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ABSTRACT

Some of the performer’s gestures, despite corresponding to
different physical interactions, might produce a similar sonic
output. This is the case of upward and downward string
bends on the guitar where stretching the string shifts the
pitch upwards. Bending represents an expressive resource
that extends across many different styles of guitar playing.
In this study, we presented performers with an augmented
electric guitar on which the gesture-to-sound relationship of
downward bending gestures is changed depending on how
the instrument is configured. Participants were asked to ex-
plore and perform a short improvisation under three differ-
ent conditions, two augmentations that correspond to dif-
ferent auditory imagery and a constrained scenario. The
different sessions of the experiment were recorded to con-
duct thematic analysis as an examination of how gestural
disambiguation can be exploited in the design of augmen-
tations that focus on reusing performer’s expertise and how
the gesture-to-sound entanglement of the different modali-
ties supports or encumbers the performer’s embodied rela-
tionship with the instrument.
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1. INTRODUCTION

From its origin at the beginning of the 20th century the
electric guitar has been embraced as a tool for musical ex-
perimentation by different musical traditions [3| |6} [14]. As
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a result, different idiomatic playing styles and expressive
techniques have emerged contributing to the development
of a series of gestures and interactions that convey both
musical meaning and articulation and are able to produce
a recognisable signature for genres and even particular per-
sonal styles and instruments [21].

Plucking, tapping, bending, fretting, sliding, etc are ex-
amples of combinations of excitation and modification ges-
tures that performers use as expressive resources and that
when honed over years of practice, contribute to the embod-
ied relationship between musicians and their instruments.
Experienced guitarists are not only able to use these ges-
tural resources on demand to achieve a specific sonic effect
but can rapidly adapt to unexpected reactions and unfamil-
iar sounds thanks to their ability to recreate and anticipate
sounds in their minds, a phenomenon referred to as auditory
imagery [|12].

This acquired imagery often encompasses gestures that,
despite being associated with different physical interactions
might have similar, even identical, sonic results and there-
fore be virtually indistinguishable from this perspective, re-
sulting in similar auditory feedback. This opens a possi-
bility for designing augmentations based on the analysis of
such actions so that their sonic effect is differentiated. We
refer to this process as disambiguation.

Here we aim to explore how these augmentations might
challenge the performer’s imagery and whether this allows
them to repurpose their existing skills by accessing their
existing gestural vocabulary to control new interactions.

We presented nine experienced guitarists with an aug-
mented guitar under different modalities of interaction de-
signed around the disambiguation of bending gestures. Each
modality alters the imagery of gesture differently, which
might allow us to draw further insights into which augmen-
tations are a better fit for this approach.

2. BACKGROUND

2.1 Disambiguation in augmented instruments

We define ambiguous gestures as those sound-generating
gestures which produce a similar sound despite presenting
different interactions to the performer.

The electric guitar is no stranger to ambiguity: for exam-
ple, a vibrato effect can be produced by rocking the fingertip
and stretching the string longitudinally (azial vibrato) or by
bending and pulling it transversally (radial vibrato) and the
direction in which the string is plucked does not have an im-
mediate obvious on the sound of the instrument. Many of
the existing techniques result in a sound that, although not



always identical, can be hard to distinguish [25].

We propose that by focusing on disambiguating specic
gestures from the guitarist's vocabulary we can help dis-
entangle gesture-to-sound relationships and motivate aug-
mentations that provide a great level of control intimacy
while repurposing performer's expertise, allowing them to
quickly adapt to these and engage in new forms of musical
expression.

However, this is not a new paradigm within NIME. Sev-
eral augmented DMIs have been designed over the years
that reuse performers' skills for augmentation which have
speci c relationships with gestural ambiguity.

TouchKeys [17] allows performers to create new control
mappings for the position on which the ngers are located
on a key, creating the possibility of disambiguating key
presses that occur in dierent locations for a single key.
The Svampolin [19]| detects stick and slip states of bow-
ing gestures and bowing direction, using this data to create
a simpli ed representation of bow-string interaction. Ac-
tions are then projected through a velocity model to obtain
sound features related to gestures which are unambiguous
from each other. Morreale et al. [18] present an augmented
guitar pick that extracts signals related to the movement
of the device relative to the magnetic pickups of the guitar.
Although Magpick can capture plucking and strumming di-
rection, the designers decided to not create disambiguated
augmentations, but instead use the integrated signal in one-
dimensional mappings that control e ect parameters.

Our proposal diers from these approaches in that we
conceptualise disambiguation as a design paradigm rather
than an implicit result in the scope of interaction. We
suggest that a bottom-up approach, where designers anal-
yse speci cally-ambiguous gestures and how they relate to
performers' auditory imagery, and design interactions over
their di erentiating features could provide a rich experience
while providing minimal disruption.

2.2 Motivation: a subtle sabotage

The following question remains unanswered: how do we de-
sign interactions that are minimally intrusive if these di-
rectly challenge the performer's auditory imagery?

Guidi and McPherson [11] present a study where expert
guitar players were able to accurately control a sound ef-
fect with the use of Magpick [18] while at the same time
subconsciously adapting their playing to compensate for be-
haviours that were designed to disrupt their interaction by
changing the sensitivity of the augmented plectrum over
time. This supports the idea that experimented performers
might be able to repurpose sensorimotor skills when pre-
sented with augmented instruments that challenge their ex-
pected gesture-sound relationships.

Moreover, Guidi et. al [L2] showcase how auditory im-
agery can support skill transfer in the adoption and em-
bodiment of modi ed instruments by putting a violin with
transposed notation in the hands of professional performers.
The results suggest that when musicians struggle to identify
a speci ¢ sound event as part of their auditory imagery, the
motor program to control this is unavailable and the per-
formance disrupted. However, musicians can still perform
uently when the auditory feedback is unfamiliar but they
can access their auditory imagery and anticipate the related
motor program.

2.3 Case study: electric guitar string bending

String bending is a modi cation gesture and a common id-
iomatic resource guitar players employ on demand to exert

precise, continuous control over pitch. It can be used to cre-
ate melodic ideas, accentuate speci ¢ notes and even access
microtonality (as in the case of the blue notes).

The physics behind string stretching [10], makes bend-
ing ambiguous: the pitch of the played note will always
be raised regardless of the bending direction. This oers
an opportunity for designing augmentations where auditory
feedback changes with respect to bend quantity and bend
direction.

3. THE (UN)AMBIGUOUS GUITAR

An Augmented guitar for bending disambiguation.

We developed an augmented electric guitar - the
(Un)ambiguous guitar - which allows us to extract infor-
mation on string displacement for all six strings aligned to
hexaphonic audio, and a processing unit that analyses both
data streams simultaneously to infer gestural information
and create mappings to process the hexaphonic output in
real-time. The hardware and software components of the
instrument are open-source and available on the supporting
website *

3.1 Technical details

3.1.1 Guitar and sensors

The guitar was hand-built from individual parts to resem-
ble a familiar Stratocaster but showcases a xed bridge and
lacks any controls on its surface (see Figure 1). Instead of
the traditional electromagnetic pickups found in most elec-
tric guitars, the instrument is equipped with an active hexa-
phonic pickup? which can be connected through a Roland
GK-compatible 13-pin DIN connector [1] and a multichan-
nel bend-sensor adapted from the work presented in [?] to
sense direction and quantity of bending. This version was
developed as a drop-in replacement for humbucker pickups
and breaks out six channels of horizontal string displace-
ment data to another 13-pin DIN connector.

The apparatus presented in [?] senses variations in mag-
netic ux produced by the horizontal displacement of the
string and was employed to showcase how such measure-
ments can capture gestures associated with left- and right-
hand techniques in real-time, and to characterise them in
terms of pitch-contour to accurately estimate pitch-shifting
produced by bending.

3.1.2 Processing unit

A processing unit was developed to take the signals from
the hexaphonic pickup and the multichannel bend-sensor.
Three Bela units [16] are employed to process these signals
such that each receives two adjacent string outputs from
the hexaphonic pickup and the corresponding analog signals
from the bend-sensing apparatus synchronously. The line
output of each unit is then summed with an analog mixer
to present a single line output to the user.

A Pure Data patch was developed to exchange MIDI mes-
sages through USB with the unit in order to change the
parameters of the algorithms running on it (see Figure 2).

 https:/finstrumentslab.org/research/exploring-the-
unambiguous-guitar.html
Zhttps:/iwww.cycfi.com/product/nu-multi-6/



Figure 1: Picture of the augmented guitar used for the study (on the left) and the processing unit containing 3 Bela minis and

analog conditioning circuitry (on the right).

Figure 2: Capture of the Pure Data interface that controls
the behaviour of the instrument

3.1.3 The B- and G-bender parallelism

The B and G strings are mostly associated with bending
gestures during solo performance, but they also relate to
a well-known mechanical augmentation designed to contin-
uously manipulate the pitch of a string through external
action: the Stringbender [20] (widely identi ed as G- and B-
bender). Therefore, we only employ the bend-sensing setup
corresponding to these strings to restrict the focus of the
experiment while o ering a familiar metaphor.

3.2 Isolating bending gestures

Since we want to focus on disambiguation bending gestures,
it is important that these are isolated from other excitation
and modi cation gestures.

The bending sensor employed for tracking the movement
of the string (Section 3.1.1) does not provide a direct mech-
anism for separating plucking and bending gestures so a
multimodal approach was followed for further disambigua-
tion. Sensor data is employed together with a transient
envelope and pitch estimates from a YIN detector [7] to ex-
tract di erent states of the bending gesture in real-time (see
section 3.2.2).

3.2.1 Calibration

Since the mapping between displacement from the bend sen-
sor and the pitch-shift produced by a bend gesture changes
from fret to fret, we followed the procedure suggested in [2]
for calibration. Several downward bends were captured for
each fret and least-squares linear regression was used to ob-
tain an approximate characterisation for latter mappings.
Boundaries of the steady string for upward and downward
bends were also captured for each fret. This neglects hys-
teresis in the sensing setup but provides a su cient approx-
imation for mapping as shown in [2].
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