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Abstract

Tactus is an installation that provides a visitor with auditory and vibrotactile stimuli. It is realized using music-tovibrotactile sensory substitution techniques involving pitch
shifting and lowpass filtering. Tactus is proposed for presentation at the arts reception at the TEI conference. The
vibrotactile stimuli are presented to the visitor’s fingertips
using a Spatially Distributed Vibrotactile Actuator Array
(SDVAA).
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Introduction to Research Aspect
Vibrotactile Feedback for Music
A number of projects have previously considered ways in
which vibrotactile feedback can be relevant for music experiences. For example, in the early 2000s, Gunter and
O’Modhrain suggested some ways to apply sound design
techniques in the domain of vibrotactile signal synthesis.
They called this tactile composition, and it was aimed to-

ward audience members who were wearing full-body suits
with integrated vibrotactile actuators [5].
A series of vibrotactile chairs have also been designed for
music applications. Both the Model Human Cochlea [6]
and the Haptic Chair [9] had eight actuators or fewer. The
Sense chair incorporated more actuators, but most of these
were low-fidelity ultrasonic actuators, which do not work
well at low frequencies where human perception is most
precise [7]. The Auris chair incorporated a slightly larger
number of actuators, but the actuators placed at the wrist
were low-fidelity eccentric rotating mass (ERM) motors [2].
Vibrotactile signal processing has also been applied to the
design of vibrotactile digital musical instruments, such as
investigated by Birnbaum for a flute-like digital instrument
[3].

Figure 1: The fingertips are able to perceive a lot of bits of
information compared to many other parts of the human body,
which is why the present interface is focusing on providing
vibrotactile feedback to the fingertips.

Emphasis on the Hands
The authors are interested in haptic feedback for the hands.
One reason for this is that the hands are particularly sensitive to the perception of tactile stimuli. The fingertips in
particular have a low threshold for vibrotactile perception
[8]. Figure 1 illustrates this aspect using circles of various
sizes to metaphorically represent bits of information, while
emphasizing that the fingers and fingertips are particularly
sensitive.

fingers and thumb in a relaxed state. The remainder of the
SDVAA includes ten channels of DA conversion via USB
audio interface and amplification, all housed in a single enclosure. As a standalone unit, the ten-channel design of the
SDVAA can be driven with unique signals designed specifically for vibrotactile sensation, constructed in conjunction
with music composition but processed and delivered separately from audio content, as discussed further below.

Overview of Our Present Work
We are presently focusing on delivering vibrotactile feedback to the fingertips. This is achieved using a Spatially
Distributed Vibrotactile Actuator Array (SDVAA). The top
plate of the SDVAA is shown in Figure 2, which hosts ten
vibrotactile transducers. Each one is separately controllable
at the audio sampling rate, which enables the system to operate with high fidelity. The configuration of the transducers
is arranged to correspond with the curve and spacing of the

Music-to-Vibrotactile Augmentation
Whereas some prior projects in this area have considered
this kind of work from the perspective of sensory substitution, we are more focused on sensory augmentation. In
other words, in conjunction with a music listening experience, we want to provide audience members with an added
experience of vibrotactile stimulation. We do not want to
take anything away from the music experience, we only
want to add to it.

Figure 2: The top plate of a Spatially Distributed Vibrotactile
Actuator Array (SDVAA), designed for actuating the human
fingertips.

Tactus
Made with a Digital Audio Workstation
Tactus, by Austin Franklin, is an installation that is made
using a Digital Audio Workstation (DAW). It was realized as
follows: First, an aggregate device was created combining
the audio interface from the SDVAA with the headphone
output of a laptop. Then, music was composed through
arrangement of sound clips in the DAW. The music tracks
were routed to the laptop headphone output for playback.
Concurrently, the vibrotactile presentation was designed by
duplicating audio clips in parallel on additional tracks, which
were routed to the SDVAA.
Signal Processing
Signal processing was applied to the vibrotactile signals
in order to enhance the tactile sensation. Audio clips were
pitch-shifted downward by one or more octaves in order
to better match the frequency response of the clips to the
vibrotactile senses. For example, while the human range
of hearing spans 20Hz-20,000Hz [4], tactile perception

Figure 3: “Vibrotactile” lowpass filter removing energy at
frequencies that tended to lie above the range of human tactile
perception.

functions predominantly in the range from 0Hz to as high
as 800Hz [3], with particular fingertip sensitivity beneath
250Hz [8]. It was decided to shift by an integer number of
octaves (rather than semitones in addition to octaves) due
to the apparent ability of humans to crossmodally perceive
notes across octaves [1]. Additionally, octave shifting places
a majority of acoustic energy, including fundamental frequencies and lower overtones of most instrument ranges, in
a frequency range best suited for fingertips.
In most cases, a lowpass filter was also applied to each vibrotactile clip. For instance, the lowpass filter characteristic
shown in Figure 3 tended to remove vibrations at frequencies above the tactile threshold of perception. Different lowpass filters were applied to other clips in order to organize
the stimuli as desired.
Composition
The title of the work is in reference to both the takt (e.g. underlying musical pulse [10]) and the tactile sensory system. Rhythm lies at the intersection between these two
faculties, and thus it is used as a main structural element.

The source materials were gathered from digital waveguide
strings in Pd. This patch produced quasi-granular textures,
that when time-stretched in a DAW, yielded unexpected and
surprising sounds.
Tactus is organized into three distinct sections, each exploring a different approach to composition for this crossmodal situation. In the first section (A), all of the fingers
on each hand are paired with a single audio track (two total). This establishes a simple yet effective introductory
level of communication between the tactile and aural faculties, and enables the listener to calibrate the sound source
with its relative position on the SDVAA. The second section (B) juxtaposes timbre, and begins to isolate individual
fingers from the whole. In this section, panning specific audio tracks within close proximity to their tactile location is
used to achieve a greater expansion or contraction of sound

space. The final section (C) uses layering to create mass.
By pairing each finger with its own individual audio track all
at once, haptic stimulation is pushed to its upper limits.
The final layout of the clips used to create the composition is shown in Figure 4, which shows how most clips are
shown twice in the track view. Once for creating the audio
mix, and one for creating the vibrotactile signal mix. The audio recording can be found online at https://drive.google.com/
open?id=18l-SjIQCaRF5eldPlFY6ZkD4V_smqlFn

Conclusions

The SDVAA was previously presented at an event at the
LSU Digital Media Center on Oct. 1, 2018. That event enabled people to feel the vibrations of music stored on the
Internet. The authors are excited to now be able to present
Tactus, which has been created specifically for the SDVAA.

Figure 4: Track view of the DAW used to create Tactus, by Austin Franklin.
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