
Improvements to a Multi-Modal Playback Device for Violin Sounds

Friedrich Beyer, Tom Wühle, M. Ercan Altinsoy
Institute of Acoustics and Speech Communication, Chair of Acoustics and Haptics, TU Dresden

E-Mail: friedrich.beyer@tu-dresden.de

Introduction
As with most musical instruments, playing a violin is a
multimodal experience that combines auditory and vi-
brotactile sensation. The sound of the violin is perceived
by the musician through the air, while the vibrotactile
feedback is provided by the three physical contact points
with the instrument: left hand, chin and shoulder. Play-
ing the instrument with a bow adds another contact point
at the right hand, which is, however, excluded from the
scope of this study – as is common in violin perception
studies (e.g. [1, 2]).

Previous studies have revealed that the perceived vibra-
tions at a violin have a strong influence on players’ quality
perception of the instrument and on the ratings of a num-
ber of perceptual attributes (e.g. responsiveness) [1–5].
In these studies, a distinction was usually made between
conditions with and without (or masked) or normal and
amplified tactile feedback.

In a current research project, the influence of vibrations
is being investigated in greater detail, with the focus on
spectral variations of the vibration signals. This research
is based on an instrument that has the ergonomics of a
classical violin, but is able to control sound and vibra-
tion independently of each other – in the following re-
ferred to as Audio-Tactile Feedback-Adaptable Vi-
olin (ATaFAVi).

In an early phase of the project, the ATaFAVi will be
used as a playback device, where the instrument is held
in playing position while audio-tactile stimuli are repro-
duced. Later, interactive experiments are planned in
which the subjects are actually playing the ATaFAVi.
Therefore, the vibration signal needs to be processed in
real-time.
The ATaFAVi will be based on an electric violin, pro-
viding the same geometry as classical instruments, while
at the same time having a reduced inherent sound emis-
sion. It will be equipped with one or more vibration
actuators to generate the intended vibrations at the con-
tact points. Throughout the project, the audio feedback
will be provided via headphones to keep the complexity
within limits.

A previous study [6] presented a proof of concept for
such a setup reproducing multimodal playback scenes.
The findings of acceleration measurements and subjec-
tive tests demonstrated the concept’s efficacy to a certain
extent, despite the fact that the setup was fairly simple
(e.g., only a single actuator was used). The measure-
ments in that study used a uni-axial acceleration sen-
sor. In the subjective test, subjects had to decide in a
blindfolded test whether a stimulus was a multimodal
reproduction by the ATaFAVi prototype, or whether it

was played with a bow by the experimenter. The in-
strument was held in playing position all the time, and
the real-played and reproduced stimuli were presented in
randomized order.
The interviews following the subjective tests revealed cer-
tain shortcomings of the setup described in [6]. For in-
stance, one subject reported that the real-played stimuli
were felt stronger in the shoulder compared to the re-
produced ones. Another statement was that real-played
stimuli seemed to be closer to the subject. These ef-
fects are likely a consequence of lower vibration levels at
the shoulder contact point in the reproduction scenarios.
This resulted from the setup with only a single actuator
that was attached to the instrument’s headstock, a loca-
tion distant from the shoulder and chin contact points.
The present study, investigated a setup that included
three actuators rather than one. The implications of this
design are assessed in the following sections.

Setup
The setup was based on the setup discussed in [6]. The
same classical violin was used, and the Tactile Labs
MCC-1 actuator at the headstock was kept in place.
Two additional actuators of the same type were attached
to the chin rest and shoulder rest, respectively. Conse-

Figure 1: A classical violin was the measurement object.
It was equipped with three actuators glued to the head-
stock, the chin rest, and the shoulder rest in proximity
with the actual contact points. For the measurements,
tri-axial acceleration sensors were placed at the contact
points.

quently, an actuator was mounted in proximity to each of
the contact points and each actuator thus corresponded
to one of the three contact points. Therefore, a key ques-
tion was, how much each of the actuators affected the
contact points that were not associated with it, also re-
ferred to as cross-talk.
The actuators were controlled by a Digital Audio Work-
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station (DAW). A FreeDSP infinitas acted as multichan-
nel audio interface and a 4-channel FreeDSP Amp-X4
digital amplifier was used to drive the actuators.
Three MMF KS903B.100 tri-axial acceleration sensors
were glued to the instrument at the contact points. The
sensors were not aligned to a global coordinate system
and the axis names of the sensors refer to the sensors’ in-
herent coordinate systems. Hence, the axis names in the
Results-section are not of great importance. The axes
itself were, nevertheless, approximately aligned to each
other, i.e., they were all in parallel and perpendicular.
The acceleration signals were recorded in HEAD Acous-
tics Artemis Suite Recorder using a HEAD Acoustics
LabCOMPACT24 measurement frontend.

Filter Design
At first, equalization filters were designed for each actu-
ator. This compensated the influence of the signal chain
including the actuators, but also equalized the transfer
path to the actual contact point. Therefore, log-sweep
measurements were made, and an inverse filter was re-
trieved from the transfer functions (TRFs) from excita-
tion signal to the acceleration at the contact points.
In the current setup, it was possible to equalize one
vibration axis only. Consequently, the most dominant
axis during normal playing was selected for each contact
point. The two remaining dimensions of the vibration
signals were not taken into account here. This led to a
second key question within the present study: to what
extent does equalization work for the two non-equalized
channels at the same contact point.

Procedure & Analysis
After the initial filter design, measurements were made
with one actuator active at a time. The excitation sig-
nals were again logarithmic sweeps (20Hz to 20 kHz). In
order to analyze the results, the TRFs between the exci-
tation signal and the nine measured acceleration signals
(three acceleration axes at three contact points) were cal-
culated. The acceleration results were thus normalized to
the excitation signal. The TRF was based on the aver-
aged FFTs (16384 samples, 50% overlap, Hanning win-
dow) of the excitation and sensor signals, respectively.
An acceleration signal that was matching the target sig-
nal at the regarded contact point, thus, resulted in a flat
(constant) TRF curve. As the levels were adjusted be-
forehand, this curve must be located at 0 dB for perfect
recreation of the target. This representation of the re-
sults revealed information about the spectral influence of
the transfer path as well as its inherent level attenuation.
During the analysis, a limited frequency range was evalu-
ated. The low end was aligned to the lowest fundamental
frequency of a violin (G ≈ 196Hz) rounded off to 100Hz.
The upper end was defined to be 1 kHz, above which the
vibration amplitudes can be assumed to fall below the
perception threshold of the skin [7].

Results
The results are displayed in Figure 2. All the three sub-
figures (2a to 2c) consist of three rows, each representing
the results measured at one specific contact point (first
row: hand, middle row: chin, bottom row: shoulder).

(a) Active hand actuator

(b) Active chin actuator

(c) Active shoulder actuator

Figure 2: TRFs between excitation signal (log-sweep)
and the nine acceleration signals (3 tri-axial sensors),
when excited with (a) the hand actuator, (b) the chin
actuator, or (c) the shoulder actuator. Each sub-figure
contains three plots arranged in rows, each depicting the
results measured at one contact point: hand (first row),
chin (middle row), shoulder (bottom row).
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Each sub-figures displays the results for a specific mea-
surement. In each measurement, only one of the three
actuators was active.
Figure 2a depicts the TRFs when only the hand actua-
tor was used. It can be seen that the z-channel in the
first row is closely matching the target spectrum (approx.
0 dB over the whole respected frequency range). The
other two curves in this sub-plot, which belong to the
other two dimensions (x and y) of the same sensor, are
found to deviate significantly from the target (at some
frequencies more the 20 dB). Therefore, it can be con-
cluded that the equalization of the z-axis did not have a
positive effect on the other two channels. Especially, in
instances when the TRF of the x- or y-channel exceeds
the TRF of the z-channel, the contribution to the over-
all vibration is not dominated by the previously selected
z-channel in that frequency range any longer. Hence, at
least in this case, the influences of these channels must
be taken into account.
Comparing the results measured at the other two con-
tact points, that were not corresponding to the active
hand actuator, revealed that the vibration magnitudes
were slightly attenuated for most of the frequencies. Es-
pecially, for the measurements at the chin rest (mid-
dle row), attenuation was observed for all three dimen-
sions for all frequencies except some characteristic peaks.
Above 700Hz the TRFs measured at the chin dropped
to below 20 dB. In addition, the three curves were not
flat, indicating a spectral shaping by the transfer path
that was not equalized. However, they are flatter than
the curves of the two non-equalized channels of the hand
sensor.
Similar results are depicted in the bottom row showing
the results measured at the shoulder. For a wide range of
frequencies the TRFs were moderately attenuated, dis-
rupted by a number of peaks reaching 0 dB and above.
These peaks are at the same frequencies as the peaks that
were seen in the results of the chin contact point, indi-
cating resonances that are bound to the location close to
the lower end of the violin, where chin rest and shoulder
rest are attached. Above 700Hz, the TRF curves do also
drop, but not as drastically as at the chin. All in all, the
z-channel of this sensor showed a low attenuation over a
wide frequency range.
In summary, strong cross-talk from the hand actuator
into the two other contact points was observed.

The results of the measurement with an active chin ac-
tuator are plotted in Figure 2b. Here, the y-axis of the
chin sensor was equalized, as can be seen in the middle
row.
Examining the middle row of the graph reveals that the
two non-equalized axes are closer to the target compared
to the results of the active hand actuator (2a). Hence, in
this case the equalization affected the two non-equallized
axes not as negatively. However, also here the deviations
from the target are up to 15 dB for some frequencies, sup-
porting the idea of using a different optimization metric
in the future.
With respect to the results measured at the hand contact
point, it is evident that the vibrations were highly atten-

uated by more than 20 dB for most frequencies. Com-
paring this to the results with the hand actuator active,
apparently, no reciprocity was given between the two
transfer paths (hand-chin and chin-hand). This can be
attributed to the placement of the actuators, which were
attached to the instrument not directly at the contact
points. Instead, they were positioned a small distance
from these points, in order to avoid disturbing the play-
ers during playing. Thus, the two transfer paths were
not identical and therefore not reciprocal.
The vibrations measured at the shoulder contact point
when excited at the chin rest are found to be attenuated
as well, but less strongly compared to the results at the
hand sensor. This was certainly caused by the proximity
to the actuator. As chin and shoulder rest lay close to
each other, the transfer paths between both points are
shorter than between chin and hand point, and therefore
insert less damping. Compared to the results with an
active hand actuator, the damping seems to be stronger
in this case as well.

Finally, the results of the measurement when only the
shoulder actuator was used are depicted in Figure 2c.
Again, only one channel, the y-channel of the shoulder
contact point (bottom row) could be equalized. The non-
equalized x- and z-channels of that sensor showed rela-
tively flat but more attenuated TRF curves. Since they
were attenuated by at least 10 dB compared to the equal-
ized channel, no significant contribution to the overall
acceleration RMS value is to be expected. Hence, they
could be neglected in this particular case.
The shoulder actuator excited the two other contact
points (hand [top row] and chin [middle row]) even less
compared to the active chin actuator (in 2b). The trans-
fer path to the hand contact point showed an attenuation
of more than 30 dB over the entire frequency range of in-
terest and the one to the chin contact point inserted an
attenuation of more than 20 dB for most of the frequen-
cies. Hence, cross-talk is not relevant in this case.

Discussion
The excitation at the neck, or more precisely at the head-
stock, induced vibrations in all three contact points to a
significant extent. In contrast, the excitation at the chin
and shoulder contact points, respectively, did apply less
cross-talk to the non-corresponding contact points.
Even though, there was strong cross-talk from the hand
actuator to the non-corresponding contact points, it can
be decided that the actuators can be placed and used
as demonstrated in this work. Additionally, applying a
cross-talk cancellation algorithm is concluded to be not
necessary. This conclusion is attributed to two main rea-
sons: Firstly, the hand contact point is more sensitive
to vibrations in comparison to the other contact points.
Consequently, cross-talk into the hand point from the
other actuators would be more critical. However, as
shown above, significant cross-talk was reported to oc-
cur only in the other way around. This is, the less sen-
sitive, and therefore perceptually less important, body
parts were excited from the hand actuator. This can be
acceptable.
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Secondly, throughout the current research project, corre-
lated target signals will be applied to all contact points
concurrently. The spectral contents and the signal shapes
themselves will not differ between the contact points,
apart from changes in level. Provided that the levels
at the chin and shoulder contact points, evoked by the
hand actuator, do not exceed the target levels at these
points, no further measures are required. The chin and
shoulder actuators can therefore be utilized as support-
ive actuators to compensate negative deviations from the
target signals.
If the hand actuator evoked levels that were already
higher than the expected targets at these contact points,
it would be feasible to insert damping materials between
the violin and the chin and shoulder rest, respectively.
This is a viable option, given that both components are
removable auxiliary parts, that are not permanently con-
nected to the ATaFAVi. In the event that the discrep-
ancy from the target persists, repositioning the actuator
at the headstock can be considered as well, although it
is not anticipated to be a necessary measure in this par-
ticular instance.

It was further shown that, in all cases, only one of the
three vibration axes could be equalized in an optimal
manner. Specifically, at the hand contact point, where
the actuator was placed at the headstock, the two non-
equalized axes exhibited substantial deviations from the
target. At some frequencies the non-equalized channels
even exceeded the levels of the equalized channel and
thus contributed to the overall vibration more than the
channel that was assumed to be the most dominant one.
Similar patterns were observed in the measurements us-
ing the other two actuators, however, with fewer devia-
tions from the target.
As a consequence, in the future, the transfer paths be-
tween actuator and all three corresponding vibration axes
are to be incorporated during equalization. Given that
vibration direction is not distinguishable by humans, this
can be achieved by using the RMS combinations of the
three axes, as suggested in [8].

Conclusion
In the present study, a classical violin was equipped with
three vibration actuators, extending the setup used in a
previous study. Each actuator was positioned such that it
corresponded to one of the three contact points between
player and violin (left hand, chin, shoulder). Three tri-
axial acceleration sensors were used in the measurements,
one at each of the contact points. Three measurements
were made with one active actuator at a time.
The cross-talk between each actuator and the contact
points that were not associated with the active actua-
tor was evaluated. The findings indicated that the in-

fluence of the actuators corresponding to the chin and
shoulder contact points did not significantly impact the
other points. In contrast, the hand actuator exhibited
a substantial influence on the contact points located at
the chin and shoulder rest. This influence was deemed
tolerable, as it is present at contact points with lower vi-
bration sensitivity, and additionally, as correlated signals
are to be used at all contact points.
Finally, it was discussed, that in future applications, not
only one of the acceleration axes should be taken into ac-
count for actuator equalization, but all three axes should
be considered.
This work is the basis for the finalization and subsequent
enhancements of the ATaFAVi, in addition to a series
of subjective studies addressing vibration perception and
the perceived quality of violins.

Acknowledgments
This project is funded by the Deutsche Forschungs-
gemeinschaft (DFG, German Research Foundation) -
493698227.

References
[1] Wollman, I. et al.: Influence of vibrotactile feedback

on some perceptual features of violins. J. Acoust. Soc.
Am. 136.2 (Aug. 2014), pp. 910–921

[2] Wollman, I. et al.: Investigating the Role of Auditory
and Tactile Modalities in Violin Quality Evaluation.
PLOS ONE 9.12 (2014).

[3] Saitis, C. et al.: Perceptual evaluation of violins: A
psycholinguistic analysis of preference verbal descrip-
tions by experienced musicians. J. Acoust. Soc. Am.
(2017), pp. 2746–2757

[4] Fritz, C. et al.: A situated and cognitive approach
of violin quality. Proceedings of 20th International
Symposium on Music Acoustics. (2010)

[5] Flückiger, M.: Vibrotactile Feedback in Piano and
Violin Playing: Actuation, Interaction, and Sensa-
tion. Doctoral Thesis. ETH Zurich, (2018)

[6] Beyer, F. et al.: Muli-Modal Playback Device for Vi-
olin Sounds. Proceedings / Tagungsband Fortschritte
der Akustik - DAGA 2024. (2024)

[7] Askenfelt, A. et al.: On Vibration Sensation and Fin-
ger Touch in Stringed Instrument Playing. Music Per-
ception 9 (1992), pp. 311-449

[8] Landin, N. et al.: Dimensional Reduction of High-
Frequency Accelerations for Haptic Rendering. In:
Haptics: Generating and Perceiving Tangible Sensa-
tions. Ed. by Kappers, A. M. L. et al., Springer Berlin
Heidelberg, Berlin, Heidelberg: 2010, pp. 79–86

DAS|DAGA 2025 Copenhagen

656


