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Abstract

The vBow senseghe violinist's bowstroke througtthe encoder of a serwdriven by a cable, which is
wrapped around a capstan attached to the shaft ohaot@r, and secured to either end of tvigual bow.

The servo engages thew, simulating friction andvibration of thestring onthe bow, according to the
velocity of theperformer's stroke.The result is a musical controller capable of simulating the complex
interaction between a violinist's bow stroke, an acoustic vighiissical response, and the violinist's
reaction to the force-feedback of the acoustical system.

Motivation (Figure 1), avirtual violin bow musical controller,
uses a design based on robotic technology to both
Previous electronic musical controlldraveeither accurately capture gesturabxpression and
added technology to acoustic instruments to provide haptic feedback to the performer.
translate the expressive qualities of the instrument
into digital data, oremployedsystems of sensors Construction
to capture the performangestures othe player,
to provide the computer musiciawith an The vBow is designed aroundvéaxon Precision
expressive electronic musical controller. The Motors RE @25 servomotor with a digital
advantage of théormer case ighat theforce- encoder,and a Berg Manufacturinginear ball
feedback of the acoustic instrumeapon which bearing. The servo was selectlmt its stall
the traditional playedepends and higechnical torque and operatingange, so that it would be
training has been based, is retainétbwever, the  able to withstand and simulate the frictifam the
translation of an acoustic signal into dagital normal range of force for a violinow, asdetailed
protocol is prone toerror, and quantizes the in the research by Askenfe({tL989: 513-514).
expression of the instrument, limiting the  The digital encoder provide&s00 slots per turn in
expressive range of the performer. In thiter two channels, allowing 2000 counts per
case, theexpression ofthe performer may be revolution. The linear bearingses fourevenly
more accurately and fully translated, but the haptic spaced rows oball bearings, alongts interior
response ofthe instrument idost. The vBow wall, to facilitate smooth travel through the bore.

Figure 1: The vBow.



its minimum breaking strength, wrapsound the
capstan, within a groove cut into tsele of the
capstan. Thediameter of the capstasurface
within the groove was determinealpngwith the
stall torque of themotor, by the optimatange of
force for the system.

Figure 2: The housing for the linear bearing and
servo, with holes for the capstan and cable.

Both the servo and linear bearing are secured to &
housing (Figure 2)machined fromacrylic, which
also contains guide holdsr the cable. Ametal
strap is used to secutke linear bearing to the ) _ )
face and back of the housinghile retainer rings, Figure 4: The frog with cable tensioner.

which fit into grooves cut into theuter wall of ) )

the linear bearingsecure the bearing to ttsides The virtual bow isconstructed from a smooth

of the housing. A strip ofraft foamensureshat  fiberglassshaft, which serves as tistick of the

the metalstrap firmly holdsthe bearing against bow, and two blocks, machined fromacrylic,

the housing, preventing unwanted vibration. Both Which serve as the tignd frog ofthe bow. The

the metalstrap andservo are fastened to the Ccable passes through holefilled through the
housingwith screwswhich fit into holes drilled length of the tip and frog, and is terminated at
through the depth of thehousing. The whole either end by a stainless steel ball and shank. The
assembly is secured, with stainless steel screws, tdip of the bow is attached witlscrews to the

a violin-shaped base, which serves as a stablefiberglassshaft, while thefrog slidesalong the
foundation. bottom of theshaft. The frog is attached to the

shaft by a standarbow tightening screw and
eyelet, which fit into a holand slot drilled out of
the fiberglass shaft, andserve as the cable
tensioner (Figure 4).

The bow moves smoothly, with the shaft traveling
through the linear bearing, and the cable, threaded
through the guide holes in the housing, and
wrapped around the capstan, spinning the shaft of
the motor.

Performance data sensed by the encoder and
haptic feedback instructions for driving the servo
will be bussed through parallel data streams to
and from a Servo To Go data acquisition and

Figure 3: The Capstan and servo with encoder. Se€rvo control ISA card, installed in a Pentium IlI,
600 MHz PC, running Windows 98.

In another hole drilledhroughthe depth of the _ _ _
housing fits acapstanturned from araluminum  The vBow will be used to drive the bowed string
rod, which is secured to the shaft of the sewith physical model (Serafin and Smith, 2000),

a set screwFigure 3). The 1x7,nylon coated,  through the violin body resonance waveguide
stainless steeBavalndustriescable,selected for ~ mesh model (Huang, Serafin, and Smith, 2000),



using the friction model (O'Modhrain, Serafin,
Chafe, and Smith, 2000) currently being
developed at CCRMA, by members of the
STRAD group.

Improvements
versions of theBow are

Three additional
planned.

The secondversion of thevBow would measure
and provide haptic feedbaclor crossing and
bowing multiple strings. It would use a
potentiometer at givot point, to measure bow
position across strings, anddditional control
software for the motor of thefirst version, to
simulate the feel ofcrossing strings and the
friction andvibration of multiple strings on the
bow. This version would also measure biovee,
with a pressure sensor #ie base ofthe vBow
housing.

The third version would providéor longitudinal
motion, along the length of thevirtual string,
using another servo andcable system to

compensate for the mass of the bow and housing.

A final version of the vBow would lift the original
housing off ofthe basesuspending it from a
small robotic arm, that would incorporate the
degrees of freedom frorthe second and third
versions into a unified design.
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