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ABSTRACT

This study presents the Music Informatics for Radio Across

the GlobE (MIRAGE) online dashboard, which allows

users to access, interact with, and export metadata (e.g.,

artist name, track title) and musicological features (e.g.,

instrument list, voice type, key/mode) for 1 million events

streaming on 10,000 internet radio stations across the

globe. Users can search for stations or events according to

several criteria, display, analyze, and listen to the selected

station/event lists using interactive visualizations that in-

clude embedded links to streaming services, and finally ex-

port relevant metadata and visualizations for further study.

1. INTRODUCTION

Despite its scholarly neglect relative to television, film,

and print [1], radio’s convergence with the internet has ex-

tended its reach via web browsers and smartphone apps,

enabling the medium to persist as a central site of culture

and daily life for communities around the world [2,3]. The

recent resurgence of pirate and community radio stations

on the internet alongside national and multinational net-

works also reflects internet radio’s lower production costs

relative to short-wave terrestrial (e.g., FM or AM) radio

[4], resulting in a diverse range of both standardized and

specialized programming [5–7].

And yet, the volume and scope of much of the research

in fields like radio studies has been freighted heavily to-

wards the Global North [1]. In doing so, the research pro-

gram just described attempts to situate listeners within a

particular musical tradition (e.g., western classical or pop-

ular music), rather than within a particular geographic en-

vironment (e.g., El Paso, Texas) where myriad musical tra-

ditions might co-exist. As a result, music’s vast global mar-

ketplace has yet to receive sustained scholarly attention in

the MIR community.

To address this issue, this study presents the develop-

ment release (v0.2) of the Music Informatics for Radio

Across the GlobE (MIRAGE) online dashboard, which
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allows users with potentially little training in computa-

tional methods to access, interact with, and export meta-

data (e.g., artist name, track title) and musicological fea-

tures (e.g., instrument list, voice type, key/mode) for 1

million events streaming on 10,000 internet radio stations

across the globe. To that end, Section 2 summarizes pre-

vious research on the development of digitized music cor-

pora and cultural databases. Next, Section 3 presents the

MIRAGE-MetaCorpus, Section 4 introduces the MIRAGE

online dashboard, and Section 5 offers a potential use case.

Finally, Section 6 discusses limitations and future direc-

tions for the MIRAGE project.

2. PREVIOUS RESEARCH

In recent years, researchers in music theory, music in-

formation retrieval (MIR), and radio/media studies have

developed digitized music corpora and cultural databases

that represent data in machine-readable symbolic and au-

dio formats.

In computational music theory, heavily curated corpora

(100s of songs) like the McGill Billboard and Rolling

Stone-200 data sets include expert annotations for musical

parameters like harmony, meter, and melody, for example,

but remain restricted to Anglophone popular music tradi-

tions [8,9]. What is more, the limited size of symbolic cor-

pora makes comparative research especially difficult [10].

In MIR, corpora like the Million Song data set address

issues of scale while avoiding copyright infringement by

providing researchers with publicly available metadata and

musicological features protected under fair use for a large

collection of songs hosted on commercial music-streaming

services like last.fm [11]. Nevertheless, the size, scope,

and format of these projects require extensive training in

distant-reading (i.e., computational) methods [12–14]. As

a result, MIR corpora sometimes eschew the kinds of mu-

sical engagements favored by scholars in humanities dis-

ciplines using close-reading methodologies. Finally, the

projects referenced above do not include information about

the geographic location of the music encountered by listen-

ers in everyday life.

Finally, in radio/media studies, researchers routinely

employ interview and survey methodologies to explore ra-

dio stations across the globe [15, 16], in some cases by

selecting samples from radio-station directories hosted on-

line [17]. The now defunct ComFM, for example, included

a catalogue of web-radio stations classified according to
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Radio Sovereign

Continent Stations States

Africa 392 (4%) 39 (58%)

Asia 653 (7%) 38 (59%)

Europe 5,161 (52%) 49 (60%)

North America 2,243 (22%) 33 (67%)

Oceania 222 (2%) 5 (17%)

South America 1,329 (13%) 13 (87%)

TOTAL 10,000 177

Figure 1. Descriptive statistics (left) and geographic map (right) of the radio stations in MIRAGE-MetaCorpus. The size

of each bubble represents the number of stations at that location.

geographic region and type of programming. Other cur-

rent internet radio directories like radio.co and internet-

radio.com offer searchable databases consisting of several

thousand stations, but they do not permit users to access or

export the entire database for further analysis.

The MIRAGE online dashboard addresses these issues

by offering a global archive of the musical traditions en-

countered on internet radio. For this reason, the dash-

board’s database could serve MIR tasks like music rec-

ommendation and genre classification, but the dashboard

itself also allows researchers with potentially little training

in computational methods to select and analyze a subset of

events or stations (i.e., to develop their own sub-corpora).

Finally, like previous MIR projects [11], the MIRAGE on-

line dashboard avoids copyright infringement by includ-

ing publicly available metadata and musicological features

protected under fair use while enabling users to stream

recordings using embedded links to commercial services

like Spotify and YouTube.

3. MIRAGE METACORPUS

The core database for the MIRAGE online dashboard is

MIRAGE-MetaCorpus, which currently consists of meta-

data and musicological features for 1 million events that

streamed on 10,000 internet radio stations across the globe.

In this context, an ‘event’ could represent a musical work

of some kind, or a radio program like a podcast or a call-in

show.

3.1 Collecting MetaData

Following [12], data collection consisted of three stages:

station-list and event-list collection (Stage 1), station-list

review (Stage 2), and event-list parsing (Stage 3).

3.1.1 Stage 1: Collecting Station/Event Lists

Toward Stage 1, the research team collected metadata for

an initial list of internet radio stations and then monitored

the station streams to obtain additional metadata from the

stream encoder. To that end, we monitored radio stations

in real time on Radio Garden, 1 a streaming service with

an open-access application programming interface (API)

1 https://radio.garden.

that allows users to select and play publicly available radio

streams using an interactive representation of the globe.

Between the months October to January 2022-2023, a

random sample of 10,000 stations from the initial station

list was monitored throughout the 24-hour day – but avoid-

ing each ten-minute period at the top and bottom of the

hour when advertising is most frequent – in order to obtain

additional metadata from the stream encoder for 100 events

from each station, resulting in an initial list of 1 million

events. The monitoring algorithm also excluded an event

if the stream description did not include metadata, or if the

metadata featured advertising terms or reflected a station

blackout period (e.g., ‘advert’, ‘commercial’, ‘unknown’,

‘blackout’, etc.).

During event-list collection, additional metadata for

each location in the initial station list was also included

from the Natural Earth map data set, 2 which provides

public-domain vector and map raster data along with ac-

companying metadata.

Shown in Figure 1, the selected station list represents

177 of the globe’s 305 sovereign states. As a random sam-

ple of Radio Garden’s station list (i.e., the Radio Garden

sample), this release of the MIRAGE-MetaCorpus (v0.2)

therefore reflects the prevalence of internet radio stations

across the globe on the Radio Garden streaming service.

3.1.2 Stage 2: Reviewing Stations

Toward Stage 2, a team of six human annotators began re-

viewing station-level metadata from the Radio Garden API

and radio-station stream encoder in 2023-2024. For each

station, an annotator reviewed the station’s website url, sta-

tion name, city, and country for incorrect/missing spelling,

capitalization, punctuation, and diacritics. Next, the list of

genres, formats, and terrestrial (FM/AM) station frequen-

cies (if applicable) were reviewed and/or included using

information on the station website. Finally, the annotator

reviewed the corresponding event list for each station to

determine the percentage of events that featured reliable

stream-description metadata (i.e., artist name, track title).

Currently, the research team has reviewed over 6,000

stations and plans to complete station-list review by 2025.

2 https://www.naturalearthdata.com/.
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<location>

<city>
ab Johor Bahru

<country>
ab Malaysia

<country_GDP>
b 863 Billion

<coordinates>
ab 103.6545°, 1.4783°

<station>

<name>
cd Best FM

<form>
cd Simulcast (FM 104.1)

<format>
d Adult Contemporary

<genre>
cd pop, Indonesian pop

<website>
cd http://www.bestfm.com.my

<event>

<time@station>
c 12/28/2022 9:37

<description>
c Aisha Retno – Sutera

<reliability>
e 1

<artist>

<name>
f Aisha Retno

<type>
f musical artist

<gender>
f female

<country>
f Malaysia

<genre>
f pop

<instruments>
f piano, voice

<track>

<title>
f Sutera

<duration>
f 03:18

<year_released>
f 2022

<key>
f C minor

<language>
f Malay

Table 1. Left: Selected variables from the encoding

scheme for MIRAGE-MetaCorpus, expressed in pseu-

docode. Metadata were obtained from the following

sources: a Radio Garden API; b Natural Earth map data

set; c Internet Radio Station Stream Encoder; d Annotator

Review; e Monitoring/Matching Algorithm; f Online Mu-

sic Libraries. Right: An example of the metadata for an

event in MIRAGE-MetaCorpus.

3.1.3 Stage 3: Parsing Events

Toward Stage 3, additional metadata were collected for

each event using the Spotify and WikiData online music

libraries. 3 Specifically, the team queried each API us-

ing each event’s stream description. The obtained list of

matching queries was then filtered using a normalized edit

distance measure. Query lists featuring more than one

matching entry based on normalized edit distance were

then ranked by release date, and the track with the oldest

release date was selected.

3.2 MetaData Variables

Each event in MIRAGE-MetaCorpus includes metadata

for 100 variables obtained from the Radio Garden API

(RG), the Natural Earth map data set (NE), the in-

ternet radio station stream encoder (SE), annotator re-

view (AR), or using the online music libraries Wiki-

Data (WD), MusicBrainz (MB), Spotify (SP), Musixmatch

(MX), YouTube (YT), Genius (GE), and AZlyrics (AZ).

Shown in Table 1, these metadata reflect information about

each event’s location, station, event, artist, and track. For

3 https://open.spotify.com; https://www.wikidata.org.

example, location metadata includes variables like the

city, country, and geographic coordinates of the monitored

event, as well as demographic data like the country’s pop-

ulation and GDP. Station metadata includes its name, form

(a webcast stream, or a stream simulcast on the internet and

terrestrial radio frequencies), formats (e.g., Top 40), and

the station’s website url. Event metadata includes variables

like the local time when the station was monitored and the

event’s identifying metadata, such as the name of the artist

and title of the recording. Finally, artist and track metadata

include variables like the name and type of the artist, and if

the artist is a group, a list of the group’s members and their

demographic information (their listed genders, sexual ori-

entations, and ethnicities), the group’s country of origin by

birth and/or citizenship, the title and duration of the track,

and its year of release.

3.3 MetaData Access & Export

Users may access the complete MIRAGE-Metacorpus with

the online dashboard. 4 In addition, public-domain meta-

data from MIRAGE-MetaCorpus are available for down-

load in an open-access repository on Zenodo [18], which

includes both the complete data set and a subset of the

data set for which the metadata obtained from the station’s

stream encoder and the corresponding metadata provided

by online music libraries was deemed a reliable match (i.e.,

where the normalized edit distance measure between the

two metadata character strings was ≥.90 on a 0–1 scale).

4. MIRAGE ONLINE DASHBOARD

The MIRAGE online dashboard is an open-access web ap-

plication that enables users to effortlessly navigate and en-

gage with radio-station metadata and musicological fea-

tures at various levels of detail. The dashboard’s layout

consists of fully interactive panes displaying relevant in-

formation from MIRAGE-MetaCorpus. The dashboard is

also compatible with multiple platforms and operating sys-

tems, so users may access and interact with the dashboard

from any internet-connected device.

The complete technology stack of the dashboard in-

cludes Node.js for the server, MongoDB for the database,

and React for the front end. This integration of technol-

ogy guarantees a smooth user experience and effective data

processing. Moreover, the dashboard may be tailored to

accommodate individual users’ distinct requirements and

inclinations, rendering it a versatile instrument for analyz-

ing radio stations. What is more, incorporating these tech-

nologies enables instantaneous data updates and interac-

tive functionalities, thereby boosting the overall user expe-

rience over subsequent versions of the dashboard. In ad-

dition, the MIRAGE dashboard offers sophisticated search

and filtering tools and the ability to export metadata and

visualizations in URL, CSV, PNG, and SVG formats, al-

lowing users to study and share data easily.

4 The MIRAGE online dashboard is available at https://pearl-
laboratory.github.io/mirage-mc/.

Proceedings of the 25th ISMIR Conference, San Francisco, USA and Online, Nov 10-14, 2024

283



Figure 2. An overview of the MIRAGE online dashboard (v0.2).

4.1 Structure & Processing

Shown in Figure 2, the MIRAGE dashboard’s layout is

divided into two groups: a toolbox on the top (A) and

data-visualization panels below (B-D), making it easy for

users to navigate and analyze information. The toolbox

at the top includes options for language preference, panel-

display customization, and searching. The data visualiza-

tion panels show the data in various formats, such as charts,

graphs, and tables, for straightforward interpretation and

analysis. The panels can also dock to allow the user to cre-

ate a customized layout, or open to another window (or un-

dock) to permit a more detailed view suitable for multiple-

screen presentations.

Shown in Figure 3, the database is partitioned into five

tables: location, station, event, artist, and track. The data

are structured in this manner to facilitate convenient re-

trieval and examination of each category while minimizing

duplication. In this way, the database allows for easy fil-

tering and sorting based on specific criteria, enhancing the

overall efficiency of data analysis. Additionally, partition-

ing of data into separate tables helps to prevent errors and

inconsistencies in data entry and manipulation.

4.2 Layout

4.2.1 Earth-View Panel

The 3D interactive Earth-view (or ‘globe’) panel visualizes

the number of stations across the globe. Shown in Figure 2,

each hexagonal-shaped vertical bar identifies the locations

where radio stations reside. The height of each bar rep-

resents the number of stations at that geographic location,

and the bars are also color-coded by country. The Earth-

view panel is also linked to the event-list panel such that

when a user selects a specific location on the Earth view,

the event-list panel automatically filters (i.e., restricts) the

station- and event-level metadata to the selected location.

In this way, users may compare the number of stations

in various regions and discern any recurring patterns or

trends.

4.2.2 Event-List Panels

Once users have selected a specific location on the interac-

tive Earth-view panel or using the search function on the

toolbox, they can retrieve metadata for the top 1,000 most

recent entries in the event-list panel. Users can also se-

lect and add events to the selected event-list panel for fur-

ther analysis and/or export, enabling users to revise their

search parameters without losing selected metadata. The

event-list panels also allow users to download the contents

of either table in CSV format, or obtain a URL to share the

Figure 3. Database tables and connections for the MI-

RAGE online dashboard.
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Figure 4. Top: Examples of the event-detail (top) and lis-

ten (bottom) panels in the MIRAGE online dashboard.

results of their most recent search with another user.

4.2.3 Map Panel

The map panel enables users to readily visualize the

events’ geographic distribution in the event-list panel.

Each dot on the map reflects the precise position of a par-

ticular event, and the size of the dot represents the number

of events at that position. If the user selects an event from

the event-list panel, that event will be represented by a red

dot in the map panel. In this way, the map panel offers

users a distinctive method for visualizing the geographical

variety of the events in the event-list panel.

4.2.4 Event-Detail & Listen Panels

Shown in Figure 4, the event-detail panel displays the cur-

rently selected event from the event-list panel. The con-

tent is categorized into four sections: radio-station meta-

data (e.g., name, location, formats, url, etc.), event meta-

data (i.e., stream description), artist details (e.g., name(s),

gender(s), group affiliations, instrument(s), etc.), and track

metadata (e.g., track title, duration, key/mode, etc.). Fig-

ure 4, for example, presents all available metadata for In-

donesian singer Anggun’s “Snow on the Sahara,” which

streamed on Radio ITB86 in Jakarta, Indonesia on Decem-

ber 16, 2022. Note that users can obtain a list of demo-

graphic (e.g., gender, nationality, etc.) and musicologi-

cal (e.g., list of instruments, vocal type, associated gen-

res, etc.) information about Anggun, review additional

metadata about the song itself (year released, language, the

song’s lyricist(s), etc.), and finally navigate to other web-

sites and online music libraries using the provided hyper-

links.

Finally, the listen panel allows users to stream available

recordings using embedded links to the integrated Spotify

and YouTube platforms. Although not all events are avail-

able on both platforms, the dashboard is regularly updated

to ensure that the provided information is current.

4.2.5 Event-List Visualization Panel

Shown in Figure 5, the event-list visualization panel allows

users to explore the searched or selected event list using

interactive bar, scatter, and histogram plots. For each plot,

users may select the appropriate metadata variable(s) from

a dropdown list, edit the plot using Plotly Chart Studio, 5 ,

and finally export the plot in SVG format.

5. EXAMPLE USE CASE

The metadata and visualizations produced by the MIRAGE

online dashboard have numerous applications for users.

Figure 5, for example, examines Anggun’s “Snow on the

Sahara” within the context of events produced by Indone-

sian artists across the globe (left), or streaming on Indone-

sian radio stations (right). The MIRAGE-MetaCorpus fea-

tures 37 events (and 12 tracks) produced by Anggun, of

which 21 were “Snow on the Sahara” (or its French lan-

guage version, “La neige au Sahara”).

Among Indonesian artists, music genres familiar to

western listeners like pop, pop-rock, and alternative rock

rank in the top 10, along with characteristic southeast

Asian genres like dangdut and koplo. Among events

streaming on Indonesian stations, music by Indonesian

artists also ranks first, though several Anglophone coun-

tries also rank in the top ten (USA, UK, etc.). Scatter plots

of a two-dimensional arousal-valence emotion space and

a two-component solution from a principal components

analysis of the track’s danceability, speechiness, acous-

ticness, liveness, and instrumentalness further reveal the

track’s unconventional expressive and musical character-

istics relative to the other tracks produced by Indonesian

artists or streaming on Indonesian stations. Finally, his-

tograms of the track’s popularity and year of release reflect

the song’s enduring popularity more than two decades after

its initial release.

6. CONCLUSION & ETHICAL CONSIDERATIONS

This development release (v0.2) of the MIRAGE online

dashboard provides a snapshot of the contemporary global

listening landscape for scholars across the (digital) human-

ities. Our purpose in doing so is to facilitate cross-cultural,

comparative research, which has become a pressing con-

cern in several music disciplines [1, 19–21]. To that end,

the MIRAGE-MetaCorpus features metadata for 1 million

events that streamed on 10,000 radio stations across the

globe, and the dashboard is interoperable with several plat-

forms and operating systems [22, 23].

5 chart-studio.plotly.com.
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Figure 5. Event-List Visualization Pane for events by Indonesian artists (left) or Indonesian stations (right) in the MIRAGE

online dashboard. The red star indicates the position of Anggun’s “Snow on the Sahara.”

As a metadata repository, the MIRAGE-MetaCorpus

contains links to online resources that we do not control.

To mitigate the potential for dataset degradation over time,

the research team plans to update (and collect additional)

metadata annually. Nevertheless, the attribution metadata

provided by the radio station’s stream encoder does not al-

ways reliably match metadata provided by online music

libraries. In our view, nonmatching (or ‘unreliable’) meta-

data allow the research community to evaluate the cover-

age (i.e., bias) of online music libraries for the music found

on internet radio. Nevertheless, MIRAGE users should be

aware of the potential for matching errors. For tasks where

higher match quality is important, users may search for re-

liable metadata in the online dashboard, or export reliable

subsets of the MIRAGE-MetaCorpus.

Similarly, this project provides access to metadata and

musicological features produced by proprietary (or other-

wise undisclosed) algorithms, often trained on western mu-

sical traditions and their associated organizational princi-

ples. As a result, we encourage the research community

to treat the attribution metadata in MIRAGE as a starting

point for developing corpora and methodologies involving

other musical traditions [24, 25].

In developing the MIRAGE online dashboard, the re-

search team has attempted to protect the interests of copy-

right holders by only including publicly available metadata

protected under fair use while enabling users to stream

recordings using embedded links to commercial services

like Spotify or YouTube. The dashboard also adheres to

the user agreements from the libraries and streaming ser-

vices mentioned above (e.g., Radio Garden, Spotify, Wiki-

Data), according to which users may access and interact

with all data on the online dashboard, but they may only

export public-domain data for further analysis and study

(i.e., from the Radio Garden API, the Natural Earth data

set, station stream encoder, and WikiData). Perhaps most

importantly, this project did not directly record/store au-

dio from station streams at any point in the data-collection

pipeline.

Nevertheless, we acknowledge the concerns of copy-

right holders (artists, radio stations, online music libraries,

and streaming services) who do not wish to share attribu-

tion metadata about their work (e.g., artist demographics,

track details, etc.). We only provide links to publicly avail-

able sources and do not own the copyright for any mu-

sic referenced in the MIRAGE-MetaCorpus. For that rea-

son, copyright holders may request the removal of meta-

data from the MIRAGE project. 6

In addition to completing station-list review for the re-

maining stations in MIRAGE-MetaCorpus, future versions

of the dashboard will transition from React+Nodejs to

Remix in order to enhance the speed of queries and allow

users to access and review more than 1,000 events simulta-

neously in the event-list panel. The team also plans to con-

duct a usability study to examine the dashboard’s practical

utility, as well as incorporate additional customizable sam-

pling and visualization tools like statistical surface maps

to enhance the user’s exploration of metadata variables in

MIRAGE [26]. In doing so, we hope future versions of

6 Please contact miragedashboard@gmail.com.
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this dashboard will facilitate cross-cultural, comparative

research for a medium that places diversity center stage.
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