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Abstract: In recent years, personalized music recommendation systems have gained substantial interest,
particularly those incorporating real-time user context such as mood or emotion. To generate personalized
music recommendations, this paper suggests a hybrid system that integrates music genre classification based
on audio features along with facial expression analysis. The suggested framework utilizes computer vision
and machine learning methods to identify the user’s emotion from the facial images they upload or images
captured through the webcam in real-time. After detection the emotion gets assigned to a mood cluster
which then connects to a curated list of songs taken from Spotify's audio collection. Grouping music songs
using unsupervised clustering techniques allows classification algorithms like Random Forest, K-Nearest
Neighbors, SVM, and Multi-layer Perceptrons to further refine the results. Based on the Django web
framework, the program has interactive elements like song and disliking, as well as a user login mechanism
that allows for implicit input for future improvements. A more natural and captivating listening experience
is provided by this technology, which matches musical recommendations with user emotional states. In
practical web applications, the project shows how emotion Al and multimedia recommendation may be
combined.

Keywords—Convolutional Neural Network (CNN), FER-2013, Machine Learning, KMeans Clustering,
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|. INTRODUCTION

Music represents a highly impactful medium of emotional expression, with the capacity to
influence mood, memory, and behavioral patterns. The proliferation of music streaming platforms has
heightened the necessity for intelligent recommendation systems. Conventional music recommendation
approaches rely on historical data from prior listening activity and user ratings, as well as collaborative
filtering methodologies [1].

In recent years, the creation of emotion-aware applications has been made possible by the
combination of machine learning and affective computing techniques. For detecting emotions, facial
expression analysis has become a very precise and non-invasive method [2]. Convolutional neural networks
have been trained using datasets like FER-2013, which have made it possible to classify facial photos into
distinct emotional categories like fear, surprise, anger, sadness, and happiness [3].By taking use of these
developments, it is now possible to build systems that can recognize user emotions in real time and use this
contextual data to provide tailored music recommendations.

A comprehensive emotion-based music recommendation system is presented in this study, which
uses machine learning techniques for music classification and recommendation and computer vision for
emotion recognition. The system allows users to enter their faces using either a live webcam capture or an
uploaded photograph. A Convolutional Neural Network model receives the processed image after the
collected facial image has been examined with OpenCV and a Haar Cascade Classifier. By mapping a
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detected emotion to a related mood cluster, such as energetic, cheerful, sad, calm, or romantic music that fit
a specific mood can be recommended.

A carefully selected Spotify dataset that includes characteristics like danceability, valence, energy,
and tempo is the source of the musical data used in this system. KMeans clustering, a type of unsupervised
learning, is used to group similar musical files. To improve the accuracy of mood-based recommendation
systems, supervised models such as Random Forest, K-Nearest Neighbors, Support Vector Machines, and
Multi-layer Perceptron are then trained to predict cluster labels [4].

The program's front end was constructed utilizing the Django web framework, featuring a user-

friendly interface with authentication capabilities and a module for real-time camera input. Users can
interact with suggested music choices through embedded Spotify links and provide explicit feedback by
indicating their preferences for particular songs. This feedback mechanism, predominantly influenced by
implicit learning processes, allows for long-term personalization [5].
Real-time user engagement, sophisticated recommendation algorithms, and emotional artificial intelligence
collaboratively contribute to forming an effective model for creating intelligent entertainment systems. By
directly integrating human emotional responses into the feedback process, this approach markedly improves
user experience and fosters greater involvement, in contrast to traditional static recommendation systems.
Consequently, the system holds significant practical value for various fields, including music streaming
services, mental health tools, and adaptive educational environments, while also demonstrating notable
technological advancements [6]

Il. LITERATURE SURVEY

Music recommendation systems have been the subject of research for more than ten years, evolving
from basic rule-based methods to complex Al-powered models. Initial systems primarily utilized
collaborative filtering and content-based filtering, generating recommendations based on a user's previous
choices or similarities among audio tracks [7].While these techniques proved beneficial in certain contexts,
they frequently failed to take into account the listener's current emotional condition, which studies show
significantly influences music perception and choices.

With the rise of affective computing, systems that can identify emotions have gained significant
popularity. Numerous studies have explored emotion recognition via facial expressions, vocal tones, or
physiological indicators. Mollahosseini et al. (2021) utilized a deep convolutional neural network trained on
datasets of facial emotions, successfully attaining precise real-time classification of seven different emotions

[8].

Deep learning techniques have been utilized in music analysis to extract complex attributes from
audio data. Delbouys et al. used a multi-modal neural network trained on both lyrical elements and acoustic
features to successfully determine the emotional quality of music, outperforming traditional methods [9].

Overcoming this limitation has been the aim of recent research. For instance, Zhao et al.
developed a mood identification system that links face expressions to music mood classification in order to
establish a direct connection between consumers' emotions and their musical preferences [10]. Their system
employed KMeans clustering to group songs in an unsupervised manner and associated the determined
emotions with mood-based clusters. While this method aligns with ongoing research, it did not integrate
interactive components such as user input or real-time webcam functionality.

Another notable method, as proposed by Lee et al., involved the integration of context-aware

recommendations with environmental data and facial recognition technology. Although this approach is
creative, it required external application programming interfaces and did not support local data processing,
which could potentially lead to privacy concerns [11].
Maddala et al. developed a system utilizing convolutional neural networks to classify users' emotional
states, such as happiness, sadness, anger, or neutrality, by analyzing their facial expressions. The identified
emotions were then associated with customized music playlists, resulting in improved interactions within
environments that are attuned to emotional cues [12].

Sarkar and Dey investigated the application of deep learning methodologies, specifically
convolutional neural networks and long short-term memory, for emotion recognition via the analysis of
visual emotional signals, with the objective of integrating these findings into a music recommendation
system. Their research indicates that deep learning frameworks achieve significantly superior performance
compared to traditional models in emotion classification tasks [13].

Real-time facial emotion detection, multi-faceted music categorization, and an interactive web-
based interface. The application of diverse machine learning techniques, including Support Vector
Machines, Random Forest, and Multi-Layer Perceptron, enhances the accuracy of mood-based song
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classification. Furthermore, the incorporation of user feedback through like/dislike functionality enables the
system to evolve dynamically. The Django-based implementation, combined with the utilization of the
FER-2013 dataset and Spotify audio characteristics, establishes a robust and scalable framework for future
advancements.

Previous studies have established the groundwork for emotion-based interaction and music
classification, but many lacked real-time responsiveness or integrated platforms conducive to user
engagement. Your research endeavors to address this gap by presenting a system that is both technically
robust and user-oriented.

I11. Methodology

The proposed system integrates real-time facial emotion recognition, affect-driven music clustering, and
machine learning classification methodologies into a web-based platform to provide emotion-aware music
recommendations. This process is structured into five fundamental stages: emotion detection, music feature
extraction, clustering and classification, recommendation generation, and user interaction.

3.1 Facial Emotion Detection

The foundational input for this system is the user's emotional state. This is obtained through
either the submission of a static image or the live capture via a webcam. The facial detection component
leverages OpenCV's Haar Cascade Classifier, recognized for its efficiency and precision in real-time
applications [14]. Upon face localization, the image undergoes a preprocessing phase before being input into
a Convolutional Neural Network model. This model was trained on the FER-2013 dataset, a benchmark
extensively utilized for facial expression recognition studies. One of the following seven emotion categories
is produced by the CNN model: neutral, fear, surprise, disgust, anger, sadness, or happiness. The contextual
foundation for tailored music recommendations is this feeling. When trained on extensive annotated
datasets like FER-2013, deep learning methods like CNNs have demonstrated impressive accuracy in face
image emotion recognition [15].

3.2 Feature Extraction from Music Data

Spotify track characteristics such as danceability, acousticness, energy, loudness, valence, pace,
and speechiness make up the music dataset. The Spotify Web API is used to extract these features, which
are then compiled into a dataset for classification. MinMaxScaler from sklearn.preprocessing is used to
clean, normalize, and scale the data, ensuring that each feature contributes equally to clustering and
classification [16]. The recommendation system is built on top of the finished music database, which is
saved in CSV format (ClassifiedMusic.csv).

3.3 Mood-Based Clustering and Machine Learning Classification
Unsupervised and supervised learning are combined to match tunes to emotional states.

Initially, KMeans Based on their acoustic characteristics, clustering divides songs into mood-based clusters
like energetic, romantic, and serene. A popular tactic in music mood categorization, this method permits
organic groupings without labeled mood data [17]. Principal Component Analysis (PCA) and t-SNE (t-
distributed Stochastic Neighbor Embedding) are used to reduce feature dimensionality for improved
interpretability and visualization [18].
Once the clusters are labeled, multiple supervised classifiers are trained to predict the mood of new songs:

e Random Forest (RF)

e Support Vector Machine (SVM)

e K-Nearest Neighbors (KNN)

e Multi-Layer Perceptron (MLP)
Classification reports, accuracy ratings, and confusion matrices are used to assess these models. Given that
several methods may perform better under various feature distributions, an ensemble approach guarantees
resilience [19].
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3.4 Real-Time Music Recommendation Engine

The algorithm associates the user's feeling with one of the mood clusters after identifying it. The
system retrieves matched songs from the categorized dataset using the trained classifier. Spotify track links
for songs are shown, enabling users to listen right away without ever leaving the app. This system offers
context-aware recommendations based on real-time emotional cues, in contrast to conventional music
recommendation systems that depend on past listening behavior [20].

3.5 Web Interface and Feedback Integration

The Django web framework is utilized for front-end development. Once users log in and either
capture or upload a photo, they receive song recommendations based on their stated mood. Each song has
like/unlike buttons that allow the system to record user preferences. By modifying the suggestion
mechanism in response to user interaction data, this feedback loop makes future personalization possible.
Music apps have implemented comparable techniques to enhance user engagement and adjust
recommendations in real-time [21].

IV. Proposed Solution

The suggested remedy is a real-time, emotion-based music recommendation system that uses user
facial expression analysis to offer tailored music recommendations. This system uses deep learning,
computer vision, and music analytics to dynamically modify playlists according on user mood. Django's
authentication system manages user sign-up and login at the onset of the solution. Once users log in
successfully, they are directed to the main interface, where they can capture a live image using their
webcam or upload one. This functionality provides flexibility for users accessing the system from different
environments.

The Haar Cascade Classifier, which is an established method for rapid face recognition in real-time
scenarios, is utilized for detecting faces when an image is received [22]. Once a valid face has been
detected, the image undergoes pre-processing to ensure compatibility with the neural network model. This
pre-processing involves resizing, converting to grayscale, and normalizing the image.

To categorize the facial expression into one of seven emotional categories—happy, sad, angry,
fearful, surprised, disgusted, and neutral—the facial area is subsequently input into a CNN model that has
been previously trained with the FER2013 dataset. This technique is referred to as feature extraction [23].

Once the sentiment is identified, the technology advances to the song recommendation phase. A
suitable playlist for the expected mood is created by searching a dataset of songs that have been previously
grouped using KMeans based on audio features such as tempo, energy level, acoustic quality, and valence
[24].

The recommendation system utilizes a hybrid approach that integrates machine learning algorithms,
including MLP, Random Forest, SVM, and KNN for optimizing predictions, while KMeans is used for
initial clustering. MLP and KNN demonstrated superior accuracy with reduced overfitting according to the
comparative analysis discussed in the Results section.Following this, users receive a curated playlist of
music that aligns with their mood, integrated into Spotify. Each song includes a like/dislike button on the
interface, which allows the system to gather user responses. Gradually, this feedback, saved in the database,
permits the models to be updated, improving both accuracy and personalization.

The modified activity diagram below provides a summary of the entire procedure, showing the logical
flow from login to feedback collection:
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Figure 1: Activity Diagram of Emotion Detection Process Figure 2: System

Architecture Diagram

V. Result and discussion

The developed system, An Emotion-Based Personalized Music Recommendation System, was evaluated for
its effectiveness in detecting user emotions and generating corresponding music suggestions through real-
time facial expression analysis. The system integrates three core components: emotion detection, user
emotion mapping, and a simplified recommendation module that selects a single Spotify playlist based on
detected emotional state.

The emotion detection system achieved approximately 70% accuracy in classifying main facial
expressions, including happiness, sadness, neutrality, and anger. The model, trained on the FER-2013
dataset and implemented using a pre-trained CNN architecture, showed reliable results under well-lit and
frontal facial conditions. Performance degraded slightly in cases of side-facing views or low-light scenarios,
which are known limitations of vision-based FER systems.

In the music analysis process, meta data of music enabling emotion-based tagging of each song with
categories such as down-tempo, rock, or ambient. The system utilizes these labels to connect emotions with
musical themes based on these categories.
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5.1 Model Performance Analysis
There are 4 models used for this filtering and their accuracy is as shown in table.

Table 1
Model Accuracy Overfitting
Random Forest 0.81 Yes
MLP 0.85 No
SVM 0.79 No
KNN 0.83 No

5.2 Real-Time Emotion Detection

A Convolutional Neural Network (CNN) trained on the FER2013 dataset powers the emotion
recognition feature. Seven emotional states are identified by this model: neutral, fear, surprise, disgust,
anger, sadness, and happiness. With an average delay of less than one second, the system demonstrated the
ability to detect observable emotions during live testing.
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Figure 3: Live Emotion Detection via OpenCV and Pretrained CNN

IJCRT25A5454 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | m669


http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 5 May 2025 | ISSN: 2320-2882

5.3 User Interface and Experience

Because the front-end is built with Django templates, navigating from the login screen to the music
recommendation panel is seamless. All of these features are available on a single dashboard: mood-based
recommendations, real-time photo capture, and playlist interaction.
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Figure 4: User Sign up and Login
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® Recommendations
Favorites

Logout

Available Songs

Unknown Title

é6 9

Unknown Title

Figure 5: Front-End of the Music Recommendation System

V1. Conclusion

An emotion-based personalized music recommendation system that combines intelligent music suggestion
skills with real-time facial emotion identification is successfully developed in this study. Through the use of
a pre-trained Convolutional Neural Network (CNN) that was trained on the FER-2013 dataset, the system is
able to classify basic human emotions including anger, sadness, happiness, and neutrality with 70%
accuracy. After that, the identified emotion is translated to a matching music cluster produced by machine
learning methods, such as Random Forest and SVM classifiers and KMeans clustering.

By suggesting songs that correspond with the user's emotional state, the suggested solution improves
the user experience and closes the gap between affective computing and personalized entertainment. The
system's scalability and resilience are guaranteed by the incorporation of several Python-based modules for
data management and machine learning, OpenCV for real-time face detection, and Django for a dynamic
web interface. The current method reveals some limits, such as decreased accuracy in less-than-ideal
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situations, even though it functions well in frontal facial conditions and under ideal lighting. Extending the
dataset, refining the model architecture, and adding audio-based sentiment analysis for multi-modal emotion
recognition are possible future improvements.

All things considered, the study shows how machine learning and artificial intelligence may be used
practically to improve human-computer interaction by making emotionally intelligent suggestions.
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