g’ ‘gg
?%JSRE ‘3
J

e-Journal

International Journal of Scientific Research in Engineering and Management (IJSREM)
w Volume: 09 Issue: 04 | April - 2025 SJIF Rating: 8.586 ISSN: 2582-3930

Al-Powered Music Analysis System for Lyric Interpretation and Metaphor
Detection

Pranjal Anil Mane?
E-mail: manepranjal990@gmail.com

Prof. Ramkrishna More College(Autonomous) Pradhiaran, Akurdi, Pune, India Dr. Santosh Jagtap2
E-mail: st.jagtap@gmail.com

Prof. Ramkrishna More College(Autonomous) Pradhiaran, Akurdi, Pune, India

Abstract:

Music is an integral part of human culture and emotional expression. The advent of Artificial Intelligence (Al) and
Natural Language Processing (NLP) has revolutionized the way people analyze, interpret, and interact with music.
While traditional music recommendation systems focus primarily on audio features, genre classification, and user
preferences, they fail to capture the emotional depth, hidden meanings, and poetic expressions embedded in song
lyrics. This research introduces 'Rhythm Decode,” an Al- powered system that leverages NLP techniques to analyze
lyrical content, enabling metaphor detection, sentiment analysis, and deep interpretation of song lyrics.

By implementing state-of-the-art deep learning models, 'Rhythm Decode' identifies underlying emotions, thematic
patterns, and hidden literary devices within lyrics, offering a richer and more personalized music experience. The
system extracts key sentiments such as joy, sadness, anger, and nostalgia while detecting metaphorical language
and poetic structures often overlooked by conventional algorithms.

The study outlines the dataset collection process, pre-processing techniques, model selection, feature extraction,
evaluation metrics, and system implementation. Various machine learning and deep learning techniques, including
Recurrent Neural Networks (RNNs), Transformers, and BERT-based models, are explored to enhance the
accuracy of lyrical sentiment analysis. The results demonstrate that Al-powered lyrical analysis provides deeper
contextual understanding, making music recommendations more intuitive and emotionally resonant.

Additionally, the study highlights key challenges such as handling polysemy in lyrics, detecting abstract metaphors,
and dealing with subjective interpretations of

emotions. It also discusses potential biases in training data, computational constraints, and limitations in
multilingual lyric processing.

This research contributes to the growing field of Al-driven music analysis, bridging the gap between computational
linguistics and musicology. Future work aims to expand the model’s capabilities to incorporate multilingual lyrics,
cultural variations, and enhanced contextual understanding using multi-modal Al approaches. The findings from
this study pave the way for next-generation music recommendation systems, offering listeners a profound and
immersive musical experience beyond traditional metadata-based filtering.

Keywords:

Music Analysis, Natural Language Processing (NLP), Sentiment Analysis, Metaphor Detection, Deep Learning, Al-
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1. Introduction

Music is an essential part of human culture, conveying emotions, narratives, and artistic expressions through melodies
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and lyrics. It serves as a universal language that transcends geographical, cultural, and linguistic barriers. Over the
years, music has been analyzed based on various aspects, including melody, rhythm, and harmony. However, lyrics
hold significant importance as they provide a deeper understanding of a song’s underlying message, emotions, and
social or political context.

11 Evolution of Music Analysis

Traditionally, music analysis has been centered on acoustic properties such as pitch, tempo, and harmony. This approach
has been instrumental in music classification and recommendation. However, with the emergence of Artificial
Intelligence (Al) and Natural Language Processing (NLP), researchers have been able to explore lyrics beyond surface-
level interpretation. Al models now allow for sentiment detection, theme identification, and metaphor recognition in
lyrics, opening new avenues for understanding music at a more profound level [1][2].

12 Al-Powered Music Analysis

Recent advancements in Al have led to the development of systems capable of analyzing textual data within lyrics.
These Al-driven systems have been primarily applied in:

. Music Recommendation Systems: Al-based platforms use user preferences, listening history,
and sentiment analysis to suggest songs that match an individual’s mood [3].

. Sentiment Analysis in Lyrics: Al models identify emotions embedded within lyrics, helping
categorize songs as happy, sad, energetic, or melancholic [4].

. Lyric-Based Genre Classification: Al algorithms classify songs into genres based on recurring
themes, linguistic style, and sentiment patterns [5].

. Automated Lyric Generation: Al models, including deep learning frameworks, have been
utilized to generate lyrics based on predefined styles or themes [6].

1.3 Challenges in Lyrical Interpretation

Despite progress in Al-powered music recommendation and sentiment analysis, metaphor detection in lyrics remains an
underexplored domain. Existing Al-based music analysis tools primarily focus on:

. Mood Detection and Genre Classification: While effective, these models lack the ability to
decode deeper lyrical meanings, symbolic expressions, and figurative language.

. Lack of Cultural Context: Al struggles with cultural references, as metaphors and idiomatic
expressions vary significantly across languages and regions.

. Limited NLP Capabilities in Music: Standard NLP models are trained on generic text datasets
and may not accurately interpret the poetic and non-literal nature of song lyrics [7].

14 Importance of Al in Lyrical Analysis

To address these challenges, there is a growing need for advanced Al systems that can process lyrical content in real-
time, interpret figurative language, and provide contextual analysis. By leveraging deep learning models, metaphor
extraction techniques, and NLP advancements, Al-driven music analysis can enhance user experiences by offering
deeper insights into lyrical meaning, emotional depth, and artistic intent [8].

2. Literature Review

The field of Al-driven music analysis has evolved significantly, particularly in sentiment detection, music
recommendation systems, and genre classification. Researchers have explored various methodologies, such as machine
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learning models, deep neural networks, and NLP techniques, to analyze lyrics and classify music genres based on
textual features. These approaches have enabled Al to recognize emotions, themes, and language patterns within lyrics,
improving personalized recommendations and user engagement.

However, integrating Al for metaphor detection and deep lyrical interpretation remains a novel and underexplored area
of study. Traditional Al models primarily focus on literal sentiment extraction, often overlooking figurative language,
symbolism, and cultural nuances embedded in song lyrics. While some studies have examined Al-based music

analysis, including sentiment detection, genre classification, and figurative language recognition, several challenges
persist.

Key research gaps include:

. Real-Time Lyrical Processing: Most existing Al systems lack the ability to analyze lyrics
dynamically as a song is played, limiting real-time insights.

. Multilingual Analysis: Many Al models are optimized for English lyrics, making it difficult to
accurately interpret non-English songs that contain unique cultural expressions and linguistic variations.

. Interpretability of Deep Learning Models: Al systems, particularly deep learning models, often
function as "black boxes," making it challenging to understand how they derive lyrical meanings and metaphorical
interpretations.

Addressing these gaps requires the development of more advanced Al models capable of understanding lyrical
complexity, detecting figurative speech, and providing contextual interpretations that align with human cognitive
processing [3][4][5].

3. Methodology:

The proposed system processes song lyrics using NLP and deep learning techniques to extract meaningful insights,
including sentiment classification and metaphor recognition. The methodology comprises multiple stages: dataset
collection, data pre-processing, model selection, training, and evaluation. A structured workflow is designed to ensure
efficient input processing, model execution, and output generation. The following sections provide a detailed
breakdown of the methodology.

3.1 Dataset Description

The system utilizes publicly available lyric datasets from online music repositories, research datasets, and manually
curated collections. These datasets contain diverse genres and languages, ensuring a comprehensive evaluation of
lyrical interpretation across different musical styles. The datasets include:

. Lyrical Content: Song lyrics from various artists and albums, covering themes such as love,
struggle, social issues, and philosophy. The dataset consists of 30 song records, which were used for accuracy
evaluation.

. Metadata: Song title, artist, genre, year of release, and popularity indicators (e.g., chart
rankings).
. Annotated Sentiment Labels: Some datasets include sentiment labels (positive, negative,

neutral), aiding in supervised learning for sentiment analysis.

. Metaphorical Phrases and Figurative Language: A subset of lyrics is annotated with metaphorical
and symbolic language to train the model in detecting non-literal meanings.

. Sources: The dataset was sourced from publicly available online music repositories, research
datasets, and manually curated collections, ensuring a diverse and well- balanced dataset for analysis.
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3.2 Data Pre-processing

Before feeding the data into deep learning models, pre-processing steps are applied to enhance the quality and
accuracy of analysis. These include:

. Text Cleaning: Removal of special characters, numbers, and unnecessary symbols.
. Tokenization: Splitting lyrics into individual words or phrases for structured analysis.
. Lemmatization & Stemming: Reducing words to their base or root forms to ensure consistency

(e.g., "running" — "run").

. Stopword Removal: Eliminating common words (e.g., "the,
significantly to meaning.

and," "is") that do not contribute

. Part-of-Speech Tagging: Identifying nouns, verbs, adjectives, and other grammatical
components to improve metaphor detection.

. Word Embedding Representation: Converting text into numerical vectors using word
embedding techniques like Word2Vec, GloVe, or BERT embeddings.

3.3 Model Selection and Training

The system employs advanced NLP and deep learning models to analyze song lyrics. The primary models used are:

. LSTM (Long Short-Term Memory): A recurrent neural network (RNN) model capable of
capturing sequential dependencies in lyrics, making it suitable for sentiment classification.

. BERT (Bidirectional Encoder Representations from Transformers): A transformer- based
language model that understands contextual meanings, enabling accurate metaphor detection and deeper lyrical
interpretation.

. Hybrid CNN-LSTM Model: Combines convolutional layers (CNN) for feature extraction with
LSTM for sequential learning, improving performance in sentiment classification.

Training Process:
. The dataset is split into training (80%), validation (10%), and testing (10%) subsets.

. The models are trained using cross-entropy loss for classification tasks, optimizing performance
with Adam and SGD optimizers.

. Hyperparameter tuning is conducted to improve accuracy and generalization across different
lyric styles and languages.

3.4 Flowchart
Figure 1: Workflow of Al-Based Lyrical Analysis System.

The figure shows a process for analysing song lyrics using artificial intelligence (Al). The process begins with data
collection (lyrics dataset), followed by preprocessing (cleaning and formatting text). Next, feature extraction identifies
key linguistic elements (e.g., metaphors, sentiment), which feed into model training (e.g., deep learning). The system is
then evaluated for accuracy before generating outputs (e.g., emotional insights, recommendations). The workflow
highlights the integration of NLP and statistical methods in music analysis.
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4, Implementation:

'Rhythm Decode' is developed using Python, leveraging TensorFlow, NLTK, and transformers for natural language
processing and deep learning. The system is designed to analyze song lyrics through multiple Al-driven processes,
offering insights into sentiment, metaphor detection, and symbolic meaning.

4.1 Backend Processing
The backend processes song lyrics through a structured pipeline:
. Preprocessing: Lyrics are cleaned, tokenized, and lemmatized.

. Feature Extraction. NLP techniques such as TF-IDF and word embeddings
(Word2Vec, BERT) are applied.

. Al Model Execution: The LSTM and BERT models process lyrics for sentiment classification
and metaphor identification.

. Post-Processing: Results are structured for visualization, including sentiment scores,
detected metaphors, and contextual analysis.

4.2 Web-Based Interface

The processed lyrical insights are presented through an interactive web-based interface. The Ul enables users to:

. Upload song lyrics or select from a database.

. View sentiment scores, mood analysis, and metaphor detection.
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. Explore symbolic interpretations of lyrics, categorized by themes such as love, sorrow,
hope, and rebellion.

. Access multilingual support, allowing analysis of lyrics in different languages.
4.3 Model Deployment & Integration

The trained Al models are deployed using Flask/Django, allowing real-time API requests for lyrical analysis. The
system is optimized for scalability and low-latency processing, ensuring smooth performance even for complex lyrical
structures.

This implementation bridges the gap between Al and music interpretation, enhancing user experience by offering a
deeper, Al-powered understanding of song lyrics [8].

5. Evaluation and Results:
5.1 Data Presentation

The results of the Rhythm Decode system are presented using text analysis reports, system outputs, and visual
representations. The system processes song lyrics, extracts key metaphors, and provides interpretations using advanced
NLP and deep learning models.

. Accuracy of Extracted Metaphors: The system extracts key metaphors with an average
accuracy of 96.96%.
. Sentiment Analysis Score Range: Lyrical sentiment scores are assigned between - 1 (negative)

to +1 (positive) based on emotional tone.

. User Interaction Data: Engagement metrics indicate a 65% increase in user interest when lyrical
analysis is provided alongside music playback.

5.2 Analysis of Result

The system’s performance is analyzed using graphical visualizations that illustrate accuracy trends, song analysis
results, and comparative evaluation.

5.2.1 Accuracy Analysis

The line graph below displays accuracy trends across 30 analyzed songs, confirming that accuracy remains above 95%,
ensuring reliable metaphor extraction.

. X-axis: Represents the song index.
. Y-axis: Represents the model’s accuracy (%).

The bar graph shows individual song accuracy levels, providing a direct comparison of metaphor detection performance
across different tracks.

. Each bar represents a song, showing how accurately metaphors were identified in that track
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Overall Model Accuracy: 96.96%

5 Accuracy of Lyric Analysis Model (30 Songs)
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5.3 Key Findings and Interpretations

The following insights were derived from the system’s implementation:

. Al successfully extracts key metaphors with 96.96% accuracy.
o The NLP model effectively identifies metaphors across multiple song genres.
o Example: In the song "Nadaan Parindey"”, the system correctly extracted "Kaaga re

kaaga re" as a metaphor for longing and loss.
. User engagement increases when lyrical meaning is provided alongside playback.

o Surveys conducted on 50 users showed a 65% increase in interest when metaphors
and meanings were displayed alongside the song.
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Users appreciated real-time lyric highlighting and explanations of poetic elements.

54 Comparative Analysis

A comparison with existing platforms (Spotify, Apple Music, YouTube Music) highlights the added value of Rhythm

Decode
Feature Rhythm Spotify Apple YouTube
Decode Music Music
Lyric Display | [ Yes £ Yes [ Yes L Yes
Real-Time Lyric Highlighting | [ Yes X No X No > No
Contextual Meaning Analysis | [ Yes M No X No > No
Sentiment-Based Song | [ Yes 2 Yes [ Yes 2 No
Suggestions
Metaphor Extraction | [ Yes M No X No > No
55 Screen Outputs

Rhythm Decode

> 1:27/6:26

Now Playing

O
-
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Nadaan Parindey - Mohit Chauhan

Extracted Phrases & Meanings

"0 Nadaan Parindey Ghar Aaja" - Represents a lost soul returning home, symbolizing

realization and acceptance.

"Kaaga re kaaga re mori itni araj tose" - A plea to the crow, symbolizing fate or destiny.

© 2025,IJSREM | www.ijsrem.com

Lyrics

O Nadaan Parindey ghar aaja (x3)

Kyun desh-bidesh phire maara
Kyun haal-behaal thaka haara
Kyun desh-bidesh phire maara
Tu raat-biraat ka banjara

O Nadan Parinde ghar aaja

Ghar aaja... Ghar aaja... Ghar aaja aa aa..
Naadan Parinde ghar aaja....

Sau dard badan pe phele hain
Har karam ke kapde mele hain

Kaate chahe jitna paro se hawao'n ko
Khud se naa bach paayega tu

Tod aasmaano ko

Phook de jahaano ko
Khud ko chhupa naa payega tu
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o Extracted phrases and meaning

Extracted Phrases & Meanings

"O Nadaan Parindey Ghar Aaja" - Represents a lost soul returning home, symbolizing
realization and acceptance.

"Kaaga re kaaga re mori itni araj tose™ - A plea to the crow, symbolizing fate or destiny.

"Chun chun khaaiyo maans™ - Depicts a sense of surrender, asking destiny to take
everything except the essence of the soul.

"Arajiya re khaaiyo na tu naina more” - Expresses the desire to preserve the eyes, as they
hold memories and longing.

"Piya ke milan ki aas™ - Symbolizes hope and anticipation for reuniting with a beloved.

Figure 5

O Nadaan Parindey ghar aaja (x3)

Kyun desh-bidesh phire maara
Kyun haal-behaal thaka haara
Kyun desh-bidesh phire maara
Tu raat-biraat ka banjara

O Nadan Parinde ghar aaja

Ghar aaja... Ghar aaja... Ghar aaja aa aa..
Naadan Parinde ghar aagja....

Sau dard badan pe phele hain
Har karam ke kapde mele hain

Kaate chahe jitna paro se hawao'n ko
Khud se naa bach paayega tu

Tod aasmaano ko
Phook de jahaano ko
Khud ko chhupa naa payega tu

o Lyrics (In sync with the song)

Figure 6
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6. Challenges and Limitations:

Despite the effectiveness of Rhythm Decode, several challenges and limitations remain, impacting the overall
efficiency and scalability of the system. These include constraints related to dataset availability, model interpretability,
computational efficiency, and real- time processing.

. Limited Annotated Metaphor Datasets:

o The lack of extensive annotated metaphor datasets significantly affects model
training and performance.

o Unlike sentiment analysis, metaphor detection requires deeper contextual
understanding, making data collection and labeling difficult.

o Solution: Expanding labeled datasets using crowdsourcing or expert linguistic
annotation can improve metaphor detection accuracy.

. Model Interpretability and Transparency:

o Deep learning models like LSTM and BERT, while highly accurate, often function as

black-box models, making it difficult to explain their decision- making process.

o Metaphor recognition and sentiment analysis rely on complex feature extraction, and
understanding how models weigh different words remains a challenge.

o Solution: Implementing explainable Al (XAI) techniques and attention mechanisms
can improve model interpretability.

. Real-Time Processing Requirements:

o Analyzing lyrical content in real-time requires high computational power, especially
for long and complex lyrics.

o Processing thousands of words with deep learning models may introduce latency
issues, affecting user experience.

o Solution: Using optimized transformer models and efficient GPU acceleration can
enhance real-time processing speeds.

. Multilingual and Contextual Limitations:

o The system currently performs well for English and Hindi lyrics, but accuracy declines
for regional languages due to limited training data.

o Metaphors in poetic and abstract lyrics (e.g., Gulzar's poetry) are difficult to interpret
correctly.
o Solution: Expanding the dataset to include multilingual lyrical corpora and context-

aware embeddings can improve accuracy.

. Computational Resource Constraints:

o Deep learning-based models require high processing power, making deployment on
low-resource environments challenging.

© 2025,IJSREM | www.ijsrem.com | Page 10



http://www.ijsrem.com/

g’ ‘33
‘L%JSRE ‘3
J

e-Journal

International Journal of Scientific Research in Engineering and Management (IJSREM)
w Volume: 09 Issue: 04 | April - 2025 SJIF Rating: 8.586 ISSN: 2582-3930

o Running complex NLP tasks on edge devices or mobile applications may lead to
performance bottlenecks.

o Solution: Leveraging cloud-based Al inference or lightweight models (e.g., DistilBERT
for NLP tasks) can improve efficiency.

7. Future Directions:
The Rhythm Decode system has demonstrated promising results in metaphor detection, sentiment analysis, and

symbolic interpretation of lyrics. However, several areas remain open for further research and development, offering
opportunities to enhance the system’s capabilities and real-world applicability.

7.1 Expansion of Multilingual Support

. Currently, the system performs well for English and Hindi lyrics, but its accuracy declines for
regional and less-resourced languages.

. Future improvements can involve training models on multilingual datasets, including

languages such as Spanish, French, Tamil, and Bengali, to enable a globalized lyrical analysis.

. Leveraging multilingual transformer models like mBERT and XLM-R can improve the
understanding of context-specific metaphors across languages

7.2 Improving Model Interpretability

. While deep learning models offer high accuracy, they often act as black boxes, making it
difficult to trace the reasoning behind metaphor and sentiment classification.

. Future research can incorporate Explainable Al (XAl) techniques, such as:

o Attention heatmaps to visualize how the model processes lyrics.

o SHAP (SHapley Additive Explanations) to analyze feature importance.

o Rule-based hybrid models combining Al and linguistic knowledge for better
transparency.

7.3 Real-Time Mobile Application for Lyrical Analysis

. Developing a mobile-based Al application will make lyrical interpretation accessible on the go,

allowing users to:

o Scan and analyze song lyrics in real-time.
o Get instant metaphor explanations while listening to music.
o Receive personalized song suggestions based on sentiment and mood.

Implementing lightweight Al models (e.g., DistilBERT, MobileBERT) will enhance real- time processing on mobile
devices with low power consumption.

7.4 Enhancing Al Models for Deeper Cultural and Poetic Meaning

Current Al models struggle with deeply poetic lyrics, regional dialects, and symbolic references unique to specific
cultures.

Future advancements can involve:
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. Fine-tuning models with culturally rich datasets.
. Developing context-aware embeddings to interpret historical, mythological, and social

references in lyrics.

. Collaborating with linguists, poets, and musicologists to refine Al's understanding of literary
and poetic nuances.

8. Conclusion

This research introduces 'Rhythm Decode,' an Al-powered system for lyrical sentiment and metaphor analysis, leveraging
NLP and deep learning to extract deeper meanings from song lyrics. The study highlights the system’s ability to
analyze lyrics beyond traditional sentiment detection by identifying metaphors, symbolic language, and cultural
references.

The results demonstrate that Al-driven lyrical interpretation can provide valuable insights into the emotional depth and
artistic elements of music, achieving a high accuracy of 96.96% in sentiment analysis and 96.96% in metaphor
extraction. The system’s ability to contextually analyze lyrics marks a significant step forward in the intersection of Al,
music, and linguistics.

Despite these advancements, certain challenges persist, including:

. Dataset limitations that impact metaphor detection in diverse languages and musical
genres.

. Model interpretability issues, as deep learning techniques often lack transparency.

. High computational demands for real-time processing, which can limit scalability. However,
the potential applications of Al-driven music analysis are vast, including:

. Personalized song recommendations based on deeper lyrical analysis rather than just mood or
genre.

. Improved music streaming experiences, where Al-generated insights enhance user engagement.
. Enhanced tools for songwriters and artists, allowing them to refine lyrical expression

through Al-assisted analysis.
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