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ABSTRACT 
This paper details the design and implementation of an 
augmented violin shoulder rest that uses two voice coils to 
generate haptic feedback. To our knowledge, this is a new 
means of providing a violinist haptic feedback coupled to 
live digital audio processing during performance. The pro-
ject follows trends in development of rich multimodal in-
terfaces and is motivated by an enactive theory of cogni-
tion in which embodied sensorimotor action-perception 
feedback loops are understood to be generative of cogni-
tion. A shoulder rest is an ideal candidate for introducing 
haptic feedback in augmented violin performance. The 
haptic shoulder rest is used in tandem with hardware and 
software systems, also described in this paper, previously 
developed by the first author for augmented violin perfor-
mance. Digitally processed audio signals generated by the 
system are sent to the shoulder rest in order to haptically 
couple it with the overall sonic dynamics of the system. 

1. INTRODUCTION 
By recovering neglected relationships with the human 
body and physical world, contemporary design techniques 
for digital musical instruments (DMIs) have responded to 
earlier critiques about disembodiment in computer music. 
Set against a much longer backdrop of industrialization, 
the incipient period of DMI design was dominated by a 
controller/generator metaphor in which gestures of effort 
are exchanged with those of control [1]. According to 
Perry Cook, the bifurcation of control elements and gener-
ative or synthesis elements in DMIs produces a sense that 
“no meaningful physics goes on in the controller” [2]. On 
his account, the loss of intimacy is threefold: haptic feed-
back is lacking, delays and distortions impair gesture re-
sponse, and no sound emanates from the instrument’s 
body. 

Cook uses the term “remutualizing” to describe the pro-
cess of improving the impoverished physics of first gener-
ation DMIs. In this paper, we leverage this idea in order to 
identify areas for improvement in an ongoing augmented 
violin project by the first author. This led us to develop a 
violin shoulder rest outfitted with voice coils that provides 
haptic feedback to the violinist. While this instrument fits 
into the class of “augmented” instruments, we prefer to 

describe the instrument as “hybrid” in order to downplay 
the conceptual distinction between its acoustically and dig-
itally generative features. The challenge, then, is to find 
ways to shore up this conceptual unity with rich and mean-
ingful physics for the performer. 

2. THE HYBRID VIOLIN 

 
Figure 1: The first author performing the hybrid violin 
at ACM TEI 2019, Tempe, AZ. 

1.1 A Personal Instrument Paradigm 

The first author’s hybrid violin project is ongoing and 
builds on earlier work, including a custom data glove con-
troller, the alto.glove, that tracks salient features of violin 
playing [3], as well as several generations of software writ-
ten for it (Transference, Windowless) [4]. The most recent 
software, Transference, is implemented in Max for Live 
(M4L). Explorations with electromyographic sensors for 
tracking left hand movements have also been attempted 
but over time have proven less satisfying. In general, it 
seems that the right hand is a better candidate for tracking 
than the left, insofar as it provides a primarily excitatory 
rather than modulatory gesture [5]. 

This project takes a different approach to augmentation 
than other efforts in the literature [6, 7]. In particular, the 
hybrid violin can be considered a “personal” instrument 
insofar as the feature construction in the software is not 
based on an a priori model of violin bowing gesture for 
classification (detache, marcatto, spicatto, etc.) but on ex-
perimental, continuously revised construction of novel 
feature vectors. In addition, these altogether less-catego-
rized, semantically shallow tracking techniques are co-de-
veloped with new sonification methods ad libitum, a situ-
ation afforded by working with low-level control and au-
dio signals at once in the M4L environment. Continuous 
tinkering and revision of the instrument over time suggests 
a paradigm of instrument augmentation that makes no 
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claim to universal or scientific validity. Because of this—
not despite it—the hybrid violin demonstrates highly re-
fined instrumental dynamics [8]. 

1.2 Mapping and Audio Processing Techniques 

 
Figure 2: The M4L module used to map alto.glove fea-
tures to audio processing. 

The first author has developed a variety of techniques for 
mapping violin gesture to audio processing. This section 
elaborates techniques used in a recent performance by the 
first author at the 2019 ACM TEI conference in Tempe, 
AZ.1 Table 1 sketches some of these techniques. 
 
State/Time Features 
1 (0:00) Pizzicato: live granulation 

Sustained bow: noise + reverb. 
Bow changes: spectral freeze 

2 (1:38) Pizzicato: harmonization + reverb. 
Sustained bow: pulsar + resonant filters 
Bow changes: live sampling 

3 (3:32) Pizzicato: mix of live granular and pitch-
tracking driven glisson synthesis 
Motion: resonant bandpass filtered im-
pulses 
Sustained bow: harmonization, signal 
chopping 

4 (5:16) Sustained bow: harmonization; noise + re-
verb. 
Bow changes: spectral freeze with inde-
pendent amplitude envelope + FX 
Bow velocity: live granular looping modu-
lated with rapid octave shifting 

 
Table 1. System states and transition times in Transfer-
ence performance at ACM TEI, March 2019. 
 
The IMU, flex sensors, and force-sensitive resistors 
(FSRs) built into the alto.glove permit tracking of various 
aspects of bowing, such as the angle of the bow, string 
crossing (reflected by gyroscopic x axis), bowing velocity 
(gyroscopic z axis), wrist angle (wrist flex sensor), and piz-
zicato technique (flex sensor on fourth finger, indicative of 
grip on bow and horizontal pivoting). The addition of two 
small FSRs near joints of the thumb and index finger per-
mit voluntary actuation of various features, with the FSR 
on the thumb used to move between system presets, and 

                                                
1 Video of the performance can be found at this link: 
https://vimeo.com/325537098 

the functionality of the FSR on the index finger specified 
in individual presets. 

Rapid mapping and tuning of instrument dynamics is fa-
cilitated by an M4L module that was developed by the first 
author to make the mapping process more fluid (see Figure 
2). Some of these mapping techniques, generalized in eval-
uation of the system in actual performance post facto, are 
outlined below. 

1.2.1 Temporalized Bow 

Changes in bowing direction are indicated by sign changes 
of the gyroscopic z-axis. These changes reset a timer meas-
uring the duration of the current stroke. This feature can be 
mapped to various parameters by selection in the M4L 
module and tuning of the temporal dynamics of the result-
ing control signal, including attack and decay or other mor-
phological transformations. The amplitude gains of differ-
ent effects gradually increase and/or are modulated as the 
bow is drawn. In the software, these transformations are 
often depicted metaphorically, e.g., the gradual addition of 
a signal pitch-shifted down an octave is called “cello bow.” 

1.2.2 Autonomous Bow 

Infinite compression applied to the input signal is some-
times employed in discrete sampling processes in Trans-
ference. As a technique, embracing the ecological context 
of performance in this way also bypasses the need to use a 
noise gate with an arbitrarily fixed threshold to attempt to 
distinguish between signal and noise (i.e., between violin 
event and environment or arena.) Granular buffers, loop-
ers, and spectral freezes used in the system can take audio 
input from this compressor. One use is to map changes in 
bowing direction, after a brief delay, to the triggering of a 
spectral freeze. Amplitude and tremolo rate of the cutoff 
frequency of a low-pass filter on the resynthesized sound 
are modulated by bowing velocity. Both effects operate in-
dependently of sonic input from the violin, with the result 
that the captured sound can continue to be gesturally 
“bowed” independently of the actual physical excitation of 
the violin. The violinist can use left-hand pizzicato tech-
nique to excite the violin while the right hand initiates the 
spectral freeze and modulates the transformational dynam-
ics. Noise gating on an uncompressed input signal can op-
tionally be used in order to more closely couple the spec-
tral freeze event with actual bowing of the acoustic violin. 

1.2.3 Periodicity / Accumulation 

The first author has found discrete changes between up and 
down bows to be the most salient event for detection by 
the system, with other couplings based predominantly on 
continuous response to gestural input and nuance rather 
than discrete Boolean logics [9]. Another exception is the 
second-order calculation of rhythm or periodicity, which 



 

 

is generated by statistical comparisons of current and pre-
vious bow strokes, entraining the system to meso-temporal 
rhythmicity. These calculations might control tremolo or 
sampling rates of signal choppers or granulators, with 
other features coupled to continuous gestural input. 

1.2.4 Gestural Nuance / Immediacy 
 

Perturbation of textures generated by the system through 
coupling to continuous input gesture yields micro-tem-
poral responsivity and a tactile-like feel for the performer. 
A dramatic example is the use of a granular buffer that 
continuously captures signal input from the violin. The 
playback speed of the buffer is modulated by bowing ve-
locity and tuned in octave intervals from -84 to 84 semi-
tones, allowing 15 possible discrete pitch/speed states (see 
Figure 2, a screen capture of this mapping). The input sig-
nal is passed through a harmonizer and down-sampled in 
order to thicken the sonic material and add high frequency 
content. The bowing velocity is scaled and clipped in order 
to be sensitive to very fine bow nuance, so that subtle 
changes in speed quickly sweep through the pitch/speed-
modulated playback of the buffer. Bowing velocity also 
controls the amplitude of the signal captured by the buffer, 
and a low-frequency shelf EQ enhances the bass output 
from the chain of effects. 

3. SHORTCOMINGS 
This section reflects on the shortcomings of first genera-
tion DMIs identified by Cook (lack of sound from instru-
ment body, delayed and distorted gesture response, and 
lack of haptic feedback) and applies these criteria to the 
hybrid violin while reflecting on potential solutions. We 
also discuss ways in which these benchmarks might be un-
derstood differently or reinterpreted vis-à-vis the unique 
case of the hybrid violin. 

1.3 Resonant Body 

Integrating an amplified speaker into body of an instru-
ment in order to imbue it with physical meaning, coupled 
input and output dynamics, and haptic feedback, is unten-
able in the case of the hybrid violin. Notable redesigns of 
the violin’s resonant body exist that preserve its playing 
dynamics, from the Stroh Violin to Laurie Anderson’s 
quixotic inventions. However, as described in more depth 
later in this article, the voice coils used in the shoulder rest 
generate near-field, high frequency sound. Due to the lo-
cation of the exciters under the body of the violin, and with 
appropriate high-pass filtering, feedback through the lapel 
microphone attached near the violin’s bridge does not be-
come problematic. This outcome is much more convincing 
than the compromise of merely placing an amplifier near 
the violinist. 
                                                
2 Note Meyer Sound’s “Constellation” system in this context. 
3 The terms “event” and “stage” here refer to Simon Emmerson’s spa-
tial “frames” (event/stage/arena/landscape) [11]. These help to articulate 
what has changed with the multichannel hybrid violin. Emmerson’s in-
tention is not to reinstate a normative scaffolding for performance, but 
to provide an analytical tool by which to understand the impact of the 

But the hybrid situation implies that more is at stake than 
gratifyingly resonant instrumental dynamics. Transference 
produces rich multichannel sound. This suggests that the 
physics in play are instrument acoustics no less than room 
acoustics: Transference may not be so much about rewrit-
ing the physics of the violin as it is about overwriting the 
material acoustic affordances of resonant space with digi-
tal logic.2 The hybrid violin is indeed physically respon-
sive, but responsive in a way that exceeds the paradigm of 
a spatially monadic instrument. This is an “immersive vi-
olin” in the sense described by Dan Trueman [10]. The 
“schizophonic” situation—to deploy R. Murray Schafer’s 
neologism in a different way—of an acoustic event taking 
place in the violinist’s hands while the computationally 
prolonged, digitally reflective room acoustics ambiently 
take place on the stage is, according to the first author’s 
experience with the haptic-feedback shoulder rest, less dis-
crepant with use of the haptic shoulder rest.3 

1.4 Delay and Distorted Response 

With the alto.glove and Transference, distortions are min-
imized by keeping up with the glove signals in real-time 
(where appropriate) as much as possible in much of the 
signal processing. This is realized through general avoid-
ance of statistical processes, windowing, or machine learn-
ing classification [3, 4, 8], thereby generating a fine grain 
through reliance on semantically shallow signal pro-
cessing. 

While minimal latency is critical to the success of any 
DMI, in the context of hybrid performance the acoustic in-
strument maintains its natural dynamics, while digital ef-
fects and processing are added to and driven by the acous-
tic signal and/or control signals from sensors. As sug-
gested above, this creates a situation in which delay might 
be an intrinsic and even desirable feature of a system that 
changes not only the physics of the instrument, but also 
provocatively reimagines the physics of the environing 
space. 

1.5 Haptic Feedback 

By shoring up the conceptual integration of acoustic and 
digital elements with a materially unified haptic response, 
the hybrid violin benefits from the haptic feedback added 
by our shoulder rest.4 Moreover, following the enactive 
theory of cognition [13], increasing the multimodal dimen-
sionality and integration of the hybrid violin should also 
enhance its performability. In addition to the digitally pro-
cessed sound diffusing from ambient sources beyond the 
immediate event of the instrument, the voice coils in the 
haptic shoulder are coupled to the total sonic output of 
Transference during performance. 

reordering and material fluidity of these frames in electrically or compu-
tationally mediated environments. 
4 To be accurate, haptic information includes both tactile and kines-
thetic channels [12]. In the case of a sedentary shoulder rest, the tactile 
channel (cutaneous sensitivity) is in play, while kinaesthetic perception 
(proprioception) is not. 



 

 

Adding haptic feedback in this way brings the project 
into the orbit of other projects that have made vibro-tactil-
ity thematic in string playing, including the vBow [14], the 
virtual cello-like controller [15], and the BoSSA [2]. To 
our knowledge, ours is the first attempt to “remutualize” 
an augmented violin. 

 

 
Figure 3: An unmodified shoulder rest attached to the 
backside of a violin. 

4. WHY A SHOULDER REST? 
A wide variety of shoulder rests are currently marketed to 
violinists. Considered in the context of the 500-year his-
tory of the violin, the shoulder rest is an incipient contrap-
tion, its purpose being to raise the violin slightly in order 
to afford a more ergonomic hold of the violin between the 
chin and the collarbone, and to provide greater freedom in 
positional shifting by the left hand [see Figure 3]. Para-
phrasing Nietzsche’s genealogical dictum that nothing 
with a history can be defined, to this short list of purposes 
we add: digital hybridization. 

Whether a violinist should make use of a shoulder rest 
at all is topical, with an older generation of virtuosi often 
advocating for direct contact of the violin with the collar-
bone, and a more contemporary consensus (more or less) 
that different body types (such as endomorphic, mesomor-
phic, or ectomorphic) require different setups to effec-
tively minimize tension in the neck and shoulders. The ar-
gument against the shoulder rest may be in part based on a 
romanticism that, in playing the violin, “the violin be-
comes part of your body” [16]. In the context of this paper, 
the denotative meaning of that statement is obviously well-
founded on principles with profound consequences for the 
experiential quality of DMIs in performance. Physical vi-
bration of the instrument is a rich source of feedback for 
the performer. Nevertheless, only negligible haptic infor-
mation is derived from the base of the violin in contact 
with the body, whether this involves use of a shoulder rest 
or not. By contrast, the fingertips, which are highly sensi-
tive to haptic information [17], garner a great deal of feed-
back from the neck and strings of the violin as well as from 
the bow [15]. 

In the case of the hybrid violin, an intermediary shoulder 
rest provides a unique opportunity to reintroduce haptic 
feedback coupled to the sonic output of Transference. The 

shoulder rest provides an elongated and gently curved sur-
face covered with a dense piece of foam or neoprene. The 
pad runs across the shoulder, collarbone and/or upper rib 
cage. This contouring allows broad contact with the body. 
Coupled to the body of the violin and held in place by the 
friction of rubber-coated feet, a shoulder rest is an ideal 
candidate for haptic augmentation, as it requires no modi-
fications to the violin itself. 
 

 
Figure 4. A small exciter mounted to the underside of a 
shoulder rest. 

5. MATERIALS & DESIGN 
Implementing the haptic shoulder rest involved simple 
modification of an Everest EZ-4A Violin Shoulder Rest. 
This model was chosen because of its low cost, excellent 
grip, and popularity. Made of plastic, it is easily etched and 
engraved, and the smooth slope and flatness of its under-
side makes it a better candidate than more ornate or em-
bossed designs (such as the Kun Shoulder Rest), which 
also tend to be more expensive. 

Two flat surfaces at opposite ends of the shoulder rest 
were etched using a 1+1/8” Forstner drill bit, which is 
slightly larger than the full diameter of the exciters. Two 
Dayton Audio DAEX13CT-4 Coin Type exciters were 
then fixed in place using the preinstalled 3M adhesive. 
During this process it was discovered that the foam on the 
shoulder rest could be peeled back and reapplied without 
damage, thus allowing more rigorous machining. Two 
small holes were drilled near the exciters to route their 
leads to a 1/8” TRRS jack mounted at the end of the shoul-
der rest. The exciters were chosen because of their 4-ohm 
impedance and 3-watt rating, which makes them pair well 
with a small Class D amplifier. We chose a breakout board 
produced by Adafruit that uses a MAX9744 amplifier with 
a spread spectrum modulation feature that helps to mitigate 
RF that could emanate from the long speaker wires (and 
potentially interfere with the WiFi connection to the 
alto.glove). Coupled with a 5-volt supply, the amplifier 
produces two channels of audio output, each with up to 3.7 
watts of continuous power at 4 ohms. The use of 28 AWG, 
12-foot TRRS cable used to connect the amplifier to the 
shoulder rest likely adds a small amount of resistance, but 
we found the output power to be adequate. 



 

 

Candidates for providing haptic feedback to DMIs in-
clude tactors, piezo-electric elements, voice coils, motors, 
and solenoids. Following haptic criteria outlined by Mark 
Marshall and Marcelo Wanderley, we chose the use of 
voice coils because of their wide frequency response, tran-
sient response, and ease of control—they can be driven by 
the same audio signal generated by the DMI [17]. They 
also afford auditory feedback. 
 

 
Figure 5. The modified shoulder rest, TRRS jack, ca-
ble, and powered amplifier. 

6. PERFORMANCE 

1.6 Performance Setup 

The TRRS cable connects the shoulder rest to the amplifier 
[see Figure 5]. The audio signal is provided by the head-
phone output of a MOTU Ultralite AVB audio interface. 
The headphone jack is used because the eight analog out-
puts of the interface are used for sending eight channels of 
audio signal from Transference into a multichannel audio 
space. The hardware gain is set to its maximum so that gain 
can be fully controlled in the Live session software.  

Built in Live 10, Transference is based on a stereophonic 
diffusion paradigm, but it becomes a multichannel system 
by using a set of return tracks for diffusing stereo signals 
in different ways through eight channels of output. A ded-
icated return track outputting on channels 9 and 10 was 
created for the shoulder rest in order to selectively route 
audio signals to it. This setup permits controlled tuning of 
the output: sounds coming from individual tracks suggest-
ing more localized events can be routed to the shoulder 
rest, while more prolonged sonic responses, especially 
ones with greater tendency to cause problematic feedback, 
can be attenuated or ignored. 

1.7 Initial Impressions and Obstacles 

The haptic shoulder rest enhances the integrity of the per-
ceptual physics of the hybrid violin and helps to cohere it 
as an instrument. Hearing and feeling the digital reflections 
in one’s hands, which were previously limited to the pe-
riphery of the ambient stage, intensifies the sensation of 

                                                
5 A demonstration is available here: https://vimeo.com/305282476 

being able to, as it were, grip the instrument in a maximal 
way.5 

Audio feedback problems are easily managed using a 
high-pass filter with a gentle roll-off from about 1 kHz. 
Higher frequencies remain present in the near-field, espe-
cially near the left ear of the violinist, which creates the 
sensation that the digitally processed sound is emanating 
from the body of the violin, while lower frequencies over-
lapping with the resonant modes of the violin (which tend 
to be very strong near the D and A strings [18]) are miti-
gated, thus circumventing potential feedback issues. More 
careful tuning using a parametric equalizer or a bank of 
notch filters would enhance things further. 

1.8 Collaboration 

 
Figure 6: Improvised collaboration with a dancer, Ella 
Alzua, at Arizona State University. 

Haptic augmentation can generate feedback signals related 
to instrumental physics as well as transmit symbolically 
relevant information. For instance, the shoulder rest could 
be made to pulse at a certain tempo. In improvisatory con-
texts with other performers, the shoulder rest could receive 
information encoded as different pulse lengths or counts in 
order to clandestinely coordinate performance, structure 
improvised playing, or generate other novel means of in-
teraction among performers [19]. Polytemporal patterns 
and scores can be coupled to haptic devices for ensemble 
entrainment. These possibilities are beyond the themes of 
remutualization and enhancement of DMIs that we have 
pursued in this paper, but are avenues to be explored in the 
future with the enhanced hybrid violin. In general, it is an-
ticipated that compositional techniques and choreographic 
practices can be experientially thickened by multimodal 
interfaces and instruments such as ours, not only enriching 
but also provoking rupture with habitual techniques and 
performance codes through improvised gesture in live 
events. 

7. CONCLUSION 
A violin shoulder rest is an implement that has not at all 
been explored in the context of augmented violin perfor-
mance. Converting these devices into digitally, sonically, 
and/or haptically active interfaces is a simple and non-



 

 

destructive means of bringing a traditional violin (and vi-
olinists!) into the orbit of digital music and NIMEs. The 
ease of outfitting an ordinary shoulder rest with haptic ex-
citers is a boon to the longer-term aspirations of this pro-
ject, namely to produce a set of simple hardware and soft-
ware tools that could act together as a cohesive, customi-
zable, and inexpensive toolkit for hybrid violin perfor-
mance. Although many different types of shoulder rests are 
available, most share central design features (such as cur-
vature and mounting position) with the one we modified 
for this project. Among digital violinists—and perhaps 
among traditional players, too—we hope it will find a large 
audience. 

REFERENCES 
[1] J. Baudrillard, The System of Objects. Verson, 2006. 

[2] P. R. Cook, “Remutualizing the Musical Instrument: 
Co-Design of Synthesis Algorithms and 
Controllers,” Journal of New Music Research, vol. 
33, no. 3, pp. 315–320, 2004. 

[3] S. D. Thorn, “Alto.glove: New Techniques for 
Augmented Violin,” Proceedings of the 2018 
International Conference for New Interfaces for 
Musical Expression, Blacksburg, 2018, pp. 334-339. 

[4] S. D. Thorn, “Transference: A Hybrid 
Computational System for Improvised Violin 
Performance,” Proceedings of the 13th International 
Conference on Tangible, Embedded and Embodied 
Interaction, Tempe, 2019, pp. 541-546. 

[5] C. Cadoz, “Supra-Instrumental Interactions and 
Gestures,” Journal of New Music Research, vol. 38, 
no. 3, pp. 215-230, 2009. 

[6] Frédéric Bevilacqua, Nicolas Rasamimanana, 
Emmanuel Fléty, Serge Lemouton, and Florence 
Baschet. “The Augmented Violin Project: Research, 
Composition and Performance Report,” Proceedings 
of the 2006 Conference on New Interfaces for 
Musical Expression, pp. 402–406, 2006. 

[7] Margaret Schedel and Rebecca Fiebrink. A 
“Demonstration of Bow Articulation Recognition 
with Wekinator and K-Bow,” Proceedings of the 
2011 International Computer Music Conference, 
2011. 

[8] Seth Thorn. “Signal Processing as Practice: Trial-
and-Error Revision of the Sensorimotor Dynamics 
of a Hybrid Violin,” Proceedings of the 2019 
Conference on Creativity and Cognition, San Diego, 
2009. 

[9] Brandon Mechtley, Todd Ingalls, Julian Stein, 
Connor Rawls, and Sha Xin Wei. “SC: A Modular 
Software Suite for Composing Continuously-
Evolving Responsive Environments,” Living 
Architecture Systems Groups White Papers, pp. 197-
205, 2019. 

[10] D. Trueman, Reinventing the violin. PhD 
Dissertation, 1999. 

[11] S. Emmerson, “Aural landscape: musical 
space,” Organised Sound, vol. 3, no. 2, pp. 135–140, 
1998. 

[12] B. Rovan and J. Hayward, “Typology of Tactile 
Sounds and their Synthesis in Gesture-Driven 
Computer Music Performance,” Trends in Gestural 
Control of Music. M. Wanderley and M. Battier, 
Eds. Paris: IRCAM, 2000. 

[13] F. J. Varela, E. Thompson, and E. Rosch, The 
Embodied Mind: Cognitive Science and Human 
Experience. Cambridge, MA: MIT Press, 1991. 

[14] C. Nichols, “The vBow: a virtual violin bow 
controller for mapping gesture to synthesis with 
haptic feedback,” Organised Sound, vol. 7, no. 02, 
2002. 

[15] A. Luciani, J. Florens, D. Couroussé, and C. Cadoz, 
“Ergotic Sounds: A New Way to Improve 
Playability, Believability and Presence of Digital 
Musical Instruments,” 4th International Conference 
on Enactive Interfaces, Grenoble, 2007. 

[16] “Violinist.com interview with Aaron Rosand, Part 
1,” Violinist.com. [Online]. Available: 
https://www.violinist.com/blog/laurie/20148/16066 
[Accessed: 24-Apr-2019]. 

[17] M. Marshall and M. Wanderley, “Vibrotactile 
Feedback in Digital Musical Instruments,” 
Proceedings of the 2006 International Conference 
on New Interfaces for Musical Expression, Paris, 
2006, pp. 226-229. 

[18] B. Richardson, “The physics of the violin,” The 
Cambridge Companion to the Violin, R. Stowell, Ed. 
Cambridge: Cambridge University Press, 2008. 

[19] L. Hayes and C. Michalakos, “Imposing a 
Networked Vibrotactile Communication System for 
Improvisational Suggestion,” Organised Sound, vol. 
17, no. 01, pp. 36–44, 2012. 


