
Populating the Smart Musical Instruments Ontology
with Data

Luca Turchet
University of Trento

luca.turchet@unitn.it

Guixia Zhu
University of Trento

guixia.zhu@studenti.unitn.it

Paolo Bouquet
University of Trento

paolo.bouquet@unitn.it

Abstract—One of the main instances of Musical Things
within the Internet of Musical Things (IoMusT) paradigm is the
emerging family of Smart Musical Instruments (SMIs). This is a
category of musical instruments encompassing sensors, actuators,
embedded intelligence, and wireless connectivity to local networks
and to the Internet. Recently, an ontology to represent this domain
has been proposed, the Smart Musical Instruments Ontology.
However, a database gathering SMIs instances was missing. Such
a database would be useful to gather and organize information
about this family of IoMusT devices which is predicted to become
more widespread in the future, in both academic and industrial
contexts. In this paper, we present a linked data service exposing
metadata about SMIs structured according to the Smart Musical
Instruments Ontology, as well as a Web application for its
extension and retrieval. We first survey the existing instances of
SMIs as well as the SMIs Ontology. We then outline use cases and
potential applications utilizing the developed Web-based service,
showing how to retrieve detailed information using metadata
describing the SMIs domain.

I. INTRODUCTION

The field of Semantic Web aims at accomplishing the
vision of an extension of the existing World Wide Web through
standards set by the World Wide Web Consortium (W3C) [1],
[2]. This vision was born to transform the Web from a
repository of human-readable information into an entity that
allows for the machine-understandability of data. As a result,
machines are enabled to make meaningful interpretations of
data, which are in part alike to the way humans process infor-
mation to achieve their goals. To make Internet data machine-
readable, semantics are encoded with the data. This is achieved
through technologies able to formally represent metadata, such
as the Resource Description Framework (RDF) [3] for the
representation of data as a set of triples subject–predicate–
object, the Web Ontology Language (OWL) [4] for the defini-
tion of a vocabulary to state the meaning of represented data,
the International Resource Identifiers (IRI) for the univocal
identification of resources, as well as the SPARQL Update [5]
and Query languages [6] for the storage and retrieval of data.

Semantic Web technologies and methodologies have been
extensively applied to the field of the Internet of Things [7].
They have also impacted the field of Sound and Music Com-
puting leading to the emergence of the Semantic Audio (SA)
field [8]. SA is an interdisciplinary field providing techniques
to extract structured meaningful information from audio, in
both musical and non-musical contexts. The key concept in
SA systems is the combination of two primary aspects: ma-
chine analysis and representation of the extracted information.

Specifically, SA combines signal analysis to extract quantifi-
able acoustic features from audio, machine learning techniques
to map the extracted acoustic features to perceptually, envi-
ronmentally or musically meaningful features, and structured
representations that place these features into possibly multi-
relational or heterogeneous hierarchies [9], [10] typically using
Semantic Web ontologies. SA methods find application in sev-
eral music-related scenarios, from intelligent music production
[11], to online music distribution [12]. SA technologies are
increasingly being used in emerging paradigms linking the
Sound and Music Computing field with that of the Internet of
Things [13], such as the Internet of Musical Things (IoMusT)
[14] or the Internet of Audio Things (IoAuT) [15], with the
aim of fostering interoperability across heterogeneous devices.

One of the main instances of Musical Things within the
IoMusT paradigm is the emerging family of Smart Musical
Instruments (SMIs). This is a category of musical instruments
encompassing sensors, actuators, embedded intelligence, and
wireless connectivity to local networks and to the Internet
[16]. Recently, an ontology to represent this domain has been
proposed in [17], the Smart Musical Instruments Ontology.
However, today a database gathering SMIs instances is miss-
ing. Such a database would be useful to gather and organize
information about this family of IoMusT devices which is
predicted to become more widespread in the future, in both
academic and industrial contexts [14].

In this paper, we present a linked data service exposing
metadata about SMIs structured according to the Smart Musi-
cal Instruments Ontology, as well as a Web application for its
extension and retrieval. We first survey the existing instances
of SMIs as well as the SMIs Ontology. We then outline use
cases and potential applications utilizing the developed Web-
based service, showing how to retrieve detailed information
using metadata describing the SMIs domain.

II. RELATED WORKS

A. Existing Smart Musical Instruments

To date, only a small number of SMIs have been developed
in both academic and the industrial settings. We describe
hereinafter examples of smart musical instruments and related
use cases, which are included in the database developed in this
study.

Sensus Smart Guitar. This instrument [18], crafted and
developed by the company Elk, consists of a hollow body
electro-acoustic guitar augmented with sensors embedded in
various parts of the instrument, on-board processing, a system
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of multiple actuators attached to the soundboard, and interop-
erable wireless communication [19]. The utilized embedded
system runs Elk Audio OS [20], a music operating system
based on Linux, which guarantees round-trip latencies of 1 ms,
supports music software plugins, as well as provides wireless
connectivity via Bluetooth, Wi-Fi, and 5G. The internal sound
engine that runs over Elk Audio OS affords a large variety
of sound effects and sound generators, and is programmable
via dedicated apps for desktop PCs, smartphones, and tablets.
The low-latency wireless communication implemented in the
smart guitar supports the exchange of MIDI, OSC and gRPC
messages as well as audio signals. Some use cases for the
Sensus Smart Guitar are reported in [19]. The instrument
has been used to wirelessly control i) visuals delivered on
screens by VJ programs such as VDMX by Vidvox, ii) audio
plugins and functions of digital audio workstations running
on laptops, as well as iii) elements of virtual environments
provided through virtual reality headsets. The smart guitar has
also been used to record audio files and share them directly
on social networks.

HyVibe guitar. The HyVibe guitar [21] is an acoustic
guitar which enables the production of multiple audio effects
such as chorus, reverb, distortion and delay directly from the
body of the guitar using a vibration control system [22]. The
guitar also let players record song ideas and guitar licks to
create backing tracks or share them on social networks using
the cloud. The settings of the guitar can be controlled using a
dedicated mobile app.

Other smart guitars. Two other smart guitar prototypes
have been developed in academic contexts for investigating
specific use cases. Both consist of a conventional classical
guitar enhanced with an embedded processing board, Wi-Fi
connectivity, and onboard sound delivery system. The first one,
reported in [23], was utilized as a hub for collaborative music
making in conjunction with connected performers using smart-
phones in co-located settings. The second guitar is described
in [24] and was conceived to enable guitar players to retrieve
songs from large online music databases using criteria different
from conventional music search (e.g., input text), namely audio
features (e.g., chords, keys, tempo) that were extracted from
the audio signal resulting from the act of playing.

Smart cajón. The smart cajón prototype described in [25]
and [26] is a conventional cajón augmented with sensors,
motors for vibro-tactile feedback embedded in a cushion and
Wi-Fi connectivity. The computational unit is the Bela board
for low-latency audio and sensor processing. The audio engine
is composed of a sampler and various audio effects (e.g., re-
verberation, delays, frequency shifter, equalizer). Sensor fusion
and semantic audio techniques are utilized to estimate the
location and nature of the performer strokes on the front and
side panels. The stroke detection engine can be used to map
strokes to different sound samples to simulate various per-
cussive instruments, or produce automated score transcription.
By mapping musical gestures to tactile stimuli using haptic
wearable devices, it is possible to provide audience members
with haptic feedback while performers play [27]. In another
example application involving creative audience participation,
the smart cajón provided notifications to the performer through
tactile stimulation responding to audience intent produced via
smartphones (e.g., start/stop playing).

Smart mandolin. This is a classic Neapolitan mandolin
smartified with different types of sensors, a microphone,
a loudspeaker, wireless connectivity to both local networks
and the Internet, and a low-latency audio processing board
[28]. Various implemented use cases were developed, which
leverage the smart qualities of the instrument. These in-
cluded the programming of the instrument via applications
for smartphones and desktop computer, the wireless control
of devices enabling multimodal performances such as screen
projecting visuals, smartphones, and tactile devices used by
the audience [27], as well as the interaction with online audio
repositories in the context of technology-mediated audience
participation [29].

Retrologue Hardware Synthesizer. This electronic SMI
uses a virtual analog audio plugin in conjunction with a
dedicated tangible interface and the Elk Audio OS platform
for embedded audio [30]. The plugin is the Retrologue 2 by
Steinberg. The adopted design approach started from an analog
synthesizer, passed from its digital emulation, and returned to
the analog domain via the real-time, physical control of the
digital synthesizer [31].

B. The Smart Musical Instruments Ontology

The Smart Musical Instruments Ontology [32] was created
to represent knowledge related to the emerging family of SMIs,
with the aim of facilitating interoperability between SMIs as
well as with other Musical Things interacting with them [17].
The ontology relates to several existing ontologies, including;
the SOSA Ontology for the representation of sensors and
actuators [33]; the Music Ontology that models the music
value-chain from production to consumption [34]; the Audio
Effects Ontology dealing with the description of digital audio
effects [35], [36]; the Studio Ontology that represents the
studio and music production environment [37]; the Audio
Features Ontology that addresses descriptors representing spe-
cific characteristics of sound signals [38]; and the IoMusT
Ontology for the representation Musical Things and IoMusT
ecosystems [39].

The ontology is described by the metrics listed in Table I,
which are based on the “knowledge coverage and popularity
measures” proposed by Fernandez et al. [40]. The example
in listing 1 shows how an SMI implementation is described
in Turtle syntax, namely the Sensus Smart Guitar by Elk.
This representation makes use of RDF Schema Language for
describing properties and classes of RDF resources.

III. THE SMIS DATABASE

To create the database, we first surveyed the existing
instances of SMIs and related services that are reported in
Section II-A. Then we expressed the resulting data using the
RDF and the domain ontology for describing SMIs reported in
[39]. The data was then stored in an RDF triple store, which
enables the retrieval of SMI-specific information using com-
mon query languages such as SPARQL. Specifically, we used
the Apache Jena database, which offers the TDB triplestore
[41]. TDB supports SPARQL Query and Update.
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@pref ix cc : <h t t p : / / web . r e s o u r c e . o rg / cc /> .
@pref ix dc : <h t t p : / / p u r l . o rg / dc / e l e m e n t s /1 .1 / > .
@pref ix mo : <h t t p : / / p u r l . o rg / o n t o l o g y / mo/> .
@pref ix ns : <h t t p : / / www. w3 . org / 2 0 0 3 / 0 6 / sw−vocab−s t a t u s / ns #> .
@pref ix owl : <h t t p : / / www. w3 . org / 2 0 0 2 / 0 7 / owl #> .
@pref ix r d f : <h t t p : / / www. w3 . org /1999/02/22 − r d f−syn t ax−ns #> .
@pref ix smi : <h t t p : / / p u r l . o rg / o n t o l o g y / i om us t / smi #> .
@pref ix spd : <h t t p : / / p u r l . o rg / o n t o l o g y / s t u d i o / s i g p r o c /> .
@pref ix wot : <h t t p : / / xmlns . com / wot /0 .1 / > .
@pref ix xml : <h t t p : / / www. w3 . org /XML/ 1 9 9 8 / namespace> .
@pref ix xsd : <h t t p : / / www. w3 . org / 2 0 0 1 / XMLSchema#> .
@pref ix c o r e : <h t t p : / / p u r l . o rg / o n t o l o g y / ao / c o r e #> .
@pref ix dcam : <h t t p : / / p u r l . o rg / dc / dcam/> .
@pref ix f o a f : <h t t p : / / xmlns . com / f o a f /0 .1 / > .
@pref ix keys : <h t t p : / / p u r l . o rg /NET/ c4dm / keys . owl#> .
@pref ix main : <h t t p : / / p u r l . o rg / o n t o l o g y / s t u d i o / main/> .
@pref ix r d f s : <h t t p : / / www. w3 . org / 2 0 0 0 / 0 1 / r d f−schema #> .
@pref ix skos : <h t t p : / / www. w3 . org / 2 0 0 4 / 0 2 / skos / c o r e #> .
@pref ix s o s a : <h t t p : / / www. w3 . org / ns / s o s a /> .
@pref ix t ime : <h t t p : / / www. w3 . org / 2 0 0 6 / t i me #> .
@pref ix vann : <h t t p : / / p u r l . o rg / vocab / vann /> .
@pref ix e v e n t : <h t t p : / / p u r l . o rg /NET/ c4dm / e v e n t . owl#> .
@pref ix l a b e l : <h t t p : / / p u r l . o rg / n e t / vocab / 2 0 0 4 / 0 3 / l a b e l #> .
@pref ix mixer : <h t t p : / / p u r l . o rg / o n t o l o g y / s t u d i o / mixer #> .
@pref ix t e r m s : <h t t p : / / p u r l . o rg / dc / t e r m s /> .
@pref ix d e v i c e : <h t t p : / / p u r l . o rg / o n t o l o g y / s t u d i o / d e v i c e /> .
@pref ix i o m u s t : <h t t p : / / p u r l . o rg / o n t o l o g y / i om us t / i n t e r n e t o f t h i n g s /> .
@pref ix schema : <h t t p : / / schema . o rg /> .
@pref ix s t u d i o : <h t t p : / / p u r l . o rg / o n t o l o g y / s t u d i o /> .
. . . . . . . . . . . . .

### h t t p : / / p u r l . org / o n t o l o g y / s t u d i o / mixer # S e n s u s S m a r t G u i t a r
mixer : S e n s u s S m a r t G u i t a r r d f : t y p e owl : N a m e d I n d i v i d u a l ,

i o m u s t : S m a r t I n s t r u m e n t ,
smi : S M I E l e c t r i c A c o u s t i c I n t r u m e n t ;

i o m u s t : i s I n v o l v e d I n mixer : s e n s u s S m a r t G u i t a r M a n a g e r ;
smi : SMIcomponent mixer : s e n s u s S m a r t G u i t a r A u d i o I n p u t I n t e r f a c e ,

mixer : s e n s u s S m a r t G u i t a r G e s t u r e I n t e r f a c e ,
mixer : s e n s u s S m a r t G u i t a r G e s t u r e S e n s o r H a n d l e r ,
mixer : s e n s u s S m a r t G u i t a r H a p t i c D e l i v e r y S y s t e m ,
mixer : s e n s u s S m a r t G u i t a r H a p t i c E n g i n e ,
mixer : s e n s u s S m a r t G u i t a r M a p p i n g H a n d l e r ,
mixer : s e n s u s S m a r t G u i t a r S o u n d E n g i n e ,
mixer : s e n s u s S m a r t G u i t a r V i s u a l D e l i v e r y S y s t e m ,
mixer : s e n s u s S m a r t G u i t a r E l k P i ,
mixer : s e n s u s S m a r t G u i t a r V i s u a l E n g i n e ;

d e v i c e : s e r v i c e mixer : c o n t e n t R e c e i v e S e r v i c e ,
mixer : c o n t e n t S e n d S e r v i c e ,
mixer : e f f e c t s V i a G e s t u r e s ,
mixer : r e a l t i m e S t r e a m i n g S e r v i c e ,
mixer : r e c o r d R e p r o d u c e S e r v i c e ,
mixer : r e c o r d S e r v i c e ,
mixer : s e t t i n g s M a n a g e r S e r v i c e ,
mixer : s p e a k e r S e r v i c e ;

s o s a : h o s t s mixer : s e n s u s S m a r t G u i t a r S e n s o r s ,
mixer : s e n s u s S m a r t G u i t a r D i s t a n c e S e n s o r ,
mixer : sensusSmar tGui t a r IMU ,
mixer : sensusSmar tGui t a rKnobOne ,
mixer : sensusSmar tGui ta rKnobTwo ,
mixer : s e n s u s S m a r t G u i t a r P r e s s u r e S e n s o r s B o d y ,
mixer : s e n s u s S m a r t G u i t a r P r e s s u r e S e n s o r s F o u r ,
mixer : s e n s u s S m a r t G u i t a r P r e s s u r e S e n s o r s N e c k ,
mixer : s e n s u s S m a r t G u i t a r P r e s s u r e S e n s o r s O n e ,
mixer : s e n s u s S m a r t G u i t a r P r e s s u r e S e n s o r s T h r e e ,
mixer : s e n s u s S m a r t G u i t a r P r e s s u r e S e n s o r s T w o ,
mixer : s e n s u s S m a r t G u i t a r R i b b o n S e n s o r B o d y ,
mixer : s e n s u s S m a r t G u i t a r R i b b o n S e n s o r N e c k ,
mixer : s e n s u s S m a r t G u i t a r E l k P i ,
mixer : s e n s u s S m a r t G u i t a r S w i t c h B u t t o n O n e ,
mixer : s e n s u s S m a r t G u i t a r S w i t c h B u t t o n T w o ;

r d f s : comment ” d e v e l o p e d by Elk ” ;
r d f s : l a b e l ” Sensus Smart G u i t a r ” ;
r d f s : s e e A l s o ” h t t p s : / / e l k . a u d i o / s ensus−smar t−g u i t a r / ” .

Listing 1. Partial description in Turtle syntax of the Sensus Smart Guitar by Elk.
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TABLE I. METRICS DESCRIBING THE SMIS ONTOLOGY.

Metric Value
Number of classes 57

Number of properties 27

- Datatype properties 10

- Object properties
Number of individuals 0

Direct popularity 0

Inverse popularity:

- Ontology direct imports 12

- Ontology indirect imports 10

- Classes 440

- DataType Properties 170

- Object Properties 454

Minimum SMI triple count 30

Maximum SMI triple count < 400

A. The web interface

We developed a Web-based application that allows for
adding user generated metadata to the triple store. For this pur-
pose, we used the Bootstrap CSS library for the graphical part,
an the JQuery JavaScript library for the dynamic handling of
the components. Figure 1 shows a screenshot of the developed
interface related to the selection of the main components of an
SMI. The interface incorporates the descriptions of the classes
as reported in the ontology comments, which are accessible
by hovering on the tip-tools placed near each class.

The Web interface also allows for querying the triple-
store. The user is enabled with the possibility to both coding
SPARQL queries and performing the queries by enabling a
pre-selected number of options.

B. Querying the database

Semantic metadata in RDF makes it possible to perform
complex queries over the data using a query language such as
SPARQL, under the assumption that the metadata is accurately
inserted in the database. We tested the SMI Ontology and the
database by using a set of queries, implemented in SPARQL.
The SPARQL syntax is closely related to RDF given the fact
that most queries are based on a basic graph pattern in the
form of a set of triples. Nevertheless, subjects, predicates and
objects may be substituted by variables. Prefix bindings are
created similarly to the N3 syntax. Results of the queries are
retrieved by means of matching patterns against triples in an
RDF store.

The following 10 queries were used. The corresponding
SPARQL listings are reported below.

1) How many smart instruments are pure electronic?
2) Which type of gesture-tracking sensors compose the

Smart Mandolin?
3) How many haptic actuators compose the Smart

Cajón?
4) How many smart guitars are equipped with a piezo-

electric microphone?

5) Which synthesizers are used in the sound engine of
the Sensus Smart Guitar?

6) How many smart mandolins are using a delay audio
plugin associated with a pressure sensor in the sensor
interface?

7) How many smart instruments are using the audio
plugin Retrologue by the company Steinberg?

8) Which online services are available for a smart guitar
and what are their purposes?

9) Which kind of equipment is connected to a smart
mandolin during this concert?

10) What SMIs are controlling the smartphones used by
the audience in a participatory concert?

IV. CONCLUSION

In this paper we described the development of a Web
service providing metadata about SMIs using Semantic Web
technologies. We presented a database populated according to
a survey of the SMIs domain, which was organized following
the structure of the SMI Ontology. We showed that RDF
metadata collected in such database allows for the retrieval
of detailed information about a given SMI or a given set of
SMIs. Such details about SMIs were retrieved by querying the
triple store holding information about the SMIs domain, using
the SPARQL query language.

The SMI Ontology is an implementation-driven ontology
that evolves during its use while developing SMIs and SMIs-
based applications. As a consequence, the ontology will be
growing depending on the introduction of new software and
hardware components that have not already been represented in
the current ontology, and that may form a SMI. Moreover, the
growth of the ontology will depend on the appearance of new
components around which IoMusT ecosystems are structured,
such as novel Musical Things, connectivity infrastructures,
or innovative applications and services. Therefore, also the
structure of the proposed database will change accordingly.

For distributed applications, the REST (Representational
State Transfer) architectural style is widely used. In future
work we will focus on making compatible the proposed
data service with REST. Future also work includes automatic
generation of RDF data from external resources as well as
developing software agents that utilize the database for rec-
ommendation, retrieval and search. Furthermore, in the near
future, we plan to release the developed triple store as a freely
accessible online resource.

Finally, it is the authors’ hope that this work could
contribute to the creation of the “Web of Musical Things”
envisioned in [14], as an extension of the Web of Things [42]
to the musical domain.
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PREFIX smi :< h t t p : / / p u r l . o rg / o n t o l o g y / i om us t / smi #>
SELECT COUNT( ? S M I P u r e E l e c t r i c I n s t r u m e n t )
WHERE
{

? S M I P u r e E l e c t r i c I n s t r u m e n t a smi : S M I E l e c t r i c I n s t r u m e n t
FILTER NOT EXISTS{ {? S M I P u r e E l e c t r i c I n s t r u m e n t a smi : S M I E l e c t r i c A c o u s t i c I n t r u m e n t } UNION
{? S M I P u r e E l e c t r i c I n s t r u m e n t a smi : S M I V i r t u a l R e a l i t y M u s i c a l I n s t r u m e n t }}

}
Listing 2. SPARQL query retrieving all SMIs that are purely electronic

PREFIX d e v i c e :< h t t p : / / p u r l . o rg / o n t o l o g y / s t u d i o / d e v i c e />
PREFIX mixer :< h t t p : / / p u r l . o rg / o n t o l o g y / s t u d i o / mixer #>
PREFIX owl:< h t t p : / / www. w3 . org / 2 0 0 2 / 0 7 / owl #>
SELECT DISTINCT ? s e n s o r T y p e
WHERE
{

? s e n s o r T y p e a owl : C l a s s .
? x a ? s e n s o r T y p e
FILTER EXISTS {?x d e v i c e : component of mixer : s m a r t M a n d o l i n G e s t u r e I n t e r f a c e }

}
Listing 3. SPARQL query retrieving the type of gesture-tracking sensors compose the Smart Mandolin

PREFIX smi :< h t t p : / / p u r l . o rg / o n t o l o g y / i om us t / smi #>
PREFIX s o s a :< h t t p : / / www. w3 . org / ns / s o s a />
PREFIX r d f s :< h t t p : / / www. w3 . org / 2 0 0 0 / 0 1 / r d f−schema #>
PREFIX s t u d i o :< h t t p : / / p u r l . o rg / o n t o l o g y / s t u d i o / d e v i c e />
PREFIX mixer :< h t t p : / / p u r l . o rg / o n t o l o g y / s t u d i o / mixer #>
SELECT COUNT( DISTINCT ? s m a r t C a j o n H a p t i c A c t u a t o r )
WHERE
{

? s m a r t C a j o n H a p t i c A c t u a t o r a s o s a : A c t u a t o r .
? s m a r t C a j o n H a p t i c A c t u a t o r s t u d i o : component of ? h a p t i c S y s t e m .
? h a p t i c S y s t e m a smi : H a p t i c D e l i v e r y S y s t e m .
mixer : s m a r t C a j o n smi : SMIcomponent ? h a p t i c S y s t e m .

}
Listing 4. SPARQL query retrieving the number of haptic actuators compose the Smart Cajón

PREFIX smi :< h t t p : / / p u r l . o rg / o n t o l o g y / i om us t / smi #>
PREFIX r d f s :< h t t p : / / www. w3 . org / 2 0 0 0 / 0 1 / r d f−schema #>
PREFIX d e v i c e :< h t t p : / / p u r l . o rg / o n t o l o g y / s t u d i o / d e v i c e />
PREFIX microphone :< h t t p : / / p u r l . o rg / o n t o l o g y / s t u d i o / microphone />
SELECT COUNT ( DISTINCT ? s m a r t G u i t a r )
WHERE
{

? s m a r t G u i t a r r d f s : l a b e l ? s m a r t G u i t a r L a b e l ; smi : SMIcomponent ? a u d i o I n t e r f a c e .
? microphone d e v i c e : component of ? a u d i o I n t e r f a c e ; a microphone : P i z o e l e c t r i c M i c r o p h o n e .
FILTER r e g e x ( ? s m a r t G u i t a r L a b e l , ” Smart G u i t a r ” , ” i ” )

}
Listing 5. SPARQL query retrieving the number of smart guitars are equipped with a piezo-electric microphone.

PREFIX smi :< h t t p : / / p u r l . o rg / o n t o l o g y / i om us t / smi #>
PREFIX r d f s :< h t t p : / / www. w3 . org / 2 0 0 0 / 0 1 / r d f−schema #>
PREFIX s t u d i o :< h t t p : / / p u r l . o rg / o n t o l o g y / s t u d i o / d e v i c e />
SELECT ? s y n t h
WHERE
{

? soundEngine a smi : SoundEngine ;
s t u d i o : p l u g i n ? s y n t h . ? s y n t h r d f s : l a b e l ? l a b e l .
? s t r u m e n t o r d f s : l a b e l ” Sensus Smart G u i t a r ” ; smi : SMIcomponent ? soundEngine .
FILTER r e g e x ( ? l a b e l , ” Synth ” , ” i ” )

}
Listing 6. SPARQL query retrieving the synthesizers used in the sound engine of the Sensus Smart Guitar
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PREFIX smi :< h t t p : / / p u r l . o rg / o n t o l o g y / i om us t / smi #>
PREFIX r d f s :< h t t p : / / www. w3 . org / 2 0 0 0 / 0 1 / r d f−schema #>
PREFIX s o s a :< h t t p : / / www. w3 . org / ns / s o s a />
PREFIX aufx :< h t t p s : / / w3id . o rg / au f x / o n t o l o g y / 1 . 0 #>
SELECT COUNT( DISTINCT ? smar tMando l in )
WHERE
{

? smar tMando l in r d f s : l a b e l ? s m l a b e l . ? p r e s s u r e S e n s o r a smi : P r e s s u r e S e n s o r s ;
s o s a : i sHos tedBy ? smar tMando l in ;
s o s a : madeObse rva t ion ? o b s e r v a t i o n . ? s i g n a l
s o s a : i s R e s u l t O f ? o b s e r v a t i o n .

? t r a n s f o r m au fx : i n p u t s i g n a l ? s i g n a l ;
smi : i m p l e m e n t a t i o n ? p l u g i n .

? p l u g i n r d f s : l a b e l ? p l u g i n L a b e l .
FILTER r e g e x ( ? smlabe l , ” Smart Mandol in ” , ” i ” ) .
FILTER r e g e x ( ? p l u g i n L a b e l , ” Delay ” , ” i ” )

}
Listing 7. SPARQL query retrieving the number of smart mandolins are using a delay audio plugin associated with a pressure sensor in the sensor interface.

PREFIX smi :< h t t p : / / p u r l . o rg / o n t o l o g y / i om us t / smi #>
PREFIX r d f s :< h t t p : / / www. w3 . org / 2 0 0 0 / 0 1 / r d f−schema #>
PREFIX s t u d i o :< h t t p : / / p u r l . o rg / o n t o l o g y / s t u d i o / d e v i c e />
PREFIX mixer :< h t t p : / / p u r l . o rg / o n t o l o g y / s t u d i o / mixer #>
SELECT COUNT( DISTINCT ? s t r u m e n t o )
WHERE
{

? soundEngine s t u d i o : p l u g i n mixer : r e t r o l o g u e ; a smi : SoundEngine .
? s t r u m e n t o smi : SMIcomponent ? soundEngine .

}
Listing 8. SPARQL query retrieving the number of SMIs using the audio plugin Retrologue by the company Steinberg.

PREFIX r d f s :< h t t p : / / www. w3 . org / 2 0 0 0 / 0 1 / r d f−schema #>
PREFIX d e v i c e :< h t t p : / / p u r l . o rg / o n t o l o g y / s t u d i o / d e v i c e />
SELECT DISTINCT ? s e r v i c e
WHERE
{

? s m a r t G u i t a r r d f s : l a b e l ? s m a r t G u i t a r L a b e l ; d e v i c e : s e r v i c e ? s e r v i c e .
FILTER r e g e x ( ? s m a r t G u i t a r L a b e l , ” Smart G u i t a r ” , ” i ” )

}
Listing 9. SPARQL query retrieving all online services available for a smart guitar and their purposes.

PREFIX r d f s :< h t t p : / / www. w3 . org / 2 0 0 0 / 0 1 / r d f−schema #>
PREFIX i o m u s t :< h t t p : / / p u r l . o rg / o n t o l o g y / i o m u s t / i n t e r n e t o f t h i n g s />
PREFIX mixer :< h t t p : / / p u r l . o rg / o n t o l o g y / s t u d i o / mixer #>
PREFIX mo:< h t t p : / / p u r l . o rg / o n t o l o g y / mo/>
PREFIX owl:< h t t p : / / www. w3 . org / 2 0 0 2 / 0 7 / owl #>
SELECT DISTINCT ? t y p e
WHERE
{

mixer : s m a r t M a n d o l i n A u g m e n t e d P a r t i c i p a t o r y L i v e P e r f o r m a n c e mo : i n s t r u m e n t ? smar tMando l in .
? c o n n e c t i o n i omu s t : c o n n e c t s ? smar tMandol in , ? equ ipment . ? equ ipment a ? t y p e .

FILTER NOT EXISTS
{

mixer : s m a r t M a n d o l i n A u g m e n t e d P a r t i c i p a t o r y L i v e P e r f o r m a n c e
mo : i n s t r u m e n t ? equ ipment . ? equ ipment r d f s : l a b e l ? l a b e l .
FILTER r e g e x ( ? l a b e l , ” Smart Mandol in ” , ” i ” )

}
FILTER ( ? t y p e != owl : N a m e d I n d i v i d u a l )

}
Listing 10. SPARQL query retrieving all kind of equipment connected to a smart mandolin during a given concert.
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Fig. 1. Screenshot of the part of the database interface related to the selection of the main components of an SMI.

PREFIX r d f s :< h t t p : / / www. w3 . org / 2 0 0 0 / 0 1 / r d f−schema #>
PREFIX i o m u s t :< h t t p : / / p u r l . o rg / o n t o l o g y / i o m u s t / i n t e r n e t o f t h i n g s />
PREFIX mixer :< h t t p : / / p u r l . o rg / o n t o l o g y / s t u d i o / mixer #>
PREFIX mo:< h t t p : / / p u r l . o rg / o n t o l o g y / mo/>
SELECT DISTINCT ? i n s t r u m e n t
WHERE
{

mixer : s m a r t M a n d o l i n A u g m e n t e d P a r t i c i p a t o r y L i v e P e r f o r m a n c e mo : i n s t r u m e n t ? i n s t r u m e n t .
? app i o mu s t : i n v o l v e s ? i n s t r u m e n t ; i o m u s t : runsOn ? s m a r t T h i n g .
? s m a r t T h i n g i o m u s t : be longsTo ? p e r s o n ; r d f s : l a b e l ? l a b e l .
? p e r s o n mo : l i s t e n e d mixer : s m a r t M a n d o l i n A u g m e n t e d P a r t i c i p a t o r y L i v e P e r f o r m a n c e .
FILTER r e g e x ( ? l a b e l , ” Smartphone ” , ” i ” )

}
Listing 11. SPARQL query retrieving all SMIs controlling the smartphones used by the audience in a participatory concert.
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