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Abstract
This PhD project investigates the use of Case-Based Reasoning (CBR) for Music Emotion Recognition (MER)
from physiological signals. Music is known to induce emotions, and the objective is to determine whether the
planned emotion is effectively felt by the listener. Classical approaches generally rely on extracting features from
physiological signals, such as heart activity, electrodermal activity, body temperature, or pupil dilation, before
applying machine learning classification methods. In contrast, this work proposes to reason directly on raw
physiological signals in order to avoid information loss and reduce assumptions introduced by feature extraction.
To compare physiological signals, this work relies on the Time Warp Edit Distance (TWED), an elastic distance
measure adapted to temporal deformations in time series. The research investigates several CBR approaches,
approximation (similarity-based reasoning) and interpolation (betweenness-based reasoning). The proposed
methods aim to extend these CBR approaches to complex continuous-valued temporal data structures. Preliminary
results show that these CBR approaches are promising for multivariate time series classification and achieve
competitive results for emotion recognition tasks.
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1. Introduction

Emotions influence behavior and decision-making, and understanding them can be useful in many
domains, especially in healthcare. Music is known to induce emotions [1], making it a promising tool
for applications such as stress reduction [2]. However, to ensure that the desired emotion has actually
been induced, it is necessary to design a system capable of recognizing the emotion felt by a person.

Music emotion recognition is commonly performed using physiological signals such as heart rate,
electrodermal activity, or body temperature. Classical approaches to this task rely on the extraction
of features from these signals and the application of machine learning methods for classification. For
example, an approach using Case-Based Reasoning (CBR) has been proposed for stress detection [3]
using extracted features from physiological signals. These methods depend on the choice of extracted
features and on feature selection processes, which rely on underlying assumptions.

The objective of this work is to investigate the use of CBR directly on raw physiological signals to
avoid information loss due to feature extraction, and to go beyond these assumptions. While learned
representations offer an alternative to handcrafted features, they also make the reasoning process less
interpretable. By reasoning directly on raw physiological signals, this work aims to preserve both the
original information and the explainability of the proposed CBR approach. To achieve this, 3 CBR
approaches, introduced in [4], are studied here: approximation (based on similarity), interpolation (based
on the notion of betweenness) and extrapolation (based on analogy). These approaches have already
been explored on simple data structures [5], on discrete sequences [6]. However, these approaches have
not yet been extended to continuous multivariate time series. Due to this limitation, they cannot be
used in fields like music emotion recognition and physiological signal analysis. This research aims to
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extend CBR methods to the domain of physiological time series analysis. In particular, it investigates
how similarity, betweenness, and analogy can be defined for time-series, and how these reasoning
mechanisms can be efficiently applied to emotion recognition tasks. By working directly on raw signals,
this work explores if CBR can offer an interpretable alternative for Music Emotion Recognition.

2. Research Plan

2.1. Research Objectives

The main objective of this research is to design a CBR system capable of recognizing emotions induced
by music from physiological signals. The considered signals are heart activity, electrodermal activity,
body temperature, or pupil dilation. The goal is to predict the emotion felt by a listener while listening to
music, based only on the observed physiological responses. This work aims to extend CBR approaches
approximation, interpolation, and extrapolation to multivariate time series with continuous values.

2.2. Approach / Methodology

The initial objective of this work is to predict the annotations of emotions in long recordings of physio-
logical signals. However, directly modeling emotions as temporal evolutions during music listening
leads to a complex reasoning problem involving both continuous signal variations and sequences of
emotional states over time. To simplify the problem for this first stage of the PhD, the task has been
reduced to a classification problem associating shorter physiological signals with a single emotion label.

In the dataset of music emotion recognition [7], emotions were represented as temporal annotations
collected during music listening sessions. In this work, only the time intervals during which a specific
emotion was reported are kept. For each interval, the corresponding physiological signals are extracted
and associated with the reported emotion. Therefore, one case corresponds to physiological signals
linked to a single emotion.

In this work, a case is represented by a problem part and a solution part. The problem is defined as a
set of physiological signals, where each attribute corresponds to a time series. The solution corresponds
to an emotion label. Several physiological signals are considered, including blood volume pulse (BVP),
electrodermal activity (EDA), temperature (TMP), and pupil size (PupSize). Let x be a problem and a be
an attribute of x; x - a is the value of a for x. So for the music emotion recognition task, a problem x can
be defined by the following attributes:

« x-BVP = SBVP;
« x-EDA = SFPA
o x-T™MP = s™P;
« X - PupSize = sPupSize,

where sBYP, gEPA gTMP  gPUpSize time series represent the physiological signals presented above.
To compare two problems, a distance function between problems is defined as a weighted sum of
distances between their corresponding attributes:

distg(x®, xt8t) = Z wy x dist, (x5 - a,xt8t - a)

a:attribute

Since each attribute is represented by a time series, the problem reduces to defining distances between
time series. Among the distance functions tested, the Time Warp Edit Distance (TWED) [8] was selected
for three reasons. First, like DTW [9], it is an elastic distance capable of handling temporal deformations.
Second, unlike DTW, TWED is a true metric and satisfies the triangle inequality [8]. This property is
particularly important because interpolation relies on betweenness relation and such a relation needs
to use a distance function that fulfills triangle inegality [4]. Finally, preliminary experiments confirmed
its effectiveness compared with other distances.
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An important limitation of TWED is its computational cost. To address this issue, GPU-based
parallelization techniques inspired by cuTWED [10] are investigated. In addition, a batched extension
named McuTWED has been developed to compute several TWED distances simultaneously on the GPU.
The main idea is to organize multiple pairs of time series into tensors and compute several dynamic
programming matrices in parallel. This significantly reduces execution time for large-scale classification
tasks.

Four CBR systems are currently explored. CBRYA corresponds to a classical similarity-based CBR
approach, where the solution of the most similar source case is reused. CBRXI extends this idea by
retrieving two source cases surrounding the target problem and predicting a solution through interpola-
tion between their associated solutions. CBRVA applies the approximation process independently to each
attribute (physiological signal), then combines the predicted solutions through a majority vote. This
attribute-wise voting strategy has previously been used for CBR classification of physiological signals
in a stress detection task [3], motivating its evaluation in the context of music emotion recognition.

Finally, CBRVI combines attribute-wise reasoning with interpolation, by performing interpolation
independently on each signal before applying a voting process to obtain the final prediction.

The current evaluation focuses on emotion recognition tasks using physiological signals. The
objective is first to assess the relevance of raw-signal CBR approaches compared with more classical
feature-based methods. In a second stage, the goal will be to study how these approaches generalize to
other types of continuous multivariate time series classification problem and to extend interpolation
and analogy-based CBR mechanisms to this setting.

3. Progress Summary

So far, the four proposed CBR systems have been implemented in Python. A comparison with Random
Forest classifiers, representing more classical machine learning approaches, has also been conducted.

In the Music Emotion Recognition task, the proposed CBR approaches obtain slightly better results
than the Random Forest baseline. Experiments were also conducted on another multivariate time series
classification problem that was not related to emotions. For this second task, the obtained performances
are currently lower than expected. At this stage, one of the main difficulties with this classification
problem concerns parameter selection. Especially for the TWED distance parameters and for the
attribute weights used in the distance between problems. This issue becomes particularly challenging
when dealing with high-dimensional problems containing a large number of signals.

4. Conclusion and Future Work

The current results suggest that applying CBR to multivariate time series classification problems is
promising. At this stage, approximation approach obtain better performances than interpolation ones,
while extrapolation approach still remains to be developed.

Future work will first focus on adaptation mechanisms for approximation. In particular, the objective
is to establish adaptation rules based on edit operations performed on time series alignments. The under-
lying hypothesis is that edit operations observed between physiological signals may be associated with
changes in emotional labels. Adaptation rules would therefore link patterns of signal transformations
to transformations of solutions. Extrapolation will also be investigated, notably through analogy-based
reasoning relying on similar edit operations.

A possible research direction would also be to study how approximation, interpolation, and extrap-
olation can interact within the same reasoning framework. For instance, one objective could be to
determine which reasoning mechanism is the most appropriate depending on the target problem and
the structure of the retrieved cases. Another direction would be to combine the solutions proposed by
the three approaches in order to improve the overall quality and robustness of the final prediction.

Another important direction concerns the acceleration of the retrieval process. Several optimizations
are planned, such as integrating MAC/FAC [11] retrieval mechanisms and reducing the computation
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cost of TWED using constraints like the Sakoe—Chiba band [12], which limits the number of explored
cells in the dynamic programming matrix.

Finally, the long-term objective is to return to the original and more complex problem: predicting
emotional annotations over complete listening sessions, where several emotions may appear at different
moments in time. Additional experiments on newly collected data are also planned in order to evaluate
the proposed approaches in more realistic settings.
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