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Introduction

This project aims to develop a frame-
work for measuring music similarity based
on multivariate correlation analysis of au-
dio features. The core idea is to repre-
sent each song through a set of extracted
low-level audio features (such as timbre,
rhythm, and spectral characteristics) as a
multivariate time series, and to compute
pairwise correlations across these features
to quantify the degree of similarity be-
tween songs. Feature extraction will be
performed using Essentia, an open-source
audio analysis library.
Potential correlation methods could be
Mutual Information [1] and Earth Mover’s
Distance. Since the features we extract
from audio can be of very high dimen-
sionality, multivariate mutual information
can be estimated either by KDE [2] or
KSG [3]. To further improve estimation
performance and computational efficiency,
dimensionality reduction methods such as
UMAP or t-SNE may be applied as a pre-
processing step.
The main goal of the project is to evalu-
ate how well correlation-based similarity
metrics capture perceptually meaningful
relationships between songs. The result-
ing similarity measures will be compared
with those obtained from state-of-the-art
neural network-based embedding models
commonly used for music similarity and
tagging tasks (e.g., [4]).
The evaluation will be conducted on bench-
mark datasets that include ground-truth
similarity information, such as MagnaTa-
gATune [5], to assess how effectively the
correlation-based methods align with hu-
man perception and machine-learned rep-
resentations of musical similarity.

Multivariate correlation analysis.

Assignment

The following tasks will be part of the
project:

• Feature Extraction: Use Essentia to
extract a comprehensive set of low-
level and mid-level audio features,
including timbre, rhythm, spectral,
and tonal descriptors. Represent
each song as a multivariate time
series and store them in a structured
format suitable for a database and
for pairwise comparison.

• Similarity Computation: Implement
correlation-based similarity measures,
including Mutual Information (MI)
and Earth Mover’s Distance (EMD).
Experiment with dimensionality re-
duction techniques (UMAP, t-SNE)
to improve computational efficiency
and accuracy.

• Evaluation: Evaluate the similarity
measures against trained networks
as well as ground-truth labels.
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Experience in programming with Python
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• 30% Theory
• 50% Implementation
• 20% Testing and evaluation
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