Music genre classification using Deep learning
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[bookmark: _Toc165951555]Introduction
When it involves audio signal processing and Music Information Retrieval (MIR), one of among the most key duties is music genre categorization. Genre analysis is the process of classifying musical works attributed to their auditory qualities. Notable progress has been achieved in this domain with the introduction of deep learning methods. "How effective are the most recent deep learning techniques for music genre classification when contrasted with more conventional approaches?" is the question that the following research aims to answer.
Key Concepts
· Music Genre Classification
· Deep Learning.
· Audio Signal Processing
· Music Information Retrieval (MIR)
Synonyms
	Original Term
	Synonyms

	Music Genre Classification
	Genre Recognition, Genre Tagging, Genre Identification

	Deep Learning
	Neural Networks, Deep Neural Networks (DNNs), Artificial Neural Networks (ANNs)

	Audio Signal Processing
	Audio Processing, Audio Analysis, Audio Feature Extraction

	Music Information Retrieval
	Music Data Mining, Music Content Analysis


Top of Form
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The research presented here adopted an orderly method of browsing three main databases to choose from: Discovery, ACM Digital Library, and IEEE Xplore for pertinent publications. "Music genre classification," "deep learning music genre classification," "music genre detection," "music classification neural networks," and variants of these phrases were among the first search results. 
We preferred the IEEE Xplore database because of its emphasis on technological engineering, which includes audio applications and signal processing. Due of its comprehensive coverage of IT and computer scientific literature, the ACM Digital Library was selected. To make sure the search was thorough, we used the Discovery database, which merges content from a variety of works.
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	Probe Index
	Posed Interrogation?
	Keywords Employed
	Examination Span
	Documentation (Academia/Symposia)
	Curated Insights

	1
	Can Transfer Learning Accurately Classify Music Genres?
	music genre classification
	2018-2021
	34 journals, 249 conference papers
	I found transfer learning exceptionally effective for classifying a wide array of western music genres.

	2
	What is the Current State of Deep Learning in Music Signal Processing?
	music classification deep learning
	2020-2023
	106 journals, 540 conference papers
	To be comprehensive, deep learning has been extensively applied in the field of music signal processing.

	3
	How Effective is Deep Learning in Distinguishing Indonesian from Foreign Music Genres?
	music genre detection
	2019-2022
	8 journals, 40 conference papers
	The compelling use of deep learning for distinguishing music genres led me to explore its efficiency further.

	4
	Can Deep Learning Techniques Improve Digital Music Genre Classification?
	deep learning music genre classification
	2020-2023
	15 journals, 125 conference papers
	Many more digital platforms could benefit from enhanced classification accuracy provided by deep learning.

	5
	How Have Neural Networks Performed in Music Genre Classification Recently?
	music classification neural networks
	2016-2019
	159 journals, 765 conference papers
	Neural networks' varying success in music genre classification sparked my interest in a detailed analysis.

	6
	Is Transfer Learning Effective for Predicting Music Genres with High Accuracy?
	music genre prediction deep learning
	2020-2023
	2 journals, 21 conference papers
	I pursued this query due to the ongoing challenges in achieving high accuracy in music genre prediction.

	7
	What Advances Have Machine Learning Brought to Music Genre Classification?
	CNN music genre classification
	2020-2023
	8 journals, 62 conference papers
	The exploration of machine learning's impact on music categorization led to significant findings.

	8
	How are Hybrid Deep Learning Techniques Enhancing Indian Music Classification?
	RNN music classification
	2021-2024
	8 journals, 39 conference papers
	The complexity of Indian music genres compelled the use of hybrid deep learning techniques.

	9
	What Role Do Spectrograms Play in Classifying Music Genres?
	spectrogram classification music
	2017-2020
	34 journals, 163 conference papers
	Spectrograms intrigued me as a tool for effective music genre classification.

	10
	How Does Deep Learning Enhance the Classification of Heartbeat Sounds?
	audio feature extraction deep learning
	2020-2024
	426 journals, 1,105 conference papers
	I explored deep learning's impact on the classification of heartbeat sounds due to its healthcare implications.

	11
	Can Combined Transfer and Active Learning Methods Increase Music Genre Classification Accuracy?
	music classification transfer learning
	2018-2021
	16 journals, 101 conference papers
	The necessity for more sophisticated systems due to evolving music complexities led to this investigation.

	12
	What are the Latest Developments in Music Genre Classification Using Generative Adversarial Networks (GANs)?
	music genre classification GAN
	2020-2023
	1 journal, 1 conference paper
	Many more insights were sought into the state-of-the-art methods used in deep learning for music processing.



A range of databases and phrases of search yielded vastly different amounts of results when we scanned our search. To refine the search to methodologies particular to deep learning, terms like "CNN," "RNN," "spectrogram," "feature extraction," and "transfer learning" were included. Also, only papers published during the last five years were considered by applying filters. 
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	Probe Index
	Posed Interrogation?
	Keywords Employed
	Examination Span
	Documentation (Academia/Symposia)
	Curated Insights

	1
	How does instrument activity detection function in orchestral music recordings?
	music genre classification
	2019-2022
	18,884 articles
	I delved into this topic to understand the specific needs of music recommendation systems.

	2
	What are the structural aspects of deep learning in product image classification?
	music classification deep learning
	2018-2023
	27,564 articles
	To be explored was how deep learning structures can impact classification across different applications.

	3
	Can machine learning predict the relationship between human emotion and music?
	music genre detection
	2018-2023
	25,111 articles
	The intrinsic link between music and emotion piqued my interest in this predictive modeling.

	4
	What does the survey reveal about deep learning in symbolic music generation?
	deep learning music genre classification
	2019-2023
	27,574 articles
	Many more insights were gathered about the evolving models in music generation.

	5
	What regularization techniques improve audio classification with deep neural networks?
	music classification neural networks
	2017-2021
	25,070 articles
	I investigated the importance of tuning neural networks for enhanced audio task performance.

	6
	What is modeled and predicted in the relationship between human emotion and music using machine learning?
	music genre prediction deep learning
	2018-2023
	27,503 articles
	The role of deep learning in emotional prediction within music intrigued me.

	7
	How does hierarchical classification aid in instrument activity detection in orchestral recordings?
	CNN music genre classification
	2020-2023
	19,455 articles
	The use of hierarchical models in classifying complex music compositions led to this inquiry.

	8
	What are the newest network architectures and training pipelines in music source separation?
	RNN music classification
	2019-2023
	19,097 articles
	Exploring recent advances in neural architecture for music was compelling.

	9
	How does feature modeling from spectral peaks assist in music and speech classification?
	spectrogram classification music
	2019-2022
	4504 articles
	I was drawn to how specific audio patterns could be better recognized through advanced features.

	10
	How does variational information feature extraction enhance privacy in audio classification?
	audio feature extraction deep learning
	2020-2024
	2520 articles
	The intersection of privacy and deep learning in audio processing necessitated further exploration.

	11
	How does transductive transfer learning assist in text classification across domains?
	music classification transfer learning
	2018-2022
	264 articles
	To be understood was the transfer of knowledge across domains, prompting this search.

	12
	What are the challenges and solutions in extending the bandwidth of historical music recordings?
	music genre classification GAN
	2019-2023
	19 articles
	Many more methods and challenges in audio signal enhancement were reviewed to enhance understanding.



In sum, the search yielded useful insights into the depth and breadth of deep learning research into music genre categorization. Finding specific results in IEEE Xplore and the ACM Digital Library was easy, but the Discovery database provided a wider view and required more stringent filtering owing to the large number of results. 
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	Probe Index
	Posed Interrogation?
	Keywords Employed
	Examination Span
	Documentation (Academia/Symposia)
	Curated Insights

	1
	Can diverse music genres be effectively classified in a large dataset?
	music genre classification
	2015-2019
	88,834 conference papers, 480,680 articles
	I explored the massive dataset to understand the scope of genre diversity and classification accuracy.

	2
	What advancements has deep learning brought to music classification?
	music classification deep learning
	2016-2020
	327,621 conference papers, 1,639,214 articles
	To be examined was how deep learning has revolutionized the accuracy and methods of music classification.

	3
	How can we detect music genres more precisely using advanced algorithms?
	music genre detection
	2017-2021
	149,075 conference papers, 808,564 articles
	The precision in genre detection through advanced algorithms compelled me to delve deeper into this area.

	4
	Are there new methods in deep learning that enhance music genre classification?
	deep learning music genre classification
	2018-2022
	328,265 conference papers, 1,661,091 articles
	Many more innovative deep learning methods were investigated for their impact on music classification.

	5
	What role do neural networks play in improving music classification techniques?
	music classification neural networks
	2014-2018
	249,394 conference papers, 1,070,932 articles
	I examined the evolving role of neural networks in refining classification techniques across genres.

	6
	How effective is prediction using deep learning in the field of music genres?
	music genre prediction deep learning
	2019-2023
	331,186 conference papers, 1,703,064 articles
	The effectiveness of predictive algorithms in music intrigued me, leading to this research exploration.

	7
	What improvements do CNN models offer for music genre classification?
	CNN music genre classification
	2018-2022
	108,391 conference papers, 521,086 articles
	The specific improvements by CNN models in handling complex classifications prompted my interest.

	8
	Can RNNs effectively handle complex music classification challenges?
	RNN music classification
	2015-2019
	91,635 conference papers, 463,385 articles
	Exploring the capability of RNNs to manage complex music styles was a natural progression of my study.

	9
	How are spectrograms utilized in the latest music classification techniques?
	spectrogram classification music
	2016-2020
	88,929 conference papers, 458,634 articles
	I was drawn to the use of spectrograms for their unique approach to categorizing music by sound patterns.

	10
	What is the impact of deep learning on audio feature extraction for classification?
	audio feature extraction deep learning
	2019-2023
	345,944 conference papers, 1,766,555 articles
	The profound impact of deep learning on feature extraction techniques led to this thorough investigation.

	11
	How do transfer learning techniques contribute to the accuracy of music genre classification systems?
	music classification transfer learning
	2017-2021
	333,281 conference papers, 1,829,054 articles
	The contribution of transfer learning to improving genre classification accuracy was central to my study.

	12
	How do GANs influence the field of music genre classification?
	music genre classification GAN
	2018-2022
	97,872 conference papers, 502,495 articles
	Many more aspects of GANs and their innovative applications in music sparked my curiosity.




[bookmark: _Toc165951560]Criteria for Inclusion and Exclusion
The criteria were applied systematically to the search results from all three databases. Papers that met the inclusion criteria were further analyzed, while those that did not meet the criteria were excluded from the review.
Table: Literature Review Inclusion and Exclusion
	Paper ID
	Title
	Included/Excluded

	1
	Music Genre Classification Using Transfer Learning
	Included

	2
	Music Deep Learning: Deep Learning Methods for Music Signal Processing—A Review of the State-of-the-Art
	Included

	3
	Detection of Indonesian Dangdut Music Genre with Foreign Music Genres Through Features Classification Using Deep Learning
	Included

	4
	An Intelligent Music Genre Classification Method with Feature Extraction based on Deep Learning Techniques
	Included

	5
	Neural Network Music Genre Classification
	Included

	6
	An Intelligent Music Genre Classification Method with Feature Extraction based on Deep Learning Techniques
	Included

	7
	Harmony in Algorithms: Exploring Music Genre Classification Through Machine Learning
	Included

	8
	RhythmQuest: Unifying Indian Music Classification and Prediction with Hybrid Deep Learning Techniques
	Included

	9
	Music Genre Classification using Spectrograms
	Included

	10
	Comparing and Combining Audio Processing and Deep Learning Features for Classification of Heartbeat Sounds
	Excluded

	11
	Combined Transfer and Active Learning for High Accuracy Music Genre Classification Method
	Included

	12
	On Beat Tracking and Tempo Estimation of Musical Audio Signals via Deep Learning
	Excluded

	13
	A Survey of Audio Classification Using Deep Learning
	Included

	14
	Multi-modal, Multi-task and Multi-label for Music Genre Classification and Emotion Regression
	Included

	15
	Deep Learning Based Emotion Recognition Algorithm for Digital Music Speech
	Excluded

	16
	End-to-end Stereo Audio Coding Using Deep Neural Networks
	Excluded

	17
	Design of a Music Recommendation System Based on Look-alike and K-means Algorithms
	Excluded

	18
	Hierarchical Classification for Instrument Activity Detection in Orchestral Music Recordings
	Included

	19
	Structure-Aware Deep Learning for Product Image Classification
	Excluded

	20
	Machine Learning–based Modeling and Prediction of the Intrinsic Relationship between Human Emotion and Music
	Excluded

	21
	A Survey on Deep Learning for Symbolic Music Generation: Representations, Algorithms, Evaluations, and Challenges
	Excluded

	22
	Receptive Field Regularization Techniques for Audio Classification and Tagging With Deep Convolutional Neural Networks
	Included

	23
	Machine Learning–based Modeling and Prediction of the Intrinsic Relationship between Human Emotion and Music
	Excluded

	24
	Hierarchical Classification for Instrument Activity Detection in Orchestral Music Recordings
	Included

	25
	Music Source Separation With Band-Split RNN
	Excluded

	26
	Speech/Music Classification Using Features From Spectral Peaks
	Included

	27
	Privacy-Preserving Audio Classification Using Variational Information Feature Extraction
	Included

	28
	Lost in Transduction: Transductive Transfer Learning in Text Classification
	Excluded

	29
	BEHM-GAN: Bandwidth Extension of Historical Music Using Generative Adversarial Networks
	Excluded

	30
	A Survey on Deep Learning for Symbolic Music Generation: Representations, Algorithms, Evaluations, and Challenges
	Excluded

	31
	SyncLabeling: A Synchronized Audio Segmentation Interface for Mobile Devices
	Excluded

	32
	Hierarchical Classification for Instrument Activity Detection in Orchestral Music Recordings
	Included

	33
	A Multimodal Framework for Large-Scale Emotion Recognition by Fusing Music and Electrodermal Activity Signals
	Excluded

	34
	Sinsy: A Deep Neural Network-Based Singing Voice Synthesis System
	Excluded

	35
	Formalizing Multimedia Recommendation through Multimodal Deep Learning
	Excluded


Count of Included Papers: 19 Count of Excluded Papers: 16

[bookmark: _Toc165951561]Analysis of Selected Literature
Spottings and indicators of music genre categorization using deep learning were highlighted by the examination of the chosen literature: 
1. Most deep learning architectures, including CNNs and RNNs, along with other methods like attention mechanisms and transfer learning, are used for this job. 
2. Deep learning algorithms that employ spectrogram-based feature representations to capture the spectral and temporal properties of audio sources have shown encouraging results. 
3. When juxtaposed with unimodal algorithms, multimodal approaches, which use both audio information and additional modalities particularly lyrics or metadata, outperform them. 
4. In nearly every instance, deep learning algorithms have achieved better accuracy and robustness in music genre categorization tasks than classical machine learning methods.
5. Improving the interpretability of deep learning models for music genre categorization, coping with large-scale datasets, and tackling genre ambiguity are all ongoing challenges. 
It can be tough to accurately evaluate various techniques realistically due to significant gaps in the research, such as the absence of standardised datasets and evaluation measures. A greater look into unsupervised and self-supervised learning approaches, as well as few-shot along with zero-shot learning techniques, needs to be implemented for the reason of music genre categorization. 


[bookmark: _Toc165951562]Conclusions
This literature review has shed light on the present status of deep learning research into music genre categorization. The search results were initially somewhat overwhelming, but by applying inclusion and exclusion criteria in a methodical way, we were able to narrow down the emphasis to the highest quality and most relevant publications. 
Some publications, especially those from conference proceedings or certain journals, were difficult to obtain, which was a problem. Finding specific search phrases that collected all relevant publications without adding too much noise was also made tough by the wide breadth of the study subject. 
Despite these caveats, the literature study has shown that deep learning approaches have made great strides in this area, surpassing conventional methods and showing encouraging outcomes. Still, we can do better in areas like standardising datasets, making models more interpretable, and investigating new deep learning techniques that are more suited to music genre categorization. 
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