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In several of Russolo’s noise-intoners, the speed of vibrations
was changed using a crank that was attached to a spinning disk,
which was in contact with a string. The performer was in
charge of the speed of string’s vibrations by turning the crank,
while controlling the tension of the string by a lever, creating
different tones and timbres. In Rasper, the crank is replaced
with a DC motor, the vibrating material—i.e. the string—with a
small piece of spring steel, the lever with a solenoid, and the
system is automated through microcontroller programming.
The noise is produced when the spring steel makes contact with
the spinning 3D-printed disk that is attached to the DC motor:
as the solenoid pushes out and the sharp tip of the bent spring
steel touches the spinning disk, it vibrates rapidly and generates
a high frequency rasping sound (see Figure 6).
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Figure 6. Noise-generating mechanism in Rasper (left)
contrasted to the one used in a recent model of Russolo’s
Crackler developed by New Music Co—op5 (right).
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4.2 System Overview

Figure 7. System Overview

Figure 7 shows a flowchart of different parts of the system and
demonstrates the process of sound production. A 12V push
solenoid is used to switch the contact between the spring steel
and the spinning disk on and off. Therefore, system’s rhythmic
behavior—simple or sophisticated patterns, pulses, and pauses—

5 See www.newmusiccoop.org/index.php (Retrieved on July
31,2013).
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—is determined by solenoid movements. The amount of force
applied by the solenoid is the main factor in determining the
amplitude of each event, and modulation in the speed of
rotation creates a timbral range and introduces a subtle and
relative sense of variety to the pitch domain. The disk’s
revolutions are actuated by the rotary motion of the motor shaft,
and the LED strip lights up the entire unit once there is an event
(a contact between the spring steel and the disk). The
luminosity of the LED strip corresponds to the loudness of each
event. The solenoid, the motor, and the LED strip are all
controlled via a microcontroller (an Arduino board), driven by
a custom-designed PCB board that functions as an Arduino
shield (see Figure 8). The board is capable of driving up to 16
motors, solenoids, or LED strips once powered up by a 12V DC
power supply. The code is uploaded onto the Arduino board
using Arduino programming. It is possible to interact with the
instrument in two different modes:

1. Client Mode: Flashing the Arduino board to a MIDI
device using Hiduino firmware [21]: Receiving
MIDI messages from software/controller.

2. Autonomous Mode: Uploading serial data onto the
Arduino: Using generative algorithms to create
evolutionary patterns and generative compositions.

Figure 8. Rasper’s driver board

4.3 Evaluation

The primary principle regarding the essence of sound
production in these mechatronic instruments is to avoid a
definite pitch and maintain the richness and noisiness of the
signal. This is demonstrated in the figure below, where FFT
analysis results of three different recordings of the instrument
have been collected. These recordings varied in terms of the
motor’s speed of rotation—i.e. the speed of vibrations—and are
ordered from a slow to a fast speed.
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Figure 9. Average FFT results of the recordings of Rasper
at a slow, a medium, and a fast speed.
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Figure 9 is of course a rough demonstration, extracted from
average FFT analyses of recordings of three different speeds, to
negate the presence of a dominant pitch and verify the noisiness
of the generated sound. Regardless of relatively different
spectral distribution, there does not appear to be any signs of
important peaks, periodicity, or harmonic distribution®.

In a more detailed series of tests, a number of key feature
extractions of the recordings of the instrument were complied
in order to study the frequency domain characteristics of the
instrument. During the recording process, in order to narrow
down the study to frequency related features, the contact force
between the vibrating spring steel and the spinning disk was
kept constant by applying the same amount of power to the
solenoid while changing the speed of the disk’s rotations.
Speed variation was achieved through applying different MIDI
velocities to the motor. MIDI velocities less that 71 did not
create a sufficient force to drive the motor as the solenoid’s
contact was applied. Therefore, 29 recordings of different
rotation speeds were collected by sweeping the MIDI velocities
every two steps from 71 to 127. A small diaphragm cardioid
condenser microphone (Neumann KM 184) was used to
provide the high-frequency response. Considering the relative
unpredictability and noisiness of the instrument, the feature
extraction tests were carried out on average FFT data of one-
second-long recordings, with the following specifications:

¢ Sample Rate: 44100 sample/s
¢ Window Function: Hanning
*  Window Size: 1024 samples

Each MIDI velocity value is therefore calculated as the average
of approximately 43 samples (44100/1024 = 43).

As demonstrated in the Figure 10, the spectral centroid and
spectral roll-off graphs show the center of the mass and the
power distribution of the audio signal in the high frequency
domain. For the speeds extracted from MIDI velocities higher
than 90, these features are limited within a relatively narrow
band of high frequencies (approximately between 11kHz and
13kHz).
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Figure 10. Spectral Roll-Off and Spectral Centroid
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The zero-crossing graph displayed in Figure 11 can deliver a
rough sense of the instrument’s pitch behavior. Again, except
for the lower speeds—where due to the inability of the system

¢ Except for the local maxima in the middle of the slow graph,
which is possibly due to the fact that at slow speeds the noise-
generating unit is relatively quiet and the sound of the motor
buzzing becomes considerable.
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to create high amplitude vibrations, the sound of motor buzzing
becomes considerable itself—the number of zero-crossings is
limited within a relatively narrow band of high frequencies.
Although the audio signal is noisy and this number does not
represent an absolute pitch, the relatively unwavering number
of zero-crossings at higher speeds can be interpreted as a

“subtle sense of pitch” that fluctuates between 11kHz and
13kHz.
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Figure 11. Number of Zero-Crossings

Lastly, the relative stability of the change of the audio signal in
higher speeds can also be extracted from the spectral flux graph
showed in Figure 12. As the speed goes higher, there can be
noticed a threshold where the wavering flux of the signal is
smoothed out. Therefore, for higher speeds, as the speed of the
motor changes, the numeric derivative of the change of the
audio signal becomes relatively consistent, i.e., the change is
linear and somehow predictable.

100 7
90 1

80 1

=

Spectral-Flux

95 99 103 107 111 115 119 123 127

MIDI Velocity
Figure 12. Spectral Flux
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The information extracted from these graphs verifies that:

* Acoustically, the instrument is generating noise rather
than pitches’.

* The generated noise lies in the high frequency audio
domain—especially for higher speeds.

* Depending on the software settings specified by the
user, relatively consistent results could be achieved

7 Hermann Helmholtz argues that the differences between
noises and musical tones are rooted in our aural perception,
stating that musical tones are perceived as periodic, and
noises are perceived as non-periodic motions [22].
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when working with MIDI velocities higher than a
certain threshold.

* Variations in the frequency of vibrations do not
correspond to a significant or meaningful pitch
behavior, but rather to a limited timbral variety.

Considering that Rasper is a new instrument, the information
provided by these kinds of analyses can be helpful for the
users/composers to acquire a better understanding of the
instrument.®

S. DISCUSSION AND FUTURE WORKS

This paper presents a new mechatronic noise-intoner built to
highlight the potential aesthetics of the mechanically produced
noise and make the “extra-musical” accessible. In order to
achieve this objective, an instrument was designed with the
following strategies in mind:

1. Structuring the noise rhythmically
2. Flaunting the noise-production mechanism

The instrument is a “noise” instrument and its pitch domain
behavior is not of great consideration. However, its restricted
variety of frequency range and timbre at higher speeds of
rotation—where the more consistent results are achieved—
might come as a limiting issue in certain compositional
contexts or live-performances. Therefore, with respect to future
works, the plan is to investigate the design and construction of
other iterations of this instrument in which different material
and/or different vibrating mechanisms are used. Combining
these different types of instruments will help broaden the
resulting timbre and frequency domains and enrich the
audiovisual expressivity. Considering the instruments’ inherent
autonomy, it will be feasible to simultaneously engage multiple
instruments in the format of an ensemble with relatively wide
timbral and frequency ranges: a mechatronic noise-ensemble
that can be utilized in both interactive and automatic—i.e.
performance and installation—modes.
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