
Transference: A Hybrid Computational 
System for Improvised Violin 
Performance

Abstract 

Transference is a hybrid computational system for 

improvised violin performance. With hardware sensors 

and digital signal processing (DSP), the system shapes 

live acoustic input and computer-generated sound. An 

electromyographic (EMG) sensor unobtrusively 

monitors movements of the left hand, while a custom 

glove controller tracks bowing gestures of the right 

arm. Through continuous musical gesture the 

performer is able to actuate and perturb streams of 

computationally transmuted audio. No additional layers 

of windowing or semantically-inflected processes of 

machine learning mediate this process. Remaining at 

the level of signal processing, the lack of windowed 

and/or statistical mediation creates a sense of fine-

grain tactility and physical transduction for the 

performer. The strategies employed are sufficiently 

generalizable to apply to situations beyond those 

imagined and implemented here within the scope of 

augmented violin performance. 
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Conference Themes 

Transference responds to the following conference 

themes: 

 Hybrid assemblies of digital and physical

systems

 Wearable computing

 Novel interactions in traditional musicianship

 Human augmentation

 Hybrid music performance

Introduction 

Transference is a real-time computational system for 

improvised violin performance. It consists of an ensemble 

of hardware and software, including a custom sensor 

glove, the alto.glove; a Myo Gesture Control Armband 

from Thalamic Labs with EMG sensors and an inertial 

measurement unit (IMU); and DSP implemented in Max 

MSP and Max for Live (M4L). The alto.glove utilizes an 

IMU and flex sensors to extend traditional performance 

gestures related to bowing movements of the right arm. 

The glove also houses pressure sensors allowing voluntary 

actuation within the limited spare “bandwidth” of the 

violinist’s right hand and fingers during performance [1]. 

With the addition of the Myo Armband on the left forearm, 

which unobtrusively tracks dynamics of the left hand, the 

system builds on an earlier iteration of the system, 

Windowless. 

In my previous system, Windowless, feature extraction 

and DSP were implemented in Max MSP and compiled into 

several applications that communicate using the Open 

Sound Control (OSC) network protocol. In the present 

version, I have redesigned the system to work inside M4L, 

an audio programming environment existing within the 

Ableton Live software. This makes available a large variety 

of quickly accessed, programmable, high quality audio 

processing effects. The goal is not only to speed up the 

programming process by bypassing more fundamental 

framework-building stages, but also to implement my 

system in a way that is more flexible—not only for the 

drag-and-drop modularity of Ableton Live, but also so that 

other performers may eventually try out the system as 

well. Moreover, I would like to know if such a “hypertelic” 

situation as an augmented violin played by an expert 

performer—that is, a situation of excessively focused 

adaptation—doesn’t offer some insight that might be 

applied more generally to sonic interaction design, or to 

broader eco-systemic scenarios involving physical 

computing. 

Methodology & Motivation 

I evaluate the progressive iterations of my performance 

system on the basis of their fecundity for playful 

improvisation. Such evaluations take place more or less 

immediately, with production and coupling of gestural 

descriptors and sound design occurring simultaneously. 

Questions to ask will include: is the system a good 

catalyzer? Does it promote continuous development in 

performance? Is it complex without being complicated? 

Are its kinesics learnable/reproducible but not overly 

simplistic? Does it prompt improvisatory exploration 

that is not completely imagined in advance of the 

system, in spite of the hardness of its code? 

Much has been written about the native dimension (and 

boon) of a musical instrument’s “resistance,” along with 

Figure 1: A performance with the 

earlier version of the system, 

Windowless, at iStage, Arizona 

State University, January 2018. 

Figure 2: Presentation of the 

alto.glove at the Guthman 

Musical Instrument Competition, 

Georgia Institute of Technology, 

March 2018. 

Figure 3: Performing at the New 

York City Electroacoustic Musical 

Festival (NYCEMF), July 2018. 
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Figure 6: The alto.glove is designed to track motions of violin playing without interfering with the natural bow grip.

its conceptual implications for the cybernetic project of 

eliminating the computer’s interface [3]. In creative 

contexts, a transparent interface tends to impoverish 

the performative possibilities. Improvising musicians 

seeking to revive their practices can turn to physical 

manipulation of their instruments as a means of 

renewing this resistance. I have found that 

hyperbolizing the sense of tactility in my system by 

avoiding statistical, windowing-based, or semantically-

inflected procedures yields fertile ground for improvised 

performance [5]. This also means that I describe my 

system at the level of signal processing rather than in 

terms of musical percepts and higher-level semantics. 

Hyperinstruments 

I therefore distinguish my efforts here from the 

“hyperinstruments” project for virtuoso musicians [4]. 

Despite much remarkable and well-conceived 

hardware, the lives of these instruments tend to be 

short, as their software substrates are conditioned for 

specific performance contexts, compositions, and use 

with score-following systems. Coupled to such 

specificities and virtuosic presuppositions, 

hyperinstruments lay out the performance possibilities 

entirely in advance, presupposing the performer’s 

abilities vis-à-vis an already concrete performance 

tradition. 

Figure 4: Functional diagram of 

the alto.glove. Flex sensors are 

installed on the wrist, index 

finger, and pinky. A 9-axis 

motion sensor is located inside 

the PCB. Haptic feedback is 

available. Three momentary 

contact buttons are available, 

along with two force-sensitive 

resistors located on the inside of 

the index finger and thumb to 

allow quick triggering of events 

between performance gestures. 

Figure 5: Alto.glove PCB 

schematic developed with the 

DipTrace software. The board is 

designed as a shield for the 

Feather M0 WiFi development 

board produced by Adafruit. 
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By contrast, Transference is not a performance piece 

(coupled to a score), but a continuously responsive 

audio environment. By means of the added hardware, 

the goal is to allow the performer to “touch,” through 

musical gestures, streams of computationally 

transformed audio generated by the violin itself as well 

as the computer. This contact is direct—or as direct as 

it can be. No machine learning is used. Movement of 

the left and right arms, as well as the muscles of the 

left forearm, inform the audio streams, actuating 

and/or perturbing them. In this way, the system is 

already much less hypertelic than a hyperinstrument, 

yet it establishes no ceiling on violinistic virtuosity. 

Tangibility and Embodiment 

As I have noted, alteration of a musical instrument’s 

dynamics can be motivated by an interest in shoring up 

imaginative resources for creative improvisation. As 

Aden Evens remarks, “generation of resistance is 

essential to creative improvisation; the body must be 

made to feel awkward in relation to the instrument, the 

known must be un-known” [4]. Recently described 

models of body-centered auditory feedback suggest 

that this principle is relevant to the way individuals 

experience their own bodies. Ana Tajadura-Jiménez and 

Frédéric Bevilacqua have demonstrated that precise 

manipulation of auditory cues can alter the action-

perception feedback loops that constitute an 

individual’s proprioceptive sense of embodiment [6]. 

Nevertheless, a fine-grain temporal response is enough 

to create effectively tangible media, even when 

operating outside of the narrow interval in which 

psychoacoustic effects create more dramatic 

sensations. What happens to high-level musicianship 

when augmented with a tactile-like, hybrid framework? 

Signal Processing 

By means of a simple software framework and 

thoughtfully implemented hardware, Transference 

derives relatively specific features of violin playing—or 

better, violinistic movement—without statistical 

processes. Data from the alto.glove is streamed to the 

computer via WiFi. The UDP packets are received in 

M4L, then calibrated and scaled. The Myo Sensor is 

connected via Bluetooth to the Myo Armband Manager 

program. The Myo Mapper software is used to stream 

IMU and scaled EMG sensor data via OSC into M4L [2]. 

Two M4L “audio effect” devices perform feature 

extraction and allow selective application of the output 

to real-time audio processes in Ableton Live. Multiple 

instances of these devices are used in the Ableton Live 

session to produce a complex sonic field of dynamically 

varying intensities. 

Figure 9: The alto.glove M4L device. 

Alto.glove Module 

With the IMU of the alto.glove positioned just below the 

wrist, the gyroscopic z- and x-axes generate metrics 

related to bowing velocity and string crossing 

technique, respectively [7]. Flex sensors on the pinky 

and wrist provide information about the continuous 

position of the bow in the hand and extension of the 

Figure 7: Inside PCB, showing 

haptic motor, Adafruit motion 

sensor breakout board using an 

ST Micro LSM9DS0, addressable 

RGB LED, and Molex Microblade 

connector. 

Figure 8: Top of PCB, showing 

three momentary contact 

buttons. 
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arm. Low-level metrics such as these are convolved in 

different ways with other features. For instance, the 

sign of the gyroscopic z-axis is applied to the amplitude 

envelope read from the microphone, yielding an 

interesting metric that avoids requiring a determinate 

threshold value for audio gating. Another use for the 

gyroscopic z-axis is to start a timer when the sign 

changes, indicating the duration of a particular bow 

stroke. Pitch, roll, and an acceleration metric can also 

be used. Conveniently, given the placement of the IMU, 

pitch describes the extension of the right arm in violin 

playing; roll indicates the string being played. 

The performer begins by choosing one of the 

parameters available in the alto.glove module. Since 

both unipolar and bipolar values are available, it can be 

determined how these should behave. Scaling, clipping, 

smoothing, and morphological transformations that 

invert the signal or reshape it may be utilized. The 

resulting signal can be used to actuate and control the 

amplitude of various transformations of the audio signal 

from the violin (audio delay, granulation, spectral 

“freeze”). In addition, the resulting signal can be 

assigned to any other audio parameter, resulting in 

interesting parameter linkages. 

Alto.glove Tuning Example: Broad String Crossings 

To generate a signal based on broad string crossings—

quick, continuous rolling of the bow across three or four 

strings of the violin—the gyroscopic x-axis is selected, 

which reflects radial movement of the forearm. Bipolar 

input is selected, and low input values clipped. To 

generate a string crossing “mode” with hysteresis, the 

decay ramp can be slowed. For a unique signal, the 

initial bipolar signal can be clipped to unipolar. When 

combined with a low decay value, the result is a 

response to string crossings in only one direction. This 

produces an auditory result with a great sense of tactile 

immediacy and responsiveness for the performer. 

Alto.glove Tuning Example: Pizzicato 

When the bow is grasped for pizzicato (plucking the 

strings directly with one’s fingers), the pinky wraps 

around the stick. Rather than hard-coding this 

threshold, the “pizzicato state” can be generated by 

appropriate tuning of the alto.glove module. First, the 

correct flex sensor is selected. A “pulse” wave is 

selected in the morphology settings, and the “peak 

offset” adjusted to the appropriate level, generating a 

binary signal. By implementing pizzicato recognition 

within this broader framework—as opposed to hard 

coding it—it is possible to experiment with unusual 

permutations, such as adding a decay that causes the 

“on” signal to linger after a normal bow hold is 

resumed. Any “tuned” feature can be skewed in this 

way, which in turn skews the continuous auditory 

physics of violin playing. Thus, the system is rife for 

continuous, prodding experimentation. 

Myo Sensor Module 

The Myo Sensor module employs a framework similar 

the alto.glove module, but is simpler. It tracks two 

types of movement. The first is the activity of the 

fingers, which is generated by a scaled, moving 

average taken from one of the eight available EMG 

sensors. The second is the flexion of the left elbow 

monitored by one of the axes of the gyroscope. This 

provides information about shifting between lower and 

higher positions on the violin as well as intensity of 

vibrato. One or both of these features can be scaled, 

smoothed, and mapped to audio gating or other audio 

parameters outside the module. 

Figure 10: M4L device that 

connects to the alto.glove, 

“cooks” the input, and makes it 

available through global 

send/receive pairs. 

Figure 11: The M4L device that 

receives the cooked output from 

the Myo Mapper application. 
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Sonic Composition 

A performance with Transference requires creating an 

Ableton Live session with multiple audio tracks with 

instances of either the alto.glove module or the Myo 

Sensor module. Global presets are stored in an M4L 

module and cycled through during performance by 

engaging a pressure sensor on the alto.glove. In 

addition to audio modulated by sensor input, I have 

also created several M4L devices that respond to audio 

input alone. These devices produce a slow-moving, 

particulate, spatial-textural foundation of looping and 

delayed audio samples. The result is a percolating 

background from which the more gesturally-inflected, 

human-scale perturbations captured by the hardware 

components stand in stark contrast. 

Conclusion 

The mapping paradigm I suggest here favors 

immediate auditory feedback as a means of increasing 

the performative power of the system. With machine 

learning, by contrast, it is not the violinist who sculpts 

the sound with gesture, but the mediating “hand” of 

the computer. This intrudes on the immediacy sought in 

that tight perceptual feedback loop by which 

improvisation becomes its own source of creative 

induction, reassembling the performer’s craft by 

keeping up with it in real time with maximum auditory 

and tactile responsivity. The simple paradigm presented 

here offers a straightforward solution to work 

alongside, rather than against, the infinite degrees of 

freedom of the bowed string. Other wearable 

technologies can benefit from a fine-grain temporal 

response, hyperbolizing the sense of tactility across 

gestural media. 

Documentation 

Relevant video documentation can be viewed at 

https://vimeo.com/297490623 
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Figure 12: Myo Gesture Control 

Armband made by Thalamic Labs. 

The armband holds eight EMG 

sensors as well as an IMU. 
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