
42 43

array2025 array2025
Investigating the performance of a vio-
lin physical model: Recent real player 
studies
by Diana Young and Stefania Serafin

Initially published in: Proceedings of the 
ICMC 2007, pp. 394-397, http://hdl.
handle.net/2027/spo.bbp2372.2007.086

Original PDF with new page layout.

Comment by Chryssie Nanou 
The paper presents two virtual violin per-

***********************************************************************************

formance studies where a physical model 
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ABSTRACT

This paper presents the results of two recent pilot exper-
iments conducted to investigate the performance of a real-
time physical violin model using bowing parameters gen-
erated by a real player. In each of these two experiments,
the calibrated bowing parameters of bow force, bow speed,
and bow position (bow-bridge distance) are mapped to the
calibrated inputs of the physical model in order to examine
model’s response to realistic bowing control. In the first
experiment, previously recorded bowing parameters gener-
ated by a player are used to drive the model. In the second
experiment, the player is given live control of the model
(while the player monitors the synthesized sound through
headphones). This work is enabled by a playable measure-
ment system for violin bowing recently developed.

1. INTRODUCTION

Physical models of violins, which take as inputs physical
bowing parameters, have now reached the level of sophis-
tication at which the sound they produce compares well to
that of their real instrument counterparts. However, true
and complete validation of a particular model has not yet
occurred, as this requires demonstration of the same be-
havior as a real violin in response to realistically varying
physical input parameters, and large sets of real input data
have as of yet been unavailable.

In this paper, the results of two simple virtual violin val-
idation experiments are presented. In both of these experi-
ments, the calibrated bowing parameters of bow force, bow
speed, and bow position (bow-bridge distance) generated
by a real violinist were mapped to the calibrated inputs of
the physical model in order to examine model’s response
to realistic bowing control. In the first experiment, pre-
viously recorded bowing parameters generated by a player
were used to drive the model. In the second experiment, the
player is given live control of the model (while the player
monitors the synthesized sound through headphones).

The main motivation in conducting these experiments
was to begin to explore whether the coupling between a
calibrated bow controller and violin physical model is now
sufficient, as discussed in [7]. Included below are details of
the experiments and the results obtained.

2. BACKGROUND

The physical model used in these experiments was first im-
plemented as a Max/MSP external [1, 2, 3] but was ported
to the Pd environment for use in these studies. This model
incorporates the computationally efficient waveguide syn-
thesis first developed by Julius Orion Smith III [6], with
recent discoveries in the acoustics of bowed string instru-
ments [8].

In particular, the friction interaction between the bow
and the string is modeled taking into account the thermo-
dynamic properties of rosin discovered by Jim Woodhouse
and Jonathan Smith [5]. The model is calibrated from phys-
ical measurements on real violins and takes the physical pa-
rameters of bow force normal to the string, bow speed, and
bow position (bow-bridge distance) as inputs. The basic
operation of this implementation of the model was verified
in previous experiments [10, 4].

Two measurement systems were employed in the exper-
iments presented in this paper. In the first experiment, the
archived performance study, a Vicon motion capture sys-
tem was used to obtain bow speed and bow position, while
a custom designed playable measurement system [9] was
used to provide the bow force measurements. In the sec-
ond experiment, that involving live control by a player, the
custom system was used to provide the measurements of all
three bowing parameters.

3. EXPERIMENTS

In these virtual violin performance studies, two different
cases were explored, one in which the violin physical model
was driven with bowing parameters recorded from a pre-
vious performance by a real player, and one in which the
player was given live control of the model.

The measurement of bowing parameters was achieved
using a custom designed system, evolved from earlier Hy-
perbow controller designs [9], as well as a Vicon motion
capture system.

3.1. Archived Performance Study

The first virtual violin experiment used the data recorded
from a previous performance on the test violin. This simple
performance featured one full down-bow bowstroke, fol-
lowed immediately by one full up-bow bowstroke. Both
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of these bowstrokes were performed on the open G string
and each had a duration of approximately three seconds.
The audio and gesture data were recorded using the cus-
tom measurement system described in [9]. In addition, the
gesture was also recorded using the Vicon motion capture
system. The position data and speed data from the Vicon
system were then combined with the force data from the
custom measurement system.

Using these bowing gesture data as inputs, the virtual vi-
olin was played. That is, the three recorded primary bowing
parameters were used to drive the violin physical model.
The resulting synthetic sound was recorded to a file, and its
corresponding waveform was then compared to that corre-
sponding to the original acoustic sound (produced by the
recorded gesture data) from the test violin.

3.2. Live Performance Study

In the virtual violin experiment, a violinist was asked to
play the violin model in realtime using the custom bow-
ing measurement system as a physical controller for the
model. In these trials, the player listened to the resultant
real-time synthesis through headphones. The player was
first asked to imitate as closely as possible the sound of
the real-player performance featured in the archived per-
formance study described above. After several trials, the
task requested was modified and the player was asked in-
stead to achieve the best quality of sound possible in two
bowstrokes, one down-bow and one up-bow, of equal dura-
tion.

In this experiment, the outputs of a real-time Kalman
filter (described in [9]) were input to the violin model (run-
ning in Pd) using the OpenSound Control (OSC) proto-
col. Though it is possible to produce the bowing param-
eters relative to the violin with the hardware sensing sys-
tem that was built, for this preliminary experiment only the
bow movement was used. Because of the simplicity of the
performance task and the fact that the experiment was con-
ducted while the player was seated, this was determined to
be a reasonable approximation (though future studies will
take full advantage of the hardware measurement system).

4. RESULTS

4.1. Archived Performance Results

As described above, this virtual violin experiment relied
upon the use of the Vicon motion capture system to provide
input bowing parameters corresponding to an actual perfor-
mance by a real player. The example performance used for
this experiment was that of one simple, broad downbow
stroke followed immediately by a similar upbow stroke,
played on the open G string.

The position data provided by the Vicon motion capture
system and the force data from the bowing measurement
system were input to a Kalman filter. This produced a data
file containing estimates of the three primary bowing pa-
rameters for every time step corresponding to the gestural
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Figure 1. This figure shows the waveforms produced by
the real electric violin and the virtual violin, and the three
primary bowing parameters that produced them both.

performance previously recorded. (The Kalman filter up-
dates the parameters at 200 Hz, at the same rate the hard-
ware sensor system produces the raw sensor values.) This
data file was then input via Python and OSC to the phys-
ical violin model implementation in Pd, so that the model
would receive a continuous data stream of the three primary
bowing parameters, just as if the model was being played
by the violinist in realtime. The resulting audio produced
by the model was then recorded.

To the ear, one of the most striking features of the syn-
thesized violin sound was that there was no distinct attack
for the second part of the sound file corresponding to the
original upbow stroke recorded by the real player. This ob-
servation was verified by plotting the virtual violin wave-
form, which is displayed in Figure 1, along with the same
visualization of the real electric violin sound for reference
and the plots of the primary bowing parameters (that pro-
duced both real and virtual sound). As can easily be seen
here, the violin model fails to produce a distinction between
the two bowstrokes.

4.2. Live Performance Results

The second virtual violin experiment was conducted by driv-
ing the physical violin model with gesture data produced
by a violinist in realtime. The purpose of this investiga-
tion was to address the question of how well a real player
is able to play the model using the measurement system as
a controller.

The performance given by this violinist was quite simi-
lar to that used in the previous virtual violin performance,
which consisted of one downbow and one upbow, played
on the open G string. In fact, as previously discussed, the
violinist participating in this study was asked to listen to the
recording of the real electric violin sound from the archived
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Figure 1. This figure shows the waveforms produced by
the real electric violin and the virtual violin, and the three
primary bowing parameters that produced them both.

performance previously recorded. (The Kalman filter up-
dates the parameters at 200 Hz, at the same rate the hard-
ware sensor system produces the raw sensor values.) This
data file was then input via Python and OSC to the phys-
ical violin model implementation in Pd, so that the model
would receive a continuous data stream of the three primary
bowing parameters, just as if the model was being played
by the violinist in realtime. The resulting audio produced
by the model was then recorded.

To the ear, one of the most striking features of the syn-
thesized violin sound was that there was no distinct attack
for the second part of the sound file corresponding to the
original upbow stroke recorded by the real player. This ob-
servation was verified by plotting the virtual violin wave-
form, which is displayed in Figure 1, along with the same
visualization of the real electric violin sound for reference
and the plots of the primary bowing parameters (that pro-
duced both real and virtual sound). As can easily be seen
here, the violin model fails to produce a distinction between
the two bowstrokes.

4.2. Live Performance Results

The second virtual violin experiment was conducted by driv-
ing the physical violin model with gesture data produced
by a violinist in realtime. The purpose of this investiga-
tion was to address the question of how well a real player
is able to play the model using the measurement system as
a controller.

The performance given by this violinist was quite simi-
lar to that used in the previous virtual violin performance,
which consisted of one downbow and one upbow, played
on the open G string. In fact, as previously discussed, the
violinist participating in this study was asked to listen to the
recording of the real electric violin sound from the archived
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of these bowstrokes were performed on the open G string
and each had a duration of approximately three seconds.
The audio and gesture data were recorded using the cus-
tom measurement system described in [9]. In addition, the
gesture was also recorded using the Vicon motion capture
system. The position data and speed data from the Vicon
system were then combined with the force data from the
custom measurement system.

Using these bowing gesture data as inputs, the virtual vi-
olin was played. That is, the three recorded primary bowing
parameters were used to drive the violin physical model.
The resulting synthetic sound was recorded to a file, and its
corresponding waveform was then compared to that corre-
sponding to the original acoustic sound (produced by the
recorded gesture data) from the test violin.

3.2. Live Performance Study

In the virtual violin experiment, a violinist was asked to
play the violin model in realtime using the custom bow-
ing measurement system as a physical controller for the
model. In these trials, the player listened to the resultant
real-time synthesis through headphones. The player was
first asked to imitate as closely as possible the sound of
the real-player performance featured in the archived per-
formance study described above. After several trials, the
task requested was modified and the player was asked in-
stead to achieve the best quality of sound possible in two
bowstrokes, one down-bow and one up-bow, of equal dura-
tion.

In this experiment, the outputs of a real-time Kalman
filter (described in [9]) were input to the violin model (run-
ning in Pd) using the OpenSound Control (OSC) proto-
col. Though it is possible to produce the bowing param-
eters relative to the violin with the hardware sensing sys-
tem that was built, for this preliminary experiment only the
bow movement was used. Because of the simplicity of the
performance task and the fact that the experiment was con-
ducted while the player was seated, this was determined to
be a reasonable approximation (though future studies will
take full advantage of the hardware measurement system).

4. RESULTS

4.1. Archived Performance Results

As described above, this virtual violin experiment relied
upon the use of the Vicon motion capture system to provide
input bowing parameters corresponding to an actual perfor-
mance by a real player. The example performance used for
this experiment was that of one simple, broad downbow
stroke followed immediately by a similar upbow stroke,
played on the open G string.

The position data provided by the Vicon motion capture
system and the force data from the bowing measurement
system were input to a Kalman filter. This produced a data
file containing estimates of the three primary bowing pa-
rameters for every time step corresponding to the gestural
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Figure 1. This figure shows the waveforms produced by
the real electric violin and the virtual violin, and the three
primary bowing parameters that produced them both.

performance previously recorded. (The Kalman filter up-
dates the parameters at 200 Hz, at the same rate the hard-
ware sensor system produces the raw sensor values.) This
data file was then input via Python and OSC to the phys-
ical violin model implementation in Pd, so that the model
would receive a continuous data stream of the three primary
bowing parameters, just as if the model was being played
by the violinist in realtime. The resulting audio produced
by the model was then recorded.

To the ear, one of the most striking features of the syn-
thesized violin sound was that there was no distinct attack
for the second part of the sound file corresponding to the
original upbow stroke recorded by the real player. This ob-
servation was verified by plotting the virtual violin wave-
form, which is displayed in Figure 1, along with the same
visualization of the real electric violin sound for reference
and the plots of the primary bowing parameters (that pro-
duced both real and virtual sound). As can easily be seen
here, the violin model fails to produce a distinction between
the two bowstrokes.

4.2. Live Performance Results

The second virtual violin experiment was conducted by driv-
ing the physical violin model with gesture data produced
by a violinist in realtime. The purpose of this investiga-
tion was to address the question of how well a real player
is able to play the model using the measurement system as
a controller.

The performance given by this violinist was quite simi-
lar to that used in the previous virtual violin performance,
which consisted of one downbow and one upbow, played
on the open G string. In fact, as previously discussed, the
violinist participating in this study was asked to listen to the
recording of the real electric violin sound from the archived
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Figure 2. This figure shows the waveforms produced by the
real electric violin, and the three primary bowing parame-
ters that were input to the model by the player. In order to
obtain a distinction between the two bowstrokes, the player
made a significant pause of about one second between the
downbow and the upbow.

performance and then asked to try to imitate it. In the
event that this task was too difficult, the player was asked
to produce the highest quality sound possible with the same
downbow-upbow bowing as in the example.

After listening to the example, the violinist attempted
to imitate both the sound quality and timing of the record-
ing. However, after several attempts, the violinist aban-
doned this approach and continued according to the second
instruction, trying to coax the best sound possible out of the
model with bowstrokes of different lengths and speeds.

5. DISCUSSION

The virtual violin study, though limited in scope, enabled
two discoveries by considering two different cases for driv-
ing the physical model with real player gesture data. The
first experiment, designed using data from an archived ges-
tural performance, addressed the question of whether or not
the virtual violin model responds realistically to calibrated
data extracted from an actual performance by a real player.
Conducting this experiment made it possible to test the re-
sponse of the model to calibrated bowing parameters and
thereby enabled a significant observation concerning the
damping behavior of the violin model, discussed below.

The second experiment was designed to use the bowing
parameters generated in realtime by a violinist (monitoring
the virtual violin sound with earphones) to drive the violin
model, in order to address the question of whether or not the
virtual violin model responds realistically to live control by
a real player. Though this experiment was conducted with
only one violinist participant, it was very instructive, as the
violinist was able to control the model with the playable

measurement system to easily produce a better sonic result
than was produced using the archived gesture data, even
when the model produced unrealistic damping behavior.

5.1. Archived Performance

The results from the first virtual violin performance experi-
ment, in which the physical model was driven with the ges-
ture data from an archived performance on a real instru-
ment, revealed one very significant point concerning the
behavior of the physical model. Though the gestural per-
formance used to drive the model was that of one downbow
stroke followed by one upbow stroke, the synthesized vio-
lin sound produced failed to exhibit the distinction between
the two strokes that was obvious to the listener in the origi-
nal real audio.

As seen in the waveform of the virtual violin audio dis-
played in Figure 1, the absence of the second attack (of
the upbow stroke) is clear. This analysis indicated that
the physical model implementation had an improper re-
sponse when the speed of the bow was zero (as was the
case at the moment that the bow changed directions be-
tween the downbow and upbow strokes) and the bow force
was nonzero.

In order to validate this assertion, a simple test was con-
structed. The model was once again driven with archived
gesture data, but this time the data were altered so that the
values of the three bowing parameters were held constant
for a duration of one second from the moment of zero bow
speed between the two bowstrokes. The results of this in-
vestigation are shown in Figure 3. As can be seen, a con-
siderable length of time passes (well over half a second) be-
fore the synthesized audio dissipates. Therefore, it appears
that this implementation of the physical violin model does
not exhibit proper damping to emulate that which is typical
to its real instrument counterpart (as seen in the waveform
for the real electric violin in Figure 1). This may possibly
be explained by the fact that the loss filters included in the
model were designed according to decay times measured
from plucked strings rather than bowed strings. Therefore,
the bowing action applied by the player was not properly
represented when estimating decay time. (This issue will
be addressed in future versions of the violin model.)

5.2. Live Performance

The second virtual violin experiment, in which a violinist
was given live control of the model while monitoring the
synthesized sound through earphones, was quite informa-
tive. As shown and discussed above, the violinist playing
the model in realtime was able to achieve a more convinc-
ing performance of the two-bowstroke playing task, due to
the production of a distinct attack for the second stroke not
present in the sound produced using the archived gesture
data.

The success of this live performance serves as a clear il-
lustration of the ability of the violinist to quickly adapt to
the constraints of the virtual violin (as any musician would
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Figure 2. This figure shows the waveforms produced by the
real electric violin, and the three primary bowing parame-
ters that were input to the model by the player. In order to
obtain a distinction between the two bowstrokes, the player
made a significant pause of about one second between the
downbow and the upbow.

performance and then asked to try to imitate it. In the
event that this task was too difficult, the player was asked
to produce the highest quality sound possible with the same
downbow-upbow bowing as in the example.

After listening to the example, the violinist attempted
to imitate both the sound quality and timing of the record-
ing. However, after several attempts, the violinist aban-
doned this approach and continued according to the second
instruction, trying to coax the best sound possible out of the
model with bowstrokes of different lengths and speeds.

5. DISCUSSION

The virtual violin study, though limited in scope, enabled
two discoveries by considering two different cases for driv-
ing the physical model with real player gesture data. The
first experiment, designed using data from an archived ges-
tural performance, addressed the question of whether or not
the virtual violin model responds realistically to calibrated
data extracted from an actual performance by a real player.
Conducting this experiment made it possible to test the re-
sponse of the model to calibrated bowing parameters and
thereby enabled a significant observation concerning the
damping behavior of the violin model, discussed below.

The second experiment was designed to use the bowing
parameters generated in realtime by a violinist (monitoring
the virtual violin sound with earphones) to drive the violin
model, in order to address the question of whether or not the
virtual violin model responds realistically to live control by
a real player. Though this experiment was conducted with
only one violinist participant, it was very instructive, as the
violinist was able to control the model with the playable

measurement system to easily produce a better sonic result
than was produced using the archived gesture data, even
when the model produced unrealistic damping behavior.

5.1. Archived Performance

The results from the first virtual violin performance experi-
ment, in which the physical model was driven with the ges-
ture data from an archived performance on a real instru-
ment, revealed one very significant point concerning the
behavior of the physical model. Though the gestural per-
formance used to drive the model was that of one downbow
stroke followed by one upbow stroke, the synthesized vio-
lin sound produced failed to exhibit the distinction between
the two strokes that was obvious to the listener in the origi-
nal real audio.

As seen in the waveform of the virtual violin audio dis-
played in Figure 1, the absence of the second attack (of
the upbow stroke) is clear. This analysis indicated that
the physical model implementation had an improper re-
sponse when the speed of the bow was zero (as was the
case at the moment that the bow changed directions be-
tween the downbow and upbow strokes) and the bow force
was nonzero.

In order to validate this assertion, a simple test was con-
structed. The model was once again driven with archived
gesture data, but this time the data were altered so that the
values of the three bowing parameters were held constant
for a duration of one second from the moment of zero bow
speed between the two bowstrokes. The results of this in-
vestigation are shown in Figure 3. As can be seen, a con-
siderable length of time passes (well over half a second) be-
fore the synthesized audio dissipates. Therefore, it appears
that this implementation of the physical violin model does
not exhibit proper damping to emulate that which is typical
to its real instrument counterpart (as seen in the waveform
for the real electric violin in Figure 1). This may possibly
be explained by the fact that the loss filters included in the
model were designed according to decay times measured
from plucked strings rather than bowed strings. Therefore,
the bowing action applied by the player was not properly
represented when estimating decay time. (This issue will
be addressed in future versions of the violin model.)

5.2. Live Performance

The second virtual violin experiment, in which a violinist
was given live control of the model while monitoring the
synthesized sound through earphones, was quite informa-
tive. As shown and discussed above, the violinist playing
the model in realtime was able to achieve a more convinc-
ing performance of the two-bowstroke playing task, due to
the production of a distinct attack for the second stroke not
present in the sound produced using the archived gesture
data.

The success of this live performance serves as a clear il-
lustration of the ability of the violinist to quickly adapt to
the constraints of the virtual violin (as any musician would
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Figure 3. This figure shows the effect of holding the bow-
ing parameters constant for a duration of 1 second, at the
point when the speed is zero at the moment of the change
in bow direction. As can be seen in the audio waveform
produced, it takes almost the entire added second for the
amplitude of the sound to decrease to zero, indicating that
the violin physical model does not produce realistic damp-
ing behavior.

with a new real instrument) in order to obtain better per-
formance than created in the offline comparisons. Because
of the innate ability of skilled musicians to compensate for
limitations in their instruments, it is not surprising that the
virtual violin performances produced in these early exper-
iments are more favorable in real-time playing demonstra-
tions than in demonstrations relying on archived data.

6. CONCLUSION

Because the custom bowing system used for this work is
not only a measurement system but is also highly playable,
it can be also used as a real-time controller for a calibrated
physical model of a violin. This application was clearly
demonstrated in the experiment involving live performance
of the model by a real player, in which the player was able
to produce articulated bowstrokes, and, in doing so, was
able to compensate for an apparent inaccuracy in the model.

Clearly much future work lies ahead, as the pilot exper-
iments discussed in this paper represent preliminary steps
toward the validation of both the physical model as well as
the bowing measurement system. Further investigation will
focus on the unrealistic damping behavior observed while
testing the response of the model to real bowing data from
an archived performance. Specifically, the loss filters in the
model will be revised to include more precise decay pa-
rameters for bowed violin strings. Other future work will
include additional studies to explore the ability of the model
and the measurement system to reflect nuances of bowing
technique will be conducted. The measures used in these
studies will include perceptual evaluations (listening tests)
in addition to quantitative assessments. Additionally, the

possibility of integrating both the measurement system as
well as the implementation of the model in one controller
will be explored.
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Figure 2. This figure shows the waveforms produced by the
real electric violin, and the three primary bowing parame-
ters that were input to the model by the player. In order to
obtain a distinction between the two bowstrokes, the player
made a significant pause of about one second between the
downbow and the upbow.

performance and then asked to try to imitate it. In the
event that this task was too difficult, the player was asked
to produce the highest quality sound possible with the same
downbow-upbow bowing as in the example.

After listening to the example, the violinist attempted
to imitate both the sound quality and timing of the record-
ing. However, after several attempts, the violinist aban-
doned this approach and continued according to the second
instruction, trying to coax the best sound possible out of the
model with bowstrokes of different lengths and speeds.

5. DISCUSSION

The virtual violin study, though limited in scope, enabled
two discoveries by considering two different cases for driv-
ing the physical model with real player gesture data. The
first experiment, designed using data from an archived ges-
tural performance, addressed the question of whether or not
the virtual violin model responds realistically to calibrated
data extracted from an actual performance by a real player.
Conducting this experiment made it possible to test the re-
sponse of the model to calibrated bowing parameters and
thereby enabled a significant observation concerning the
damping behavior of the violin model, discussed below.

The second experiment was designed to use the bowing
parameters generated in realtime by a violinist (monitoring
the virtual violin sound with earphones) to drive the violin
model, in order to address the question of whether or not the
virtual violin model responds realistically to live control by
a real player. Though this experiment was conducted with
only one violinist participant, it was very instructive, as the
violinist was able to control the model with the playable

measurement system to easily produce a better sonic result
than was produced using the archived gesture data, even
when the model produced unrealistic damping behavior.

5.1. Archived Performance

The results from the first virtual violin performance experi-
ment, in which the physical model was driven with the ges-
ture data from an archived performance on a real instru-
ment, revealed one very significant point concerning the
behavior of the physical model. Though the gestural per-
formance used to drive the model was that of one downbow
stroke followed by one upbow stroke, the synthesized vio-
lin sound produced failed to exhibit the distinction between
the two strokes that was obvious to the listener in the origi-
nal real audio.

As seen in the waveform of the virtual violin audio dis-
played in Figure 1, the absence of the second attack (of
the upbow stroke) is clear. This analysis indicated that
the physical model implementation had an improper re-
sponse when the speed of the bow was zero (as was the
case at the moment that the bow changed directions be-
tween the downbow and upbow strokes) and the bow force
was nonzero.

In order to validate this assertion, a simple test was con-
structed. The model was once again driven with archived
gesture data, but this time the data were altered so that the
values of the three bowing parameters were held constant
for a duration of one second from the moment of zero bow
speed between the two bowstrokes. The results of this in-
vestigation are shown in Figure 3. As can be seen, a con-
siderable length of time passes (well over half a second) be-
fore the synthesized audio dissipates. Therefore, it appears
that this implementation of the physical violin model does
not exhibit proper damping to emulate that which is typical
to its real instrument counterpart (as seen in the waveform
for the real electric violin in Figure 1). This may possibly
be explained by the fact that the loss filters included in the
model were designed according to decay times measured
from plucked strings rather than bowed strings. Therefore,
the bowing action applied by the player was not properly
represented when estimating decay time. (This issue will
be addressed in future versions of the violin model.)

5.2. Live Performance

The second virtual violin experiment, in which a violinist
was given live control of the model while monitoring the
synthesized sound through earphones, was quite informa-
tive. As shown and discussed above, the violinist playing
the model in realtime was able to achieve a more convinc-
ing performance of the two-bowstroke playing task, due to
the production of a distinct attack for the second stroke not
present in the sound produced using the archived gesture
data.

The success of this live performance serves as a clear il-
lustration of the ability of the violinist to quickly adapt to
the constraints of the virtual violin (as any musician would
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Figure 3. This figure shows the effect of holding the bow-
ing parameters constant for a duration of 1 second, at the
point when the speed is zero at the moment of the change
in bow direction. As can be seen in the audio waveform
produced, it takes almost the entire added second for the
amplitude of the sound to decrease to zero, indicating that
the violin physical model does not produce realistic damp-
ing behavior.

with a new real instrument) in order to obtain better per-
formance than created in the offline comparisons. Because
of the innate ability of skilled musicians to compensate for
limitations in their instruments, it is not surprising that the
virtual violin performances produced in these early exper-
iments are more favorable in real-time playing demonstra-
tions than in demonstrations relying on archived data.

6. CONCLUSION

Because the custom bowing system used for this work is
not only a measurement system but is also highly playable,
it can be also used as a real-time controller for a calibrated
physical model of a violin. This application was clearly
demonstrated in the experiment involving live performance
of the model by a real player, in which the player was able
to produce articulated bowstrokes, and, in doing so, was
able to compensate for an apparent inaccuracy in the model.

Clearly much future work lies ahead, as the pilot exper-
iments discussed in this paper represent preliminary steps
toward the validation of both the physical model as well as
the bowing measurement system. Further investigation will
focus on the unrealistic damping behavior observed while
testing the response of the model to real bowing data from
an archived performance. Specifically, the loss filters in the
model will be revised to include more precise decay pa-
rameters for bowed violin strings. Other future work will
include additional studies to explore the ability of the model
and the measurement system to reflect nuances of bowing
technique will be conducted. The measures used in these
studies will include perceptual evaluations (listening tests)
in addition to quantitative assessments. Additionally, the

possibility of integrating both the measurement system as
well as the implementation of the model in one controller
will be explored.
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Figure 3. This figure shows the effect of holding the bow-
ing parameters constant for a duration of 1 second, at the
point when the speed is zero at the moment of the change
in bow direction. As can be seen in the audio waveform
produced, it takes almost the entire added second for the
amplitude of the sound to decrease to zero, indicating that
the violin physical model does not produce realistic damp-
ing behavior.

with a new real instrument) in order to obtain better per-
formance than created in the offline comparisons. Because
of the innate ability of skilled musicians to compensate for
limitations in their instruments, it is not surprising that the
virtual violin performances produced in these early exper-
iments are more favorable in real-time playing demonstra-
tions than in demonstrations relying on archived data.

6. CONCLUSION

Because the custom bowing system used for this work is
not only a measurement system but is also highly playable,
it can be also used as a real-time controller for a calibrated
physical model of a violin. This application was clearly
demonstrated in the experiment involving live performance
of the model by a real player, in which the player was able
to produce articulated bowstrokes, and, in doing so, was
able to compensate for an apparent inaccuracy in the model.

Clearly much future work lies ahead, as the pilot exper-
iments discussed in this paper represent preliminary steps
toward the validation of both the physical model as well as
the bowing measurement system. Further investigation will
focus on the unrealistic damping behavior observed while
testing the response of the model to real bowing data from
an archived performance. Specifically, the loss filters in the
model will be revised to include more precise decay pa-
rameters for bowed violin strings. Other future work will
include additional studies to explore the ability of the model
and the measurement system to reflect nuances of bowing
technique will be conducted. The measures used in these
studies will include perceptual evaluations (listening tests)
in addition to quantitative assessments. Additionally, the

possibility of integrating both the measurement system as
well as the implementation of the model in one controller
will be explored.
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Figure 3. This figure shows the effect of holding the bow-
ing parameters constant for a duration of 1 second, at the
point when the speed is zero at the moment of the change
in bow direction. As can be seen in the audio waveform
produced, it takes almost the entire added second for the
amplitude of the sound to decrease to zero, indicating that
the violin physical model does not produce realistic damp-
ing behavior.

with a new real instrument) in order to obtain better per-
formance than created in the offline comparisons. Because
of the innate ability of skilled musicians to compensate for
limitations in their instruments, it is not surprising that the
virtual violin performances produced in these early exper-
iments are more favorable in real-time playing demonstra-
tions than in demonstrations relying on archived data.

6. CONCLUSION

Because the custom bowing system used for this work is
not only a measurement system but is also highly playable,
it can be also used as a real-time controller for a calibrated
physical model of a violin. This application was clearly
demonstrated in the experiment involving live performance
of the model by a real player, in which the player was able
to produce articulated bowstrokes, and, in doing so, was
able to compensate for an apparent inaccuracy in the model.

Clearly much future work lies ahead, as the pilot exper-
iments discussed in this paper represent preliminary steps
toward the validation of both the physical model as well as
the bowing measurement system. Further investigation will
focus on the unrealistic damping behavior observed while
testing the response of the model to real bowing data from
an archived performance. Specifically, the loss filters in the
model will be revised to include more precise decay pa-
rameters for bowed violin strings. Other future work will
include additional studies to explore the ability of the model
and the measurement system to reflect nuances of bowing
technique will be conducted. The measures used in these
studies will include perceptual evaluations (listening tests)
in addition to quantitative assessments. Additionally, the

possibility of integrating both the measurement system as
well as the implementation of the model in one controller
will be explored.
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Figure 3. This figure shows the effect of holding the bow-
ing parameters constant for a duration of 1 second, at the
point when the speed is zero at the moment of the change
in bow direction. As can be seen in the audio waveform
produced, it takes almost the entire added second for the
amplitude of the sound to decrease to zero, indicating that
the violin physical model does not produce realistic damp-
ing behavior.

with a new real instrument) in order to obtain better per-
formance than created in the offline comparisons. Because
of the innate ability of skilled musicians to compensate for
limitations in their instruments, it is not surprising that the
virtual violin performances produced in these early exper-
iments are more favorable in real-time playing demonstra-
tions than in demonstrations relying on archived data.

6. CONCLUSION

Because the custom bowing system used for this work is
not only a measurement system but is also highly playable,
it can be also used as a real-time controller for a calibrated
physical model of a violin. This application was clearly
demonstrated in the experiment involving live performance
of the model by a real player, in which the player was able
to produce articulated bowstrokes, and, in doing so, was
able to compensate for an apparent inaccuracy in the model.

Clearly much future work lies ahead, as the pilot exper-
iments discussed in this paper represent preliminary steps
toward the validation of both the physical model as well as
the bowing measurement system. Further investigation will
focus on the unrealistic damping behavior observed while
testing the response of the model to real bowing data from
an archived performance. Specifically, the loss filters in the
model will be revised to include more precise decay pa-
rameters for bowed violin strings. Other future work will
include additional studies to explore the ability of the model
and the measurement system to reflect nuances of bowing
technique will be conducted. The measures used in these
studies will include perceptual evaluations (listening tests)
in addition to quantitative assessments. Additionally, the

possibility of integrating both the measurement system as
well as the implementation of the model in one controller
will be explored.
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Comment by Mary Simoni: 
In this article, John Chowning offers a 
concise first-person account of key mile-
stones in computer music while highlight-
ing emerging research areas. Drawing 
from computer science, music theory, 
mathematics, signal processing, and psy-
choacoustics, he explores the complexity 
of musical representation—particularly 
temporal and spectral aspects—by linking 
early signal flow diagrams in Music-N/
Csound to Max/MSPʼs programming 
environment. He also emphasizes the 
value of intermodal learning, such as 
integrating sight and sound. This article is 
essential reading for students of sound 
synthesis, electroacoustic musicology, or 
composition.

***********************************************************************************

Post scriptum by John Chowning
Reflecting on my 2007 article, I did not 
predict the current explosion of interest in 
AI within todayʼs music scene, encom-
passing not just electroacoustic music, 
where the more “tech-minded” are found.  
Having “grown up” in John McCarthyʼs AI 
Lab beginning in 1964, I take a somewhat 
circumspect view of AI and music—he 
coined the term Artificial Intelligence. To 
be sure, AI can accomplish many things, 
such as music and information retrieval. 
However, in my own experience, it is still 
far from having the same creative power 
in music composition as seen in language, 
credible stories, and poetry. The reason 
may be that large language models, 
poetry, and stories share the same ab-
stract territory or domain. In contrast, the 
waves that enter our ear canals can be 
several abstractions away from composi-
tional ideas—» aesthetics —» notation—» 
instrumentation—» performance—» sound 
waves, where "aesthetics" is the most 
significant abstraction in the train and 
difficult to understand and implement in 
code.
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