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Abstract— This paper introduces the Celloboard, a new musi-
cal instrument prototype, designed with the goal of successfully
coupling the physical input energy of a performer and the per-
ceived musical energy output. The controller is used to “excite”
and modify sound from software implementing scanned synthesis.
The prototype conception, construction, mapping strategies, and
synthesis method are discussed, and possible future developments
are explored.

I. I NTRODUCTION

Although many new electronic music instruments have been
invented and built over the years, few of them have achieved
even modest international fame (the Theremin and the the
Ondes Martenot being early exceptions). While it is undeniable
that advances in technology have allowed instrument builders
to create interfaces and sounds that could not be produced
by purely acoustic instruments, new instrument designs are
often considered to be less “expressive” than their traditional
counterparts. Audiences sometimes complain that they cannot
determine how the performers’ actions correspond with the
sounds that they hear [1], and performers themselves may find
it frustrating performing with certain controllers that minimize
physical contact, since as the body is freed from physical
restraint, an important mode of feedback is diminished or even
eliminated. Buxton. [2] considered even passive tactile and
kinesthetic feedback provided by an interface (its “feel”) to be
extremely important to its effectiveness and possible success.

In order for an expressive performance interface to be
successful it must be much more than ergonomic: unlike many
computer interfaces it must also require physical effort if
it is to be artistically satisfying [3]. A traditional acoustic
instrument typically requires constant energy input from the
performer to continue making sound, the church-organ being
one of the few exceptions. While electronic instruments may
offer a performer the benefits of less energy expenditure,
they also lack the intrinsic musical response to a performer
possessed by acoustic instruments. A major benefit of digital
instruments, however, is their extreme flexibility: an instru-
ment designed to mimic the responses of acoustic systems,
and making use of “excitation gestures” [4] and appropriate
mapping [5] [6] may very well be as expressive as a traditional
acoustic instrument.

The design of the Celloboard was intended to address two
weaknesses holding back new electronic instruments from au-

dience and performer acceptance: firstly, that many electronic
instruments lack the sense of physicality possessed by acoustic
instruments, and secondly, that the coupling between the
performer’s energy input into the musical instrument system
and the sonic output is often weak or inapparent to a performer
or an audience.

II. I NSTRUMENT METAPHORS

Another important aspect of new musical instrument design
is the use of existing metaphors for performer-system interac-
tion. These metaphors do not need to be specifically musical
[7] but in the case of an ”excitation” based instrument several
possibilities immediately suggest themselves. Interfaces based
on the washboard [8], and Tibetan singing bowls [9] [10],
have been proposed and built, and attempts to harness string-
instrument bowing gestures are numerous [11] (and others).
It is likely that the adaptation of an established performance
metaphor could benefit an instrument design in several ways:
by helping a new performer to approach playing the controller
as they would an acoustic instrument, to encourage amateur
experimentation, and to aid audiences in perceiving the links
between specific gestures and the sounds produced.

For the Celloboard, it was proposed to implement a system
using bowing or scraping gestures, using a manipulable object
with the essential function, if not the appearance, of a bow. A
second mode of interaction was later developed, to investigate
the possibilities of using shaking gestures to control parame-
ters of the synthesis developed for bowing.

III. D ESIGN GOALS

The design goals of for the Celloboard prototype were thus
dictated by the need for a strong physical component, that
would force a prospective performer to expend significant
physical energy in order to produce significant sound. A
project proposal was developed, outlining the desired char-
acteristics of the instrument:

• The instrument must possess a method for ”exciting”
sound rather than simply pressing keys or buttons.

• The performer must be able to dynamically control timbre
in real time.

• Pitch control must offer discrete and repeatable pitch
choice and expressive range.



• The instrument should be solid, and have sufficient
weight and resistance that that playing gestures must be
(and will be perceived as) deliberate and planned.

• An observer or audience should be able to clearly link
performance gestures with the resulting sounds.

• The performer must interact physically with the instru-
ment in order to produce sound.

• Interacting with the instrument should require both hands.
• The instrument should be portable, visible (not virtual)

and physically supported by the performer.

Of these desired characteristics, all were eventually imple-
mented except for the instrument being physically supported
by the performer. It was decided that for the prototype a sim-
pler and more ergonomic solution was to attach the interface
to a heavy adjustable tripod stand.

A. Early Trials

Early trials using piezoelectric film (MSI part 0-1005447-
1) [12] to sense the vibration of a variety of objects were
mainly successful, producing broad frequency-range signal on
an oscilloscope, corresponding clearly with acoustic vibrations
and ring-down of the objects in contact with the film. It
was decided to continue using piezoelectric film for the
development of the instrument prototype.

IV. I MPLEMENTATION

A. Body Construction

The body of the instrument (figure 1) was constructed from
plywood, cut into a circle for ergonomic and aesthetic reasons.
A flexible strip of metal was bolted to one edge of the body
to act as the ”neck” of the instrument. This structure was then
securely mounted to a height- and angle-adjustable percussion
stand. Five force-sensing resistors (FSR’s) were attached to the
neck so as to offer convenient placement of thumb and four
fingers. Additionally, a bend sensor was fastened to the back
of the neck in an attempt to sense neck bend. Each sensor
was wired with a 100kΩ resistor in a simple voltage-dividing
circuit and connected to an Ethersense A/D signal converter
[13], which also provided the +5 Volts required to run the
sensor circuits. The Ethersense was run in 10-bit mode to
reduce the load on the mapping-synthesis computer.

B. Bow Construction

The ”exciter” part of the instrument, while not similar to a
bow in appearance, served approximately the same purpose:
to excite and sustain sound in the music instrument (in this
case, the controller-synthesis system). The ”bow” consisted
of a 25cm steel spike with the head removed and sensors,
connectors, wires and a small circuit attached. A small rubber
ball with a hole drilled to its center was glued over the tip, and
the head end wrapped in foam to decrease acoustic damping
from the hand.

A small piece of piezoelectric film (MSI part 0-1005447-
1) [12] was attached close to the tip of the bow to transduce
vibrational energy from rubbing and scraping the bow on a
surface. The film was connected to a standard audio phone

Fig. 1. The Celloboard prototype with bow

Fig. 2. The ”bow”

jack, and commercial cables were used to connect this to a
USB microphone pre-amp and audio interface. Additionally, a
small circuit board was built around a single-axis accelerome-
ter (ADXL103JQC) [14], using the onboard uncommitted am-
plifier and 100kΩ and 50kΩ resistors to achieve approximately
1V total voltage swing with full tilt range along the sensitive
axis. This circuit board was mounted to the bow and connected
via a thin 3-conductor audio cable to the main sensor circuit
on the instrument body, routing its power input, ground, and
signal output to the Ethersense.

V. M APPING

Mapping was implemented in Max/MSP, using as input both
Open Sound Control (OSC) [15] messages from the Ethersense
A/D interface and audio signals from the piezoelectric film.
The main goal of the mapping was to create musical response
to the interface that corresponded to the energy input of the
performer. Throughout the mapping patches, attempts were
made to use appropriate decay times in the audible sound and
for the internal state of the synthesis patches.

The FSR pressure sensors used on the body of the instru-
ment were primarily mapped to pitch, though they were also
involved in more complex interrelations to increase timbral
variety. The four top FSR’s were mapped in combination
to pitch-class (discrete frequency choices), using a simple
binary counting scheme to produce sixteen discrete pitches
with only four sensors. The thumb sensor was mapped more
simply as an on/off switch, in order to permit the performer



to articulate faster musical attacks and decays than would
otherwise be possible. [7] considered the ability to smoothly
and deliberately silence a sound a primary musical requirement
for electronic instruments.

The excitation part of the mapping was developed with two
modes, each utilizing a different interaction metaphor. Tilt data
from the accelerometer was used to switch between modes,
with the mapping patch entering ”bowing mode” when the
tip was pointed downward (a convenient position for rubbing
and scraping the body of the instrument), and ”shaking mode”
when the bow tip was pointed upwards, as if it were a rattle
or other shaker.

A. Bowing Mode

The most advanced mapping of excitation energy input
utilized the audio signal from the piezoelectric film on the
bow. Audio input was band-pass filtered at two frequencies,
with each band controlling separate synthesis parameters. The
energy of the first band, at 933hz, was mapped to both overall
audio output volume and to timbral parameters, with a level-
dependent variable decay rate for the energy measure. A
energy threshold was set, such that if the first-band energy
passed a certain level the mapping would sustain previously
played notes when new notes were selected, creating chords
of up to four simultaneous notes. The measured energy of
the second band, at 13062hz, was mapped to different timbral
synthesis parameters. The mapping of synthesis parameters
in general was designed with many complex interrelations
(figure 3), as discussed by [5], in order to mimic the highly
interrelated nature of acoustic instrument parameters.

The bow tilt data from the accelerometer was also used to
scroll through wave-shape choices, advancing through the list
by briefly raising the tip and then returning it to the bowing-
mode position.

B. Shaking Mode

As a secondary interaction mode, mappings were created
to turn low frequency shaking of the bow into excitation of
sound. Rather than averaging and adding the energy input as in
the bowing mode, individual acceleration changes were made
to trigger abrupt sounds, with the amplitude of acceleration
change dictating the output volume. Removal of jitter and
high-frequency noise through averaging created too slow a
response time for expressive playing, so a simple threshold
patch was built that triggers sound only if the acceleration
change is large enough. The mapping of controls to timbral
parameters in the shaking mode, at the time of writing, was
not yet of sufficient complexity to rival the bowing mode.

VI. SYNTHESIS

Scanned synthesis (Mathews, Verplank, and Shaw) [16] was
chosen for this instrument since, while not a physical model
of an acoustic instrument, it reacts to input in ways based
on physical laws (forces, tension, mass, entropy). Scanned
synthesis was designed to use an internal model of a string or
plane of virtual masses connected by springs. This mass-spring

Fig. 3. Controller-synthesis mapping

system can be deformed to a starting position and released,
or acted upon continuously by virtual deforming forces. The
mass-spring system is scanned at the rate of the desired pitch
frequency, but the forces are applied at a slower control rate.
Scanned synthesis seemed a natural choice for a controller that
seeks to clarify the relationship between performer input and
sound output.

The synthesis was implemented in Max/MSP, using the
scansynth˜external object (version 1.2.1) [17] built by Jean-
Michel Couturier at CNRS Laboratoire de Mcanique et dA-
coustique and released in 2002. This object enables synthesis
methods from the original Csound implementation to be used
in the Max/MSP environment, including the action of virtual
forces upon the scanned system. For the Celloboard, control
parameters mapped to timbre were used to control variables in
these applied forces, such as their amplitude, offset, frequency,
overall shape and noise component.

VII. D ISCUSSION

The primary limitation encountered during the project
proved to be in the software development, rather than elec-
tronics: the computer used for mapping and synthesis simply
was not fast enough to handle the load of audio signal
processing, tracking the state of the scanned synthesis system,
and keeping up with the complex mappings. To free resources,
the patches were streamlined and made more efficient, and the
Ethersense interface was set to transmit 10-bit data instead of
16-bit. These steps made enough difference for the patches
to perform, but problems were still apparent. At the time of
writing, efforts were still underway to improve the efficiency
of the software.

Also, the audio signal levels from the piezoelectric film
proved to be too low when using the rubber ball attached to
the tip of the bow, and became too noisy if amplified, though
perhaps with the right signal conditioning a better signal/noise
ratio could be found. Using the steel tip of the bow yielded
satisfactory audio levels, but also produces more acoustic
noise. This noise was masked by the synthesized sound, but
in quiet environments this would probably not suffice.

The overall concept of the instrument, however, proved to be
successful. Although it remains to be seen if the instrument is
more or less ”expressive” than others, the link between phys-
ical gestures used in playing and the sound being produced



was obvious and natural, and the sound amplitude and timbre
were closely tied to the input energy. The instrument was
fun to play and easy to begin playing, but the mapping was
sufficiently complex that the sound-space could be explored
for long periods of time. The shape of the instrument and
its physical presence also provided important haptic feedback
to the performer and visual information to observers The
performer was forced to use large physical arm movements
in order to excite sound, movements which could be easily
interpreted and related to the resultant sound an audience.

VIII. F UTURE WORK

Much further work could be done to more fully develop
the Celloboard as a viable musical interface. A bend sensor
affixed to the pliable neck of the instrument proved to be
almost useless in measuring the slight curvature of the neck,
and could profitably be replaced with a strain-gauge of some
sort. Additionally, the acoustic noises of scraping produced
by the instrument can be distracting, and should be reduced,
perhaps by changing the material on the surface of the board.
In the original conception of the instrument, it was proposed
that the body of the instrument be covered with several
different materials, with the intention of producing different
timbres in synthesis depending on the nature of the surface
being rubbed; adding these surface materials would likely
reduce acoustic noise substantially. It was also suggested that
additional piezoelectric sensors be affixed to the plywood body
of the instrument, allowing synthesized sound to be triggered
and excited by brushing or striking it with the hands as well as
the bow. This would probably also increase the instrument’s
perceived similarity to acoustic instruments, most of which
can be made to produce sound in a variety of ways.

The complex, interrelated mapping implemented, while suc-
cessful, could also be further refined in order to make the
controller more immediately responsive to user input.

In order to determine the instrument’s limits and its potential
for musical expression, it should be played and evaluated by
a larger sample of subjects than those exposed to it already.
It would also be interesting and informative to compare this
interface with others in a more objective evaluation.

IX. CONCLUSION

This paper described the design and development of the
Cellboard, a new musical instrument prototype which empha-
sizes the need for physical contact and interaction between per-
former and interface. The importance of coupling the physical
energy input of a musical instrument interface to perceived
changes in the resultant sound was discussed and demon-
strated. The interface construction and the mapping imple-
mentation were presented, and the benefits of using complex,
interrelated mapping were shown. Two input-energy mapping
strategies were described, one using a bowing metaphor and
the other using shaking metaphor. The choice of scanned
synthesis for producing sound output was explained, and
its implementation described. Areas requiring improvement

were identified and future modifications to the prototype were
proposed.
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