and set to HIGH.

Figure 3: tangible pin schematic. (a) aluminium pin head. (b)
bi-directional solenoid. (c) push button.

4 TANGIBLE PROTOTYPES
4.1 Research Context
As mentioned above the interfaces are part of the research project
Tangible Signals and are intended to improve computer-based workflows for VI people working with sound and music. An earlier outcome of the research project is the web-based music environment
WELLE [21], a collaborative, performative and educational music
composition tool for VI people, which is based on textual notation,
is pattern-oriented and focuses on accessibility. The interfaces presented here will be integrated into this platform and will serve as
interactive physical input and output devices for the music and
compositions realized in WELLE.
3 https://www.espressif.com/en/products/devkits

4.2.2 Possible use cases. The interface allows to physically display
and input binary data, e.g. an 8-step sequencer for a drum voice,
where each step can either be active or non-active, as discussed
above. It could also be used to display chords, e.g. representing
eight keys and their note on/off states. When combining multiple
Tangible Pins, the interfaces could be used to display grids of musical,
graphical or other digital content, e.g. similar to an Launchpad 4 ,
offering interactive actuated buttons instead of visual feedback.
The interface could also be combined with one of the other two
interfaces, e.g. to create an interactive circular sequencer (see 4.4.2)

4.3

Tangible string

The Tangible string is an interface that enables to display twodimensional shapes by utilizing an actuated interactive physical
string (see Fig. 4). The display is divided into three segments with
four moving sliders which carry the string. The first and last slider
only moves vertically, while the second and third sliders move
horizontally as well.
4 https://novationmusic.com/de/launch/launchpad-x
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Figure 4: Tangible string prototype.
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Figure 6: Tangible string - tension mechanism of the string
on a carriage, that itself is ball bearing mounted on the metal rails
and can be moved by two vertically positioned motor faders. To
provide the necessary tension to the string, a mechanical tension
mechanism is mounted on the back of the interface (see Fig. 6). It
consists of two metal springs with aluminium extensions running
through an aluminium guide rail. Although this mechanism was
sufficiently functional for the development and testing of the device,
it is a key element for the device and needs to be improved for a
more robust display and interaction.
4.3.2 Possible use cases. The Tangible string can be used to display sound controls like envelopes or parametric equalizer settings.
Apart from musical purposes, it could be used to display and reconfigure geometric shapes or mathematical equations.

Figure 5: Motorized sliders schematic. (a) vertical motorized
faders. (b) two horizontal aligned motorized faders. (c) two
metal rails.
During the development process the Tangible string interface
is used in two ways: firstly as an interactive physical envelope to
visualize the change of a sound over time using attack, decay, sustain and release (ADSR), typically assigned to the sounds amplitude
or pitch. Secondly it is used as an interactive parametric equalizer
display and input device, allowing to move through the frequency
bands and therefore to change the equalizer setting. In both use
cases the focus is on the interactive display, that allows to load
and display presets or settings of different tracks and to physically
manipulate them.
4.3.1 Hardware Design. The interface uses a string pulled through
four movable eyelets. The outer eyelets can be moved vertically,
whereas the two inner eyelets are capable of moving vertically as
well as horizontally. Therefore the prototype uses six motorized
faders mounted on two metal rails and a string including a string
tension mechanism (see Fig. 5). The author considers the number
of sliders and segments to be the minimum in order to demonstrate
its functionality and could be extended in a future version.
An ESP32 development board is connected to all motor faders to
read and set the positions. Four of the motor faders are mounted
vertically and provide the eyelets. In order to reconfigure horizontal
positions as well, the two inner motor faders are each mounted

Figure 7: Tangible wheel prototype.

4.4

Tangible wheel

The Tangible wheel is an interface that offers circulation including
haptic feedback by using an actuated interactive wheel(see Fig. 7).
The Tangible wheel is still in its early development state and needs
to be investigated further to explore its functionality. So far this
prototype is intended to be used for scrolling through a sound file,
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Figure 9: video still: experimental software and prototypes

Figure 8: Motorized wheel schematic. (a) rubber wheel with
(e) embedded vibration motor. (b) rotary shaft. (c) DC motor.
(d) rotary encoder.
through a series of notes or through an entire musical composition
and to enable storing cue points and markers and physical resetting
to these markers. It could also be used to physically display parameter changes over time, e.g. allowing to overwrite them during the
display. The haptic feedback could be used to provide information
about cue points in the composition or amplitude changes within a
sound file.
4.4.1 Hardware Design. The main element of the Tangible wheel
prototype is the rotating rubber wheel. The wheel is fixed on a ball
bearing mounted rotary shaft (see Fig. 8). The rubber wheel can
both be turned manually as well as electro-mechanically using the
DC motor. A rotary encoder tracks the position of the wheel. The
DC motor is able to turn the wheel clockwise and counterclockwise.
All components are connected to an ESP32 development board.
Since both the DC motor and the rotary encoder are connected
to the same rotary shaft using a toothed belt, the ESP32 is able to
decode manual position changes and in turn to set the wheel to a
new position using the DC motor.
4.4.2 Possible use cases. The Tangible wheel could be used as an
interactive sampler player handle or as a tool to navigate through
compositions. It could be combined with one of the other two
interfaces, e.g. if connected to the Tangible pins it could be a part of
circular sequencer design, allowing navigation through a sequence
and display or resetting events indicated by the pin states.

4.5

Experimental software

An experimental software was developed to explore and verify
the basic functionality of the three prototypes. This software only
serves for testing purposes and will not be presented to any users.
In the future the interfaces will be implemented into the web-based
music environment WELLE, that uses an accessible and textual
interface to access and assign the different interfaces.

So far two of the prototypes were tested using the experimental
software: the Tangible pins and the Tangible string. The third prototype Tangible wheel still needs to be implemented. The software
provides four tracks of synthesized and sample based sounds, each
track containing an 8-step sequence and an envelope. The audio
signals are routed through a master equalizer. Each track provides a
checkbox that allows to activate the track, its pattern and envelope.
In the test software the Tangible pins displays the 8-step sequence
of the chosen instrument, whereas the Tangible string is used to
display the according envelope, as well as the master equalizer if
activated. The integration of the interfaces into the experimental
software, their behavior and interaction is documented in a short
video5 (see Fig. 9). Regarding the resolution and latency of the interfaces, performance measurements and latency tests still have to
be done.

5

DISCUSSION

Since the development of the interfaces is still work-in-progress,
no user tests have been conducted yet, but the prototypes where
explored and discussed during a series of informal meetings and
conversations with VI people. During the meetings the group expressed their difficulties using common midi and sound control
interfaces to create music, e.g. step-sequencer that only offer visual feedback, or encoders that prevent orientation to VI people by
design, e.g. no start or end points. In this regard they appreciated
the intentions and functionality of the interfaces including their
interactive physical display and were convinced that they could
contribute to computer-based workflows for sound and music for
VI people. Furthermore applied use cases were discussed, e.g. using
the Tangible pins as a sequencer for a eurorack modular synthesizer, or creating a DJ console for VI people, using a combination
of the Tangible wheel and the Tangible pins. In fact the Tangible
pins and the Tangible string interfaces were already connected to a
eurorack modular synthesizer and used on stage for multiple live
performances by a sighted musician.

6

FUTURE WORK

As a next step, the Tangible wheel prototype will be implemented
into the experimental software to verify its basic functionality. All
5 Tangible Signals - prototypes & experimental software, https://youtu.be/gsg6mlVriZQ
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prototypes will then be implemented into the web-based music
environment WELLE, followed by user tests both with sighted
people as well as with VI people.
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