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About this tutorial

1. Introduction to MIR and audio analysis. MIR applications and a typical analysis pipeline.

2. Using Essentia.js for music and audio analysis. Overview of available music audio features and application use-cases.

3. Getting started with Essentia.js. Writing your first “Hello world” application. Using Essenta.js for deferred-time vs. real-time 

analysis.

4. Available demos and template projects in a JavaScript playground.

5. Deep learning inference with Essentia.js using pre-trained machine learning models. Interface with TensorFlow.js.

6. Demos and examples of using Essentia.js for machine learning inference.

7. An industrial use-case example: audio problem detection for music distribution with Essentia.js.

8. QA and a playground session.
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Audio analysis and Music Information Retrieval (MIR)

● Audio analysis (Wikipedia): “Extraction of information and meaning from audio signals for 
analysis, classification, storage, retrieval, and synthesis.” 

● Since 2000, we have a dedicated conference:
International Society for Music Information Retrieval (ISMIR) conference

● ISMIR web page: “processing, searching, organising and accessing music-related data.”
● Wikipedia: “the interdisciplinary science of retrieving information from music”.
● Lots of MIR research is audio-based

● A few MIR tutorials: 
○ A Basic Introduction to Audio-Related Music Information Retrieval
○ Music Information Retrieval: Overview, Recent Developments and Future Challenges

● Similarly, there is a lot of research on sound information retrieval
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https://www.ismir.net
https://www.audiolabs-erlangen.de/resources/MIR/2017_TutorialAudioMIR_ISMIR/
https://www.upf.edu/web/mtg/mir-overview-recent-developments-future
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Some examples of music and sound retrieval tasks
Music/sound browsing interfaces

Music/sound search, exploration and recommendation

Freesound Explorer

SongExplorer for Reactable
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Some examples of music and sound retrieval tasks
Query by example, sound/music similarity

https://freesound.org
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Music/sound classification

Some examples of music and sound retrieval tasks

https://acousticbrainz.orgThe AudioSet ontology
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Some examples of music and sound retrieval tasks

Semantic/tag-based retrieval
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Some examples of music and sound retrieval tasks

Key & tempo estimation
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Some examples of music and sound retrieval tasks

Source: https://source-separation.github.io/tutorial

Music source separation
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Some examples of music and sound retrieval tasks

Automatic music transcription

Benetos et al. 2019. Automatic Music Transcription: An Overview
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Some examples of music and sound retrieval tasks

Music identification, cover song identification

Source:  https://acoustid.biz/

Furkan et al. 2020. Version identification in the 20s.
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Some examples of music and sound retrieval tasks

Music visualizationMusic/sound production



Extracting audio features

Many possibilities for applications operating with music/sound features retrieved 
from audio. Extracting this features is a fundamental step.

Low- and mid-level sound and music features

sound envelope, loudness, timbre, tonality, pitch/melody, onsets, rhythm, etc.

High-level semantic descriptors

type of sound, music genres, instrumentation, moods, danceability, etc.
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Open-source library and tools for audio and music analysis, description and synthesis

● Extensive collection of reusable algorithms
● Written in C++ and optimized for computational speed
● Python bindings for fast prototyping
● Feature extractors for large-scale audio analysis 
● Cross-platform (Linux, Mac OS X, Windows, iOS, Android)
● Support for mobile platforms and real-time processing
● Developed at Music Technology Group, UPF

Essentia https://essentia.upf.edu

15

https://essentia.upf.edu


260+ algorithms for audio signal processing and analysis, and 
sound and music description, developed at MTG

● Standard audio IO & DSP
● Sound and music descriptors

○ spectral features
○ rhythm and tempo
○ tonality, pitch and melody
○ loudness/dynamics
○ sound envelope
○ audio segmentation
○ fingerprinting

● Machine-learning based descriptors
○ genres, moods, instrumentation, …
○ SVM classifiers, inference with TensorFlow deep learning models

Essentia
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https://essentia.upf.edu/algorithms_reference.html


Modularity and processing chains
Users can build their own extractors for the descriptors they want to compute in a 
“data-flow” manner
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Many applications in MIR and beyond
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Music and Audio analysis on the Web, so far
Plenty of web applications use audio analysis capabilities

Since

- Limitations of the client devices and the web browsers itself.

But ...

Most of them do audio analysis on the servers

- Web Audio API capabilities are limited for audio analysis.
- Lack of extensive software libraries for on-client computation.
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Existing audio analysis APIs and libraries on the web

Spotify API - audio features for music in Spotify

Freesound API - audio analysis for sounds in Freesound with Essentia

AcousticBrainz API - database of audio features extracted with Essentia

Meyda https://meyda.js.org - written purely in JS

JS-Xtract https://github.com/nickjillings/js-xtract - JS conversion of LibXtract

aubiojs https://qiuxiang.github.io/aubiojs - JS conversion of some Aubio algorithms
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https://meyda.js.org/
https://github.com/nickjillings/js-xtract
https://qiuxiang.github.io/aubiojs/


Music/audio analysis with Essentia and Essentia.js

An open-source JavaScript library,
powered by Essentia WebAssembly

https://essentia.upf.edu/essentiajs

C++ library
https://essentia.upf.edu
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https://essentia.upf.edu/essentiajs
https://essentia.upf.edu/essentiajs


An open-source Javascript library for music/audio analysis and 
processing,

powered by WebAssembly

https://essentia.upf.edu/essentiajs

Correya, A. A., Bogdanov, D., Joglar-Ongay, L., & Serra, X. (2020). Essentia. js: a JavaScript library for music and audio analysis on 
the web. Proceedings of the 21st International Society for Music Information Retrieval Conference; 2020 Oct 11-16; Montréal, 
Canada.[Canada]: ISMIR; 2020. p. 605-12.. International Society for Music Information Retrieval (ISMIR).
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https://essentia.upf.edu/essentiajs
https://repositori.upf.edu/bitstream/handle/10230/45451/bogdanov_ismir_essent.pdf?sequence=1&isAllowed=y
https://repositori.upf.edu/bitstream/handle/10230/45451/bogdanov_ismir_essent.pdf?sequence=1&isAllowed=y
https://repositori.upf.edu/bitstream/handle/10230/45451/bogdanov_ismir_essent.pdf?sequence=1&isAllowed=y


License
AGPLv3 + commercial license under request

https://www.gnu.org/licenses/agpl-3.0.en.html

https://opensource.stackexchange.com/questions/4442/how-does-the-agpl-apply-to-javascript-libraries
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https://www.gnu.org/licenses/agpl-3.0.en.html
https://opensource.stackexchange.com/questions/4442/how-does-the-agpl-apply-to-javascript-libraries


Let's checkout essentia.js in action!
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essentia.js examples

https://mtg.github.io/essentia.js/examples/


Design choices & functionalities

- User friendly API & utility tools
- Easy-to-use

- Lightweight and lesser dependencies
- Small as 2.7 MB ~

- Modularity & Extensibility
- Easy-to-customize and build

- Web standards compliance
- Web Audio API, Audio Worklet, ES6 etc.

- Reproducibility across different platforms
- Native and Web (C++, Python and JavaScript)

- Easy installation
- NPM, CDN etc

- Extensive documentation and examples



Abstractions
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EssentiaWASM

Essentia JS/TS API

Essentia JS add-on module

essentia-wasm.web.js
essentia-wasm.umd.js
essentia-wasm.es.js

essentia.js-core.js
essentia.js-core.umd.js
essentia.js-core.es.js

essentia.js-model*.js
essentia.js-plot*.js
essentia.js-extractor*.js



Web-friendly 
JavaScript 
Library for 
browsers
and Node.js apps 
that includes 
most of Essentia 
algorithms.

Essentia 
WebAssembly 
backend

High-level JS API

Add-on modules
essentia.js-model
essentia.js-plot

essentia.js-extractor

https://emscripten.org/
https://developer.mozilla.org/en-US/docs/WebAssembly
https://www.typescriptlang.org/

Wrapper for
selected 
algorithms

Code 
generator

Wrapper for
selected 
algorithms
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https://emscripten.org/
https://developer.mozilla.org/en-US/docs/WebAssembly
https://www.typescriptlang.org/


Known limitations

- As of now, only 200 Essentia algorithms are supported (here).
- But all algorithms are available via custom C++ wrapper.
- Essentia.js has not been through rigorous QA tests. Hence, backward 

compatibility is not guaranteed and not fully production-ready. 

But, we are currently on active development on making 
towards a stable production-ready release.

You're most welcome to contribute!
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https://github.com/MTG/essentia.js/blob/master/src/python/excluded_algos.md
https://mtg.github.io/essentia.js/docs/api/tutorial-4.%20Building%20from%20source.html#writing-custom-essentia-c-extractor-and-cross-compile-to-js-for-better-performance-on-js


Getting started

npm install essentia.js

script

ES6 style imports

30



Basic HTML use

Import the library

Instantiate Essentia.js with WASM backend

Get audio

Use Essentia.js algorithms

Steps:

Fetch file and decode

Request live microphone stream *
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On Node.js
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ES6 import

Here, EssentiaWASM backend is loaded synchronously



Hands-on session
Go to: https://glitch.com/@jmarcosfer/wac-21-essentia-js-tutorial

We will cover:

● Non-realtime use
○ Main UI thread: https://glitch.com/~essentiajs-core-non-rt
○ Workers: https://glitch.com/~essentiajs-core-non-rt-worker 
○ Node.js: https://glitch.com/~essentiajs-core-node 

● Realtime use
○ ScriptProcessorNode: https://glitch.com/~essentiajs-core-realtime-spn 
○ AudioWorklets: https://glitch.com/~essentiajs-core-realtime-aw 
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https://glitch.com/@jmarcosfer/wac-21-essentia-js-tutorial
https://glitch.com/~essentiajs-core-non-rt
https://glitch.com/~essentiajs-core-non-rt-worker
https://glitch.com/~essentiajs-core-node
https://glitch.com/~essentiajs-core-realtime-spn
https://glitch.com/~essentiajs-core-realtime-aw


Q/A Session

34



Implementation Details
Some implementation details (mostly RT):

● Non-JS object clean-up:

● Code injection in AudioWorklets → ES6 imports unsupported for Worklets on Firefox 
○ P. Adenot’s URLFromFiles (thanks!)
○ used here

● Frame-size matching
○ using ChromeLabs wasm-audio-helper.js

● Getting analysis results from Worklet to UI thread with SharedArrayBuffer
○ P. Adenot’s ringbuf.js
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https://github.com/MTG/essentia.js/blob/fe1d543de0c86a4114f899e943de52b96540d588/examples/melspectrogram-rt/index.html#L87
https://github.com/MTG/essentia.js/blob/fe1d543de0c86a4114f899e943de52b96540d588/examples/melspectrogram-rt/index.html#L330
https://github.com/GoogleChromeLabs/web-audio-samples/blob/main/audio-worklet/design-pattern/lib/wasm-audio-helper.js
https://developer.mozilla.org/en-US/docs/Web/JavaScript/Reference/Global_Objects/SharedArrayBuffer
https://github.com/padenot/ringbuf.js/blob/master/js/ringbuf.js


Break time
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Machine Learning on the Web

etc..



Essentia TensorFlow models
A repository of publicly available deep learning models for music analysis tasks  
https://essentia.upf.edu/machine_learning.html

Audio Input Mel-spectrogram Essentia 
TensorFlow  

Models
Predictions

Music tags
Genres and styles
Moods
Danceability
Instrumentation
Vocal/instrumental
Voice gender
Tempo
…

Now, we ported these optimized models to Tensorflow.js format for its usage on JS.
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https://essentia.upf.edu/machine_learning.html


Auto-tagging and classification

Queen - Bohemian Rhapsody 39



Auto-tagging and classification

Queen - Bohemian RhapsodyAudio chunk 
(receptive field)

Predictions vector (activation values)
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Auto-tagging and classification

Queen - Bohemian Rhapsody 41



Auto-tagging / embeddings / tempo models

RF = receptive field
AT = auto-tagging
TL = transfer learning (embeddings)
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Transfer learning classifiers

How we train the models

MusiCNN + MSD/MTT
VGG + MSD/MTT
VGGish + AudioSet
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Essentia TensorFlow Models downloads

https://essentia.upf.edu/models/

https://essentia.upf.edu/machine_learning.html
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Models available under the CC BY-NC-ND 4.0 license

https://essentia.upf.edu/models/
https://essentia.upf.edu/machine_learning.html
https://creativecommons.org/licenses/by-nc-nd/4.0/


Audio 
input

Pre-processing
Feature 
extraction

ML inference Post-processing

Essentia.js + TensorFlow.js

But how to make this more accessible and easy to use for everyone?

Inference pipeline

Often need some domain knowledge here

Predictions
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essentia.js-model 

Audio 
input

Pre-processing
Feature 
extraction ML inference Post-processing

essentia.js-model 

Inference pipeline

- Add-on module for the essentia.js library.
- Simple JS API 
- Support Web Workers for feature extraction and inference separately.

Predictions
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A. Correya, P. Alonso-Jiménez, J. Marcos-Fernández, X. Serra, and D. Bogdanov. Essentia TensorFlow models for audio and music 
processing on the web. In Web Audio Conference (WAC 2021), 2021.

https://webaudioconf2021.com/paper-c-4/
https://webaudioconf2021.com/paper-c-4/


Let's checkout some models in action!
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Autotagging with MusiCNN

Mood Classification

https://mtg.github.io/essentia.js/examples/autotagging-rt/
https://mtg.github.io/essentia.js/examples/mood-classifiers/
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Hands on

● Hands-on exercise using MusiCNN non-realtime: https://glitch.com/~essentiajs-models-non-rt 

● Realtime: https://glitch.com/~essentiajs-models-rt 
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https://glitch.com/~essentiajs-models-non-rt
https://glitch.com/~essentiajs-models-rt
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Main UI Thread

AudioWorklet Web Worker

ML inferenceFeature extraction

Real-time implementation

RT audio frames

Features

Predictions

Worklet → Worker MessagePort



Industrial application
Audio Problems

Example: https://glitch.com/~audio-problems-detection
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P. Alonso-Jiménez, L. Joglar-Ongay, X. Serra, and D. Bogdanov. Automatic Detection of Audio Problems for Quality Control in 
Digital Music Distribution. In AES Convention 146 (March 2019).

https://glitch.com/~audio-problems-detection
https://repositori.upf.edu/handle/10230/37041
https://repositori.upf.edu/handle/10230/37041


Industrial application
Custom extractor 

● For better performance on JS
● Some algorithms are not yet working in Essentia.js
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How to:

https://github.com/MTG/essentia.js/blob/master/src/cpp/custom/essentia_custom_extractor.h
https://github.com/MTG/essentia.js/blob/master/src/cpp/custom/essentia_custom_extractor.cpp
https://github.com/MTG/essentia.js/blob/master/src/cpp/custom/bindings_extractor.cpp

Then compile using the provided Makefile ensuring you have all requirements (or using the docker image)

https://github.com/MTG/essentia.js/blob/master/src/cpp/custom/essentia_custom_extractor.h
https://github.com/MTG/essentia.js/blob/master/src/cpp/custom/essentia_custom_extractor.cpp
https://github.com/MTG/essentia.js/blob/master/src/cpp/custom/bindings_extractor.cpp


Custom extractor 

Industrial application
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QA & Playground session

Instructions
 

● Use any JS playground of your choice eg: Glitch, Runkit, Codepen, jsfiddle etc.

● You can use any algorithms, models or their combinations to make a fun prototype. 

● Most welcome to remix our examples on Glitch.

Optional,

● Tag your essentia.js prototypes on Twitter tagging @wac2021 with hashtag #essentiajs-wac2021
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Build your own MIR web application :) 

https://glitch.com/@jmarcosfer/wac-21-essentia-js-tutorial


Thanks 
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@albincorreya
@di_bogdanov
@MaferGeorge
@luisjoglar

If you have any more questions, feedbacks etc, 
feel free to reach out to any of us

https://twitter.com/albincorreya?lang=en
https://twitter.com/di_bogdanov?lang=es
http://mafergeorge
https://twitter.com/luisjoglar

