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Abstract. Different mobile applications and smart systems are being
developed to increase users’ wellness and happiness. Unfortunately, some
of the most recent technological advances in the field of affective comput-
ing, Internet of things or service computing have not yet been included
in these solutions. In this paper, we briefly present a smart system that
analyses the user’s emotions during her/his diary activities and con-
figures mood regulation experiences when she/he comes back at home.
These emotion-aware experiences are based on the Spotify music services
and are personalised for each particular user considering her/his musical
tastes and preferences. Besides, the system integrates an emotion recog-
nition system based on wearables and artificial intelligence techniques.
The recognised emotions are then used to determine the user’s mood and
to make decisions on the music interventions to be carried out.

Keywords: Smart systems · mood regulation · mobile applications ·
music · wellbeing

1 Introduction

Positive Computing is a new technological paradigm whose aim is to promote the
development of applications for increasing individuals’ wellness and happiness
[3]. These applications require to recognise the user’s emotions in order to rec-
ommend her/him activities or media contents that produce a positive effect on
her/his mood. Besides, these recommendations should also take in account the
user’s context and her/his tastes and preferences with the purpose of providing
personalised experiences. These requirements imply to integrate the latest ad-
vances in the field of affective computing, Internet of things, ambient intelligence
and cloud computing.

Many mobile applications and smart environments for improving the well-
being have been programmed during the last years. The applications are aimed
to encourage the user to make physical activities and to take care her/his men-
tal health [2, 9]. Unfortunately, these application use self-assessment methods or
human activity recognition techniques to determine how the user feels, instead
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of integrating emotion recognition techniques based on wearable technologies.
Besides, the interventions proposed for improving the user’s wellbeing mostly
consist of physical activities and motivating messages. Nevertheless, some exam-
ple of application that recommends multimedia contents can be exceptionally
found [8, 4]. On the other hand, the smart environments are aimed to reduce the
user’s stress or to regulate her/his mood through experiences that take place in a
limited and controlled space, for example, inside a room [5, 10]. These experiences
consist of configuring the space conditions for creating a positive atmosphere, for
example, through the control of the lighting system, the temperature or the am-
bient music. These spaces are usually sensorized to monitor the user’s behavior
and emotions and to execute the regulation interventions.

This paper presents a solution that combines the advantages of mobile ap-
plications and smart environments to regulate users’ mood through the Spotify
music. The user wears a wearable that integrates different physiological sensors.
The wearable sends sensor data to a mobile application that processes them to
deduce the emotions that the user is feeling during her/his daily activities. These
emotions are then used to determine the user’s mood. Then, when she/he arrives
at home, the mobile application connects automatically with a smart system for
playing music that regulates her/his mood in order to increase her/his wellbe-
ing. These music interventions are based on the services provided by Spotify
and considers the user’s recent mood and her/his music tastes and preferences.
The solution integrates portable wearables, emotion recognition systems based
on artificial intelligence techniques, emotion-based music recommendation sys-
tems, content personalization tools, and an ecosystem of software services and
hardware devices.

The rest of the paper is structured as follows. Section 2 presents the tech-
nological architecture of the proposed solution. Section 3 describes some imple-
mentation details of the systems integrated into the architecture. And, finally,
conclusions and future work are discussed.

2 System architecture

Figure 1 shows the context and the technological elements involved in the solu-
tion. It consists of a mobile application and a set of Spotify-based services that
regulate the user’s mood through the music.

The application determines the user’s emotions during her/his diary activities
and the evolution of these emotions over time. The user wears a wearable device
that monitors at real time different physiological parameters of her/his body, in
this case an Empatica E4 wristband [1]. These parameters are periodically sent
to the application through a Bluetooth-based streaming connection. Then, the
application filters the received data and deduces the emotion that the user is
feeling at that moment. When the user arrives at home, the application analyses
the diary emotions to determine how the user felt during the day and decides
the music interventions to be applied to regulate her/his mood. These decisions
are translated to voice commands that determine the type of music to be played.
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Fig. 1. Technological components involved into the solution

An Amazon Echo speaker is responsible for interpreting these commands and
playing the most suitable songs though the Spotify streaming service.

The mobile application integrates three systems that provide the function-
ality described above: an emotion recognition system based on artificial intelli-
gence models that deduces the user’s emotions from her/his physiological data;
a decision-making system based on rules that determines the mood regulation
interventions, that is, the emotion to be produced in the user through the music;
and, finally, a voice synthesizer that translates those interventions to commands
understandable by the speaker, for example, “Alexa, plays relaxed songs”.

On the other hand, at the right-hand side of Figure 1 are represented the
services programmed for supporting the mood regulation. A new Alexa skill has
been programmed and installed into the speaker to provide the regulation func-
tionality. When the skill receives a voice command, it interacts with a music
recommendation system based on emotions to determine the songs to be played.
The recommender selects a set of candidate songs from the Spotify music cat-
alogue taking in account the emotion to be produced in the user in order to
regulate her/his mood. Then, a personalization system filters and ranks these
candidate songs considering the user’s music preferences and tastes. Finally, the
skill plays the ranked songs until a new regulation command is received.

3 Details on the system implementation

The mobile application integrates an emotion recognition system that is cur-
rently based on the analysis of an only physiological parameter, specifically, the
electrodermal activity of the user’s skin (EDA). Four machine learning mod-
els have been combined to determine the user’s emotions from the EDA signal
sent at real time from her/his wristband. We concluded as part of the research
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that the application of the same machine learning algorithm to recognise the
different emotions was not the best option. Therefore, a multi-model approach
based on different algorithms has been applied to improve the accuracy of the
recognition. These emotions are represented according to the reference model of
affect proposed by Russell [7]. The different emotions felt throughout the day
are then processed by an mood-recognition algorithm to create the user’s mood
map. This map represents the evolution of the mood over a period of time.

The user’s mood map is the input of the decision making system included into
the application. It integrates a rule engine that determines the type of music to
play for regulating the user’s mood. Different sets of rules are evaluated according
the user profile. These rules have been defined though different experiments with
real users (42 rules and more than 200 participants). The result of the rule-
based evaluation is the emotion to be produced in the user. This emotion is then
translated to a voice command that is played by the synthesizer when she/he
arrives at home. A catalog of emotion-aware commands has also been defined to
be interpreted by the Amazon Echo speaker.

The speaker’s functionality requires to know the emotional response that
the songs available in Spotify produce in the listeners. As part of the work,
we have studied the relationship between these responses and the songs’ audio
features. An emotion recognition system based on audio features was developed
to annotate Spotify songs from an emotional perspective. This system integrates
a set of machine learning models that determine the produced emotion for each
particular song and create the corresponding emotional labels. After processing
all the Spotify catalog of songs, we obtained a database of emotionally labelled
songs which is used by the music recommendation system to suggest candidate
songs in response to voice commands. A detailed description of the recognition
system and the recommender can be found in [6].

Finally, the personalization system customises the music experiences and,
therefore, it plays a relevant role in the mood regulation process. The system
automatically creates a user model that describes the user’s musical preferences
and tastes. This model is calculated from her/his Spotify listening histories and
the playlists that she/he has created in the streaming provider. These data are
published by Spotify through its service platform for developers (we are specially
interested in the songs’ metadata and audio features and the registered users’
playlists and listening histories). Once the model has been calculated, the system
applies collaborative filtering techniques to rank the candidate songs suggested
by the recommender and to select the most suitable ones to regulate the user’s
mood.

4 Conclusions and future work

In this paper we have presented a technological architecture to promote music
experiences that improve users’ wellbeing. A first version of the architecture has
been implemented in which the affective dimension is the cornerstone of the
solution. Different emotion-aware systems have been integrated to recognise the
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user’s emotions, to deduce her/his mood, to determine the affective response
associated to songs and to recommend songs that regulate the listener’s mood.
These systems are integrated with the services offered by Spotify providing a
final solution based on its music streaming service.

As future work, we are interested in organising long-term experiments with
real users to evaluated the impact of the proposal in the users’ wellbeing. These
experiments should be focused on certain population segments of interest. Be-
sides, we would also like to enhance the emotion recognition models including
new physiological parameters and the regulation rules and the personalization
models from the feedback of the experiments.
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