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ABSTRACT

DrawSound is a drawing instrument for sound
performances that combines multi-touch input technology
with the expressive character of drawing. The instrument is
intended to be used in two different art projects, The SINE
WAVE QUARTETand aea In this paper, we describe the
implementation of DrawSound with three different pens
and show how we design the two different sound
performances. We also explain our preliminarily
observations about the unique characters of DrawSound.
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INTRODUCTION
DrawSound is a drawing instrument for sound
performances that combines the multi-touch input

technology with the expressive character of drawing. The
instrument is intended to be used in two different art
projects, The SNE WAVE QUARTE®nd aea

The SINE WAVE QUARTET

The SINE WAVE QUARTESWQ) is a sound performance
project, consisting of four performers. The SWQ, and one
of the authors as a quarter of it, utilizes "sine waves" to
facilitate sound performances. The SWQ has been actively
performing for the past several years in Europe, America
and Asia. The performers of the SWQ also acted as the core
members of a participatory sound art project The SINE
WAVE ORCHESTRA [20]. In the SWQ, each performer
individually controls the parameters for frequency, volume
and phase of a sine wave. In past performances, each
performer used various devices such as laptop PCs and
analog oscillators to produce sine waves, with four speakers
representing the four performers. Each performer played a

sine wave along with the score written in words [10].

aeo

aeois a sound art and performance project consisting of
three members: Eye, Taeji Sawai and one of the authors.
Although each member acts as an artist for other projects
[2][18], he takes one of three fixed roles for this project:
performer (Eye), sound designer (Sawai) and instrument
designer (one of the authors). In past performances, the
performer held two sets of hand-held spherical instruments,
which produced sounds by haptic gestures such as shakes,
sways or swings. These motions by the performer were also
used to produce patterns of light [8].

IMPLEMENTATION

Through our experiences of sound performances, we
developed a strong interest towards to maintain the
expressing characters of performer’s action. The descriptive
aspect of the drawing process [3] seems to have a potential
to represent the history of such expressions. Our approach
is to combine multi-touch input technology with the
expressive character of drawing in a sound performance.
The DrawSound hardware consists of a DiamondTouch
(DT) multi-touch input interface [5], sets of electrical
conductive pens, and ordinary paper.

Hardware

DT detects each position and occurrence of touch with a
circuit of weak electricity. The circuit can be detected even
if there is a sheet of paper covering the tabletop surface. To
sense the drawing activity on the paper, we have
implemented three different types of electrical conductive
pens: pastel,brush and wired brush

pastelconsists of a glued-together powdered carbon stick
and an aluminum tape. The aluminum tape is used to avoid
the adherence of carbon powder to performer's hand.
Because both the stick and the tape are conductive, we can
sense the touch area of the stick with a circuit of weak
electricity between the DT surface and the stick through the
performer's body sitting on the conductive mat (Figure 1).

brushis made from a brush with a wooden grip, aluminum
tape, and a thin metal wire. Our idea is to use water loaded
in a brush tuft as the conductive material between the brush
and the DT surface. Because the grip and tuft of brush are
not conductive, we rolled the thin metal wire on the edge of
the brush's tuft and connected it to the aluminum tape rolled



on the grip of the brush. Similarly as pastel,we can sense
the touch area of the wet brush with a circuit of weak
electricity between the DT surface and the brush through
the performer's body (Figure 2-a).

wired brushconsists of a brush with a wooden grip, a thin
metal wire, and an isolated cable. The connection of the
brush and the thin metal wire is as same as brush, but the
thin metal wire was directly connected to the DT with the
isolated cable, instead of the aluminum tape, the performer's
body, and the conductive mat (Figure 2-b).
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Figure 2. a:brush,b: wired brush

For brush and wired brush, we conducted tests with
different types of inks. We originally used black ink, which
is usually used in Japanese calligraphy. This ink consists of
carbon, which is conductive. The problem is that as the
performer draws to the paper, the entire drawing becomes
conductive, even when it dries out. This prevents the DT
table from recognizing exactly where the current brush
stroke is. We solved this problem by using other colored
inks, which did not possess conductive properties.

Software

We originally captured the drawing activity with following
parameters: ID, Motion type, Time, X, Y, Bounding bd®
represents each performer of pastelor brush or wired brush
Motion type has three events, down up, and move Down
represents start of the touch between the pen and the DT
surface. Up represents remove of the touch. Move is
produced during the touch in every 33 milli second. Time
represents elapsed time from the last event to the current
event. It is separately stamped for each ID. X and Y
represent the maximal strength signal of the touch on the
DT surface. X represents the position of long side and Y
represents the position of short side. Bounding boxonsists
of four arguments (x1, y1), (x2, y2). It represents the border
of the touch area.

From the original parameters, we also calculated additional
parameters. Currently we calculated SpeedDistance Size
and Direction. Speedrepresents the speed of the pen
between current touched position and the last position and
is calculated from X, Y, and Time Distancerepresents the
distance between current touched position and the last
position and is calculated from X and Y. Sizerepresents the
approximate size of the touch area and is calculated from
bounding box. Direction represents the angle from the long
side of the DT to the line between current touched position
and the last position.

To represent the drawing activity as sound performance, we
have implemented a design environment [9]. The
environment aims to simplify the design of mappings
between the acquired data (i.e. parameters of the drawing
activity) and sound representations. We form our
environment with three parts: Data part, Sound part, and
Translation part. In the data part, we treat the acquired data
as streams of numerical lists along the time line. In the
sound part, we provide a variety of sound representations
(e.g. sine wave, piano notes, car engine sound). We define a
set of numerical parameters for each sound representation
to modify the sound. In the translation part, we provide
adapters to adjust the value of data to fit the parameter of
sound (e.g. normalization, trigger, scale change).

We are currently using the DiamondTouch SDK [6],
JavaOSC [16], and MaxMSP [4] as our back end software.
We first capture the drawing activity with DT SDK and
transfer the data to MaxMSP. Then we use the environment
implemented with MaxMSP to create the mapping between
the acquired data and sound representations.

Our implementation is not only limited to sound
performance, for example with brush, we captured the
movement of the brush tuft in Japanese calligraphy to
produce the visual and auditory representation of the
writing process and stored it for a later replay [14].

CHARACTERS OF PENS

We have implemented three types of electrical conductive
pens, paste] brush and wired brush Used as instruments
for a sound performance, they displayed different
characteristics. With paste] the performer was able to keep
drawing during the performance because it consists of
conductive glued powdered carbon. With brush and wired
brush the performer had to soak the brush in the water
during the performance. But, the water enabled us to choose
several watercolors to visually distinguish each drawing of
the brush. brush and wired brushhave a broader range of
touch area than pastelbecause of the plasticity of the brush
tuft. pastel and brush use the performer's body and
conductive mat as parts of circuit to identify each ID.
Therefore, if the performer sits or stands on conductive mat,
his/her single drawing activity is captured with multiple ID.
wired brushuses isolated cable for part of circuit, instead of
using performer's body and conductive mat. Therefore, if
the performer uses two or more brushes, each drawing



activity of brush is captured with different ID. The isolated
cable also appeared to show more robustness against
electrical noise for weak circuit between pen and the DT
surface.

PERFORMANCES

The SINE WAVE QUARTET

In the performances of the SWQ, four performers sits on
each side of the DT surface, playing a sine wave in the
square marked on the center of the paper. To use drone
(continuous low sounds) in their performance, each
performer uses pastel to play a sine wave. From past
experiences, we notice that to identify a sine wave from
mixed sine waves is challenging. Therefore, we placed a
speaker behind each performer of the SWQ. If the
performer put the pen on the paper, a sine wave will
become audible. We handle the sitting position of each
performer with ID. The horizontal axis corresponds to
frequency, and the vertical axis corresponds to volume. If
the performer moves the pen to right, the frequency
becomes higher, and if he moves the pen to upwards, the
volume becomes louder. If the performer separates the pen
from the paper, the sound will stop. To map the drawing
activity to the parameter of the sine wave, we use following
adapters in design environment (Figure 3).
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Figure 3. The mappings for SWQ performance

We use two scale adapters to normalize the range of X and
Y axis to fit the range of frequency and volume of the sine
wave. We also use two curve adapters to shift the scale of
the frequency and the volume from a linear to logarithmic
to fit people's sense of hearing. A trigger adapter is used to
stop the sounds when the performer discontinues drawing
with the pen.

aeo

For the performance of aeq we are currently in the middle
of design process. In this paper, we are therefore only able
to show a brief example using a sine wave for sound
representation. In this design, the performer, stands in front
of the DT surface, playing a sine wave on paper. To
perform other sounds by single performer, currently we
choose wired brushto play a sine wave. We placed two
stereo speakers for each side of the DT surface. If the
performer put the pen on the paper, a sine wave will be
heard. The horizontal axis corresponds to panning between
two speakers, the vertical axis corresponds to the frequency,
and the size of touch area corresponds to the volume. If the
performer moves the pen to right, the sine wave sounds

from right, if he moves the pen to upwards, the frequency
becomes higher, the volume becomes louder, and if he!
presses the pen to the DT surface, the volume becomes
louder. If the performer separates the pen from the paper,
the sound will stop. To map the drawing activity to the
parameter of the sine wave, we use the following mappings
(Figure 4).
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Figure 4. The mappings foraeoperformance

We use three scale adapters to normalize the range of X and
Y axis, and size to fit the range of panning, frequency and
the volume of the sine wave. We also use two curve
adapters to shift the scale of the frequency and the volume
from a linear to logarithmic to fit people's sense of hearing.
A trigger adapter is used to stop the sound when the
performer lifts the pen from the drawing surface.

OBSERVATIONS

We organized preliminarily demo session with the other
three members of SWQ. After the session, we observed the
following characteristics of DrawSound.

To present what the performer is doifigpresents a whole
view of what each performer is doing during the
performance within a shared space. It is not only intended
for the other performers but also for the audience. In this
aspect it differs from performances using laptop PCs, where
the audiences hardly see what the performer is actually
doing because of the restraints of the small screen, and
much more because of limited physical movements.

To describe the performancBuring the performance, the
drawing represents a history of the continuous sound event.
Each performance of the performer is captured as a separate
drawing. It also enables us to describe the whole history of
the performance as a real visual representation on paper
(Figure 5).

RELATED WORKS

Many artists and researchers have tried to make sound with
drawing (such as lannis Xenakis’s UPIC [17], Golan
Levin’s Audiovisual Environment Suite [12], Amit Pitaru’s
Sonic Wire Sculpture [15] ). In contrast to such previous
works, DrawSound uses the ordinary paper and pens to
synchronize the drawing activity with the sound
representation. Drawn [13] also uses the ordinary paper
with ink and brush, but it does not explore direct
synchronization of drawings and sounds in real time.



With DrawSound, single or multiple performers enable to
perform different sounds simultaneously within a shared
space. The reactable [11] and the Jam-O-Drum [1] also
offer such collaborative sounds creation with a set of
physical objects (reactable) and drum pads (Jam-O-Drum).

Figure 5. Whole history of the performance

CONCLUSION

We presented DrawSound, a drawing instrument for sound
performances that combines multi-touch input technology
with the expressive character of drawing. The goal of
DrawSound is not to be used within the laboratory but in
live performance for the benefit of the audience. We believe
that the design of sound instruments is not fixed at the point
of initial creation and therefore needs continuous iteration
through actual use in real sound performance environments.

We are also interested in how the drawing is changing with
different mappings between the drawing activity and the
sound representation. We designed two different mappings
for sine waves. One is for the SWQ and another is for aco.
We tested these two mappings with same type of pen in our
informal test performances. Due to using Sizefor volume in
aeo's mapping, the resulted drawings have different
characters. SWQ's consists of many long lines with flat
width but aeo's shows several changes of width in its
trajectory. As Hunt et al. pointed, how the mapping layer
affects the perception (and the playability) of an electronic
instrument by its performer [7] needs to be explored by
future research.

We also consider that our approach, which differs from
most of existing musical notification [19] (e.g. prescribed
score for western tonal music performance, described score
for traditional roots music), in the point of the whole history
of the performance being described as a real visual
representation on paper. We hope that this demonstrates a
new direction in the notification of sound performances.
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