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ABSTRACT

In this paper we investigate the role of haptic stimuli in affect-
ing the perception of live music. We designed a study where a
smart mandolin performer played live for audience members
wearing a gilet-based musical haptic wearable, which pro-
vided vibro-tactile sensations in response to the performed
music. Six performances were conducted, each of which
involved audiences of two people for a total of twelve partic-
ipants. Results showed that the audio-haptic experience was
not homogeneous across participants, who could be grouped
as those appreciative of the vibrations and those less appre-
ciative of them. The causes for a lack of appreciation of the
haptic experience were mainly identified as the sensation
of unpleasantness caused by the vibrations in certain parts
of the body and the lack of the comprehension of the rela-
tion between what was felt and what was heard. Based on
the reported results, we offer suggestions for practitioners
interested in designing wearables for enriching the musical
experience of audiences of live music via the sense of touch.
Such suggestions point towards the need of mechanisms of
personalization, systems able to minimize the latency be-
tween the sound and the vibrations, and a time of adaptation
to the vibrations.
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1 INTRODUCTION

Today, the latest Internet of Musical Things technologies al-
low composers to explore new avenues for artistic research in
musical haptics [10]. The Internet of Musical Things (IoMusT)
is an emerging research area that applies the Internet of
Things paradigm to the musical domain [15]. Musical Things
are the building-blocks of the IoMusT vision, and consists
of computing devices capable of acquiring, processing, ac-
tuating, and exchanging data serving a musical purpose.
Examples of Musical Things are musical haptic wearables for
the audience (MHWAs) [14] and smart musical instruments
[12]. MHWAS are devices that may comprise actuators and
systems for capturing gestures, tracking physiological pa-
rameters, and enabling wireless connectivity. They were spe-
cifically devised to enrich an audience’s musical experience
of music performances by integrating haptic stimulations, as
well as to provide new capabilities for creative participation
thanks to embedded sensor interfaces. Smart musical instru-
ments are characterized by a sensor interface, embedded
computational intelligence, a sound processing and synthe-
sis engine, wireless connectivity, an embedded sound de-
livery system, and an onboard system for feedback to the
player. An example of this family of musical instruments is
the smart mandolin [11]. An ecosystem connecting the smart
mandolin with armband-based musical haptic wearables is
reported in [13]. However, to date the evaluation of these
kinds of IoMusT ecosystems in live scenarios has not yet
been conducted. This is the matter of the present study.

In this paper we tackle the challenge of assessing the role
of vibro-tactile stimuli in affecting the perception of live
music. To investigate this we designed a study where a smart
mandolin performer played live for an audience wearing a
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gilet-based musical haptic wearable, which provided vibro-
tactile sensations in response to the music. The vibro-tactile
stimuli were devised by a professional composer, according
to tactile composition techniques [4]. The specific research
questions we investigate are: i) to what extent do audience
members appreciate live music with vibrations?; ii) is there
a consensus by the audience about the way in which the
vibrations influence the live music experience? To the best
of our knowledge, this is the first study investigating the
effects on human perception of the application of an IoMusT
ecosystem encompassing smart musical instruments and
musical haptic wearables in a live music setting.

2 METHOD
Apparatus

The apparatus consisted of a smart mandolin, two haptic
gilets, two laptops, and a wireless router.

Smart mandolin. The smart mandolin [11] (see Fig. 1) com-
prised a conventional acoustic mandolin enhanced with dif-
ferent types of sensors, a high quality contact microphone,
a loudspeaker, wireless connectivity to both local networks
and the Internet, embedded battery, and the Bela low-latency
audio processing board. The audio engine was coded in the
Pure Data real-time audio processing environment and com-
prised a variety of ad-hoc sound effects modulating the in-
strument’s string sounds, a library of sound samples to be
triggered, as well as mapping strategies to control the sound
production from the data gathered from the sensors as well
as from the real-time extraction of features from the audio
signal captured by the microphone.

For the experiment the smart mandolin was configured
with seven sensors: five pressure sensors, one ribbon sensor
and one distance sensor. The ribbon sensor was attached,
thanks to its adhesive film, on top of the strip pressure sensor
in order to create a device capable of providing simultaneous
information about finger position and pressure. Such sen-
sors were mapped to parameters of audio effects and sound
samples triggers as described in Table 1. In addition, we ex-
tracted the note onset from the audio signal captured by the
microphone, by leveraging the Pure Data object fiddle~.

Wireless data reception and forwarding were achieved
leveraging the Wi-Fi protocol and the Open Sound Control
(OSC) messages over the User Datagram Protocol.

Haptic gilets. The haptic gilets [16] are musical haptic
wearables that distribute thirty ERM vibration motors over
the wearer’s torso. Twelve motors are placed on the front
of the torso and eighteen on the back. A schematic repre-
sentation of the haptic gilet motors placement is illustrated
in Fig. 2. Five driver boards are distributed on the garment
which respond to OSC messages and generate PWM signals
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Figure 1: The smart mandolin with the indication of the sen-
sors utilized during the experiments.

for six motors each. The driver boards connect to the Wi-
Fi network using ESP8622 microcontrollers, specifically the
ESP-12S modules. The PWM signals from the ESP-12S mod-
ule are conditioned using the LM1930MC bidirectional motor
driver integrated circuits. The involved motors (VPM2 from
Solarbotics) were characterized by a maximum vibration am-
plitude of 1G, and a rise and decay time of respectively 15
ms and 400 ms [3]. Power supply was accomplished by five
3.7 V lipo batteries, one for each board.

FRONT-LEFT BACK FRONT-RIGHT

Figure 2: A diagram of the haptic gilet, in its front-left, back
and front-right sides, and with the numbering of the 30 mo-
tors.

Laptops. A laptop controlled the gilet. A Max/MSP appli-
cation was created, which received the OSC messages from
the smart mandolin and mapped them into patterns of acti-
vations of the motors. The mappings are described in Table
1. A second laptop served the purpose of recording the OSC
messages transmitted by the smart mandolin.

Router. The smart mandolin, the musical haptic gilets,
and the laptops were connected to a local wireless network
created by the router TP-Link TL-WR902AC, which was con-
figured to support the IEEE 802.11.n Wi-Fi protocol over the
2.4 GHz bandwidth. The overall average latency between the
smart mandolin and the musical haptic gilets was measured
as 75 ms.
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