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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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Fifty years of computer music: Ideas of 
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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→in-
strumentation→performance→sound 
waves, where "aesthetics" is the most 
significant abstraction in the train and 
difficult to understand and implement in 
code.

miriam akkermann
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