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Abstract

This paper describes the development of a virtual violin
bow haptic human-computer interface, which senses bow
position with encoders, to drive bowed-string physical
model synthesis, while engaging servomotors, to simulate
the haptic feedback of a violin bow on a string.  Construc-
tion of the hardware and programming of the software are
discussed, as well as the motivation for building the in-
strument, and its planned uses.
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MOTIVATION

As a performer and composer, I found the MIDI violin a
poor musical controller for interactive computer music.
Due to the errors produced by its translation of the vibration
of the violin strings into MIDI pitch and velocity data, it
was difficult to get an accurate or expressive translation from
performance gesture to synthesized sound.  Also, because of
the latency of the system, there was a considerable delay
between the performer bowing the string and the MIDI de-
vice producing a sound.

As I began to develop ideas about a design for an alternative
expressive musical controller, based on the paradigm of the
violin, I learned of the work underway, to improve the ex-
pressiveness or playability of the bowed-string physical
model [6].  An instrument with an array of sensors, that
mapped physical bowing gesture to parameters of this im-
proved bowed-string physical model, seemed like an excel-
lent design for an expressive violin bow controller.

At the same time, I learned of the research  underway,
studying the affect of haptic feedback on the response of a
musician to an instrument [4, 5].  According to the find-
ings, not only does a performer respond to kinesthetic re-
sponse when learning an instrument [5], but also the addi-
tion of haptic feedback to a performance system improves
playing accuracy [4].  These studies suggested the impor-
tance of incorporating haptic feedback  into the design of an
alternative violin bow controller.

HARDWARE

Figure 1. The vBow, version 1.

The first version of the vBow was designed around a single
servomotor with a digital encoder.  The servomotor is se-
cured to a housing machined from acrylic, that is screwed to
a violin-shaped wood base.  A capstan screwed to the shaft
of the servomotor fits through a hole drilled through the
depth of the acrylic housing.  Attached to the top of the
housing with a strip of metal is a linear bearing, through
which a fiberglass rod passes.  Attached to either end of the
rod are an acrylic tip and frog.  A cable stretches from the
tip to the frog, through a hole drilled through the width of
the housing, and wraps around the capstan attached to the
shaft of the servomotor.  As the violinist draws the rod of
the vBow back and forth, the cable spins the capstan at-
tached to the shaft of the motor, and the encoder reads the
counts per revolution of the shaft [2].

Figure 2. The vBow, version 2.



The second version of the vBow is constructed from pieces
that were laser cut from acrylic and additionally machined
with a mill.  The capstans were turned from an aluminum
rod with a lathe.  The cable used in the first version,
stretched from tip to frog across a fiberglass rod, is also
used in the second.  In addition to using the single servo-
motor with encoder of the first version, the second version
also uses three more servomotors with encoders to sense
rotational motion across, vertical motion above, and longi-
tudinal motion along the virtual strings [3].

Figure 3. The vBow, version 2.1.

Because of the yaw caused by the leverage of drawing the
vBow perpendicular to the long arm of the second version,
two improvements were made to the second version.  The
arm was shortened, and the acrylic pieces were secured to-
gether more tightly.  Lock nuts screwed at either end of
threaded pins, rather than the original e-clips which fit into
slots cut into lengths of stainless steel rod, were used to
secure the acrylic pieces together.

Figure 4. Rotational motion.

One of the additional servomotors with encoders of the sec-
ond version senses bow rotation across multiple virtual
strings, providing for string crossings in the sound synthe-
sis software, and will produce the haptic feedback of addi-
tional resistance in the control software, when the vBow

reaches the encoder count for each virtual string.  As the
performer rotates the vBow across multiple virtual strings,
the synthesis software will produce double and triple stops,
and the control software will produce the feeling of coming
into contact with each virtual string.

Figure 5. Vertical motion.

Another of the additional servomotors with encoders senses
bow position above and into the virtual strings, allowing
for various attack velocities in the sound synthesis software,
and will produce the haptic feedback of string elasticity,
when the vBow reaches the encoder count for the surface of
the virtual strings.  As the performer lowers the vBow into
the virtual strings, the synthesis software will produce the
attack of a violin timbre, and the control software will pro-
duce the feeling of pushing into the virtual strings.

Figure 6. Longitudinal motion.

The last of the additional servomotors with encoders senses
longitudinal position of the bow along the length of the
virtual strings, supplying bow position in relation to the
virtual bridge to the sound synthesis software, and will
produce the haptic feedback of longitudinal friction, propor-
tional to vertical position, when the vBow moves towards
or away from the encoder limit for the virtual bridge.  As
the performer moves the vBow along the length of the vir-



tual strings, the synthesis software will change from a sul
ponticello to a sul tasto timbre, and the control software
will produce the feeling of longitudinal friction along the
length of the virtual strings.

For all of these additional servomotors with encoders, a
short cable is fastened with screws to the curved acrylic
piece above, so that when the acrylic piece is moved, the
curved part and the attached cable glide over the surface of

the capstan, spinning the shaft of the servomotor.  Con-
versely, as the control software engages the servomotor, the
capstan moves the cable, along with the acrylic piece it is
attached to.

The author manufactured the acrylic pieces, using a laser-
cam, mill, and tap, the aluminum capstans, using a lathe,
and the threaded pins, using a die.

Figure 7. Degrees  of freedom.

SOFTWARE

The software for the first version of the vBow uses Synthe-
sis ToolKit (STK) objects and methods written in C++
[1], for the sound synthesis of the system, and the C/C++
library for the Windows 95/98 driver bundled with the Ser-
voToGo data acquisition and servomotor control card, for
the servomotor control.

The software reads the encoder count, as the cable attached
to the fiberglass rod spins the capstan, and the servomotor
shaft it is attached to.  The sampled encoder count is used
as the velocity parameter for the bowed-string physical
model sound synthesis.  

The software also generates a randomly varied vibration
with the servomotor, in the direction of the vBow stroke,
producing an additional frictional drag on the virtual bow.

The software for the second version of the vBow, which the
author is in the process of writing, still uses the STK ob-
jects and methods for the sound synthesis of the system,
but now uses the C/C++ libraries written for the Servo-
ToGo card by Quality Real-Time Systems (QRTS), for the
servomotor control.

Whereas the libraries for the ServoToGo card, used for the
first version of the vBow, were written for a Windows
95/98 driver, the QRTS libraries, used for the second ver-
sion, are for use in software running under RTLinux.  Pro-



gramming the control software for the vBow to run under
RTLinux, a real-time version of the popular Unix-based
operating system, will eliminate latency caused by the
Windows operating system.

APPLICATION

The first version of the vBow has been a useful instrument
for testing the expressiveness of the bowed-string physical
model and the efficacy of adding haptic feedback  to a musi-
cal controller system.

As the user draws the vBow slowly, the synthesis software
produces a scratchy timbre.  As the user  draws the vBow
quickly, the synthesis software produces a flautando timbre.
And, as the user draws the vBow at an optimal speed, the
synthesis software produces a clear bowed-string timbre.

The second version of the vBow will be a versatile and
expressive electronic musical instrument for interactive
computer music performance.  Because the encoder data can
be mapped to the parameters of any synthesis software, the
vBow can be used to perform any synthesis instrument.
Also, because the haptic feedback of the controller can be
varied continually during performance, the kinesthetic feed-
back of the vBow can be used as a compositional element.
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