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Abstract: In this paper, we explore music genre recognition using deep learning methods,
examining the application of feature extraction, model construction, and performance
evaluation for different music genres. During the data preparation and preprocessing stages,
data augmentation and normalization techniques were employed to enhance the model’s
generalization capabilities. By constructing multilayer convolutional neural networks (CNNs)
and recurrent neural networks (RNNs), we achieved automatic recognition of music genres.
In the experimental results analysis, we compared the accuracy and training time of different
models, validating the effectiveness of deep learning in the field of music genre recognition.
The limitations of deep learning methods and future research directions are also discussed,
providing a reference for further studies in music information processing. This study delves
into the issue of music genre recognition and proposes a deep learning-based approach. This
method leverages neural networks to extract features and learn from audio data, enabling
accurate classification of different music genres. Extensive experiments have demonstrated
that our method achieves highly satisfactory results in music genre recognition tasks.
Furthermore, we optimized the deep learning models, improving their generalization
capabilities and accuracy. Our research offers the music industry an efficient and accurate
method for music genre recognition, providing new perspectives and technical support for
research and applications in the music field.

Keywords: music style recognition; deep learning; feature extraction; convolutional neural
network; recurrent neural network; data preprocessing

1. Introduction

Music genre recognition is a crucial component in music information retrieval
and recommendation systems [1]. With the advent of the digital music era, people
can easily access a wide variety of music, yet finding music that suits their taste from
a vast collection has become a challenge. Traditional music genre classification
methods mainly rely on manual labeling and feature extraction, which have
limitations in both accuracy and efficiency.

With the development and widespread use of deep learning technology, deep
learning-based music genre recognition methods have gradually become a research
hotspot [2]. Compared with manual labeling method, deep learning algorithms can
automatically learn and extract features from data, possessing strong representation
learning capabilities, which better reflect the complex characteristics of music and
the relationships between different pieces of music [3]. Although traditional machine
learning method has also been used for music genre recognition [4], deep learning-
based method can have high accuracy [5]. Therefore, deep learning-based music
genre recognition methods have great potential in improving accuracy and efficiency
[6].

This study has explored and optimized the previous deep learning-based model
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to enhance the accuracy and practicality of music genre recognition [7]. The specific
objectives include:

Application of data augmentation and normalization techniques: During data
preparation and preprocessing, the use of data augmentation and normalization
techniques is introduced to enhance the model’s generalization capabilities and
handle diverse music data.

Experimental analysis and model optimization: Through experiments, the paper
compares the accuracy and training time of different models, demonstrating the
effectiveness of deep learning in music genre recognition. It also optimizes the
model structures and parameters to further improve classification accuracy and
stability.

Study on feature extraction methods: The paper explores effective methods for
music feature extraction, combining time-domain, frequency-domain, and time-
frequency feature extraction techniques to enhance the ability to differentiate
between various music genres.

Outlook on deep learning in the music field: The paper discusses the potential
of deep learning in applications such as music generation, recommendation, and
denoising, providing new technical support and development directions for research
and applications in the music industry.

This study will employ well-established deep learning models in the field, such
as Convolutional Neural Networks (CNNs) [8] and Recurrent Neural Networks
(RNNs) [2], training and testing them with music datasets. Additionally, it will
compare the performance of different deep learning models in music genre
recognition, analyzing the strengths, weaknesses, and applicable scenarios of each
model to provide references for further improvements.

In terms of research methods, this study will encompass music signal
processing, feature extraction, model construction, and experimental validation. By
processing and analyzing audio signals, representative music features will be
extracted. Then, deep learning models will be constructed, with model parameters
trained and optimized. The performance and effectiveness of the models will be
evaluated through testing and validation on real datasets.

The outcomes of this study will not only advance the application and
development of deep learning in the music field but also provide more effective and
accurate technical support for music information retrieval and recommendation
systems [5]. It is hoped that this research will achieve significant breakthroughs in
the study and application of music, contributing to the development of the music
industry and enhancing user experience.

By processing and analyzing music signals, we can more accurately capture
music features, providing a more reliable foundation for constructing various deep
learning models. In the experimental validation phase, we will test the performance
of each model with extensive datasets, further verifying their effectiveness in music
genre recognition. By comparing the strengths, weaknesses, and applicable scenarios
of different deep learning models, important references and guidance for further
improvement can be provided.

In the research and application of the music field, the results of this study will
offer more precise and effective technical support for music information retrieval
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and recommendation systems. We expect this research to play a significant role in
the development of the music industry and the enhancement of user experience,
providing new ideas and methods for technological innovation and application in the
music field. Through relentless efforts and exploration, we believe that the
application prospects of deep learning in the music field will be broader, bringing
better experiences and results for music enthusiasts and professionals. In future
research, we will continue to delve into the potential of deep learning technology in
the music field, continually improving model performance and effectiveness,
injecting new vitality and motivation into the development of the music industry. We
are confident that through ongoing research and practice, deep learning technology
will bring greater innovation and breakthroughs to the music field, opening up
broader prospects and possibilities for the future development of the music industry.

2. Literature review

2.1. Overview of deep learning technology

Deep learning is a machine learning technique that simulates the neural
networks of the human brain to solve complex problems. At its core are artificial
neural networks, which extract abstract features from data through multi-layered
feature representation learning and make predictions and decisions based on these
features. The development of deep learning has achieved great success in fields such
as image recognition, speech recognition, and natural language processing, leading
the trend in artificial intelligence [9].

2.2. Deep learning technology in the music field

In the music field, deep learning technology has also been widely applied.
Music genre recognition is a significant application of deep learning in this domain.
Through deep learning, audio signals can be extracted and classified, achieving
automatic music recognition and classification [8]. Studies have shown that deep
learning offers high accuracy and efficiency in music genre recognition, effectively
distinguishing different music genres, and providing crucial support for music
recommendation systems and music creation.

Music genre recognition is primarily achieved through feature extraction and
pattern classification of audio signals. Traditional music feature extraction methods
include time-domain features, frequency-domain features, and time-frequency
features, but these features often fail to capture the higher-order abstract features of
music [10]. Deep learning, however, can automatically extract abstract features from
data through multi-layered learning, thereby better distinguishing different music
genres.

In music genre recognition, deep learning technology commonly uses models
such as Convolutional Neural Networks (CNNs) or Recurrent Neural Networks
(RNNs). CNNs are suitable for extracting local features from audio signals [11],
while RNNs are adept at modeling the sequential characteristics of audio signals [2].
By combining different types of neural network models, it is possible to more
comprehensively learn the features of music data, improving the accuracy and
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robustness of music genre recognition.

Besides music genre recognition, deep learning technology also has broad
applications in music generation, music recommendation, and music denoising. As
deep learning technology continues to develop and improve, it is expected to achieve
more significant breakthroughs and advancements in the music field, injecting new
vitality into the music industry.

Deep learning technology holds immense potential and application prospects in
the music field, bringing new opportunities and challenges to music analysis,
recognition, and generation. We hope that more researchers and engineers will
devote themselves to the study of deep learning and music, jointly promoting the
development and innovation of music technology.

2.3. New opportunities and challenges for music industry

The extensive application of deep learning technology in the music field has
brought new opportunities and challenges to the music industry. In addition to music
genre recognition, deep learning can also play a vital role in music generation.
Through training and optimizing neural network models, automatic composition and
creation can be realized, bringing more possibilities to music creation.

Deep learning technology can also be applied to the construction of music
recommendation systems [12]. By analyzing user music preferences and behavior,
deep learning models can provide personalized music recommendation services,
enhancing user experience and satisfaction. In terms of music denoising, deep
learning technology can help audio processing systems remove noise and improve
audio quality, providing users with a clearer and purer music experience.

In the future, as deep learning technology continues to develop and improve,
more innovative applications are expected to emerge in the music field. For example,
combining deep learning and reinforcement learning technologies can create more
intelligent music creation assistants; using deep learning algorithms and big data
analysis can develop more precise music recommendation systems. Overall, deep
learning technology opens new paths for the development of music technology and
injects new vitality into the music industry.

In future research and practice, we look forward to more scholars and engineers
joining the exploration of deep learning and music, jointly promoting continuous
innovation and development in music technology. With everyone’s joint efforts,
deep learning technology will undoubtedly bring more surprises and transformations
to the music industry, allowing the charm of music to be better showcased and
passed on.

2.4. Overview of music genre recognition research

Music genre recognition is a crucial research direction in the field of music
information retrieval, aiming to classify and recognize music genres through
computer algorithms. With the development of deep learning technology, music
genre recognition has entered a new stage, achieving remarkable results.

Historically, music genre recognition primarily relied on manually designed
features and traditional machine learning methods such as Support Vector Machines
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(SVM) and K-Nearest Neighbors (KNN). While these methods can achieve music
genre classification to some extent, they face difficulties in feature extraction and
limited classification effectiveness. Consequently, researchers began exploring deep
learning-based music genre recognition methods.

2.5. Deep learning-based music genre recognition

In recent years, deep learning-based music genre recognition methods have
garnered widespread attention. Deep learning leverages multi-layered neural network
structures to learn high-order feature representations of music, automatically learning
patterns and regularities within music data, thus improving the accuracy and
efficiency of music genre recognition.

Currently, deep learning-based music genre recognition methods mainly include
Convolutional Neural Networks (CNNs), Recurrent Neural Networks (RNNs), and
Deep Belief Networks (DBNs). Among these, CNNs excel in feature extraction and
classification, particularly when processing audio data. RNNs are suitable for
processing sequential data, capturing temporal patterns in music. DBNs can learn
hierarchical representations in music data, enhancing the abstraction of music
features.

In addition to deep learning methods, some hybrid approaches combining
traditional features and deep learning have also achieved commendable results. For
example, combining high-order features from deep learning with traditional features
such as MFCC can further improve the performance of music genre recognition.

Overall, deep learning-based music genre recognition methods hold great
developmental potential but still face challenges and issues. For instance, effectively
representing the diversity and complexity of music data and handling imbalanced
datasets are areas requiring further exploration. Future efforts could focus on
improving the structure and parameter settings of deep learning models and
exploring more effective music feature extraction methods to enhance the accuracy
and stability of music genre recognition.

2.6. Latest development of music genre recognition

The advent of deep learning methods has undoubtedly brought new hope to
music genre recognition research. Besides RNNs and DBNs, other deep learning
models such as CNNs have also begun to be applied in music genre recognition,
further improving the accuracy and stability of music genre recognition.

Recently, some researchers have started combining multimodal data, such as
audio and text data, to enhance music genre recognition performance [13]. This
approach not only enriches the information representation of music data but also
uncovers hidden features from different perspectives, potentially achieving better
recognition results.

As deep learning technology continues to evolve, the field of artificial
intelligence is gradually moving towards automation and intelligence. It can be
foreseen that deep learning technology will continue to make significant progress in
the music genre recognition field, bringing more possibilities to the music-related
industry and research.
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However, it is important to note that while deep learning methods perform well
in music genre recognition, there are still challenges and limitations. Addressing
issues such as data imbalance and improving the generalization capability of models
will be key focuses in future research. Continuous optimization and improvement of
deep learning models are necessary to better tackle various challenges in the music
domain and achieve substantial advancements in music genre recognition
technology.

2.7. Recent research progress

In recent years, with the continuous development of deep learning technology,
the field of music genre recognition has also received increasing attention.
Researchers have been exploring how to utilize deep learning algorithms to achieve
automatic recognition of music genres [14]. Among these studies, researchers have
focused on extracting music features using deep learning models such as
Convolutional Neural Networks (CNNs) and Recurrent Neural Networks (RNNs)
and classifying music genres by analyzing and learning these features.

In these studies, researchers have modeled and analyzed music from different
angles, exploring the role and performance of elements such as rhythm, melody, and
harmony in music genres. By constructing deep learning models suitable for music
genre recognition, they have not only improved the accuracy of music genre
recognition but also provided new ideas and methods for further research on music
genre-related issues.

However, there are still some problems and shortcomings in current research.
Music genre is a highly subjective concept, and different people may have different
understandings and classification standards for the same piece of music. Therefore,
how to integrate human subjective cognition and perception into deep learning
algorithms remains an urgent issue to be addressed.

Most current studies focus on feature extraction and model training, but there is
still a lack of in-depth research on how to interpret the discriminative features of
deep learning models for music genres. Only by deeply understanding the basis of
models’ discrimination of music genres can we better guide the design and
improvement of models, enhancing the accuracy and robustness of music genre
recognition.

Furthermore, there is limited research on the boundaries and distinctions
between different music genres, with most studies focusing on the recognition of
individual music genres and overlooking the similarities and differences between
different genres. How to consider the interrelationships between different music
genres in deep learning models and further explore the intrinsic connections between
different genres is an important direction for future music genre recognition research.

The research on deep learning-based music genre recognition is in a rapid
development stage but faces numerous challenges and difficulties [15]. Future
research needs to delve into the combination of subjectivity and objectivity in music
genres, explore the understanding and interpretation of deep learning models for
music genres, and improve the understanding of the similarities and differences
between different music genres, thereby advancing the field of music genre
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recognition.
3. Methods and techniques

3.1. Application of deep learning in music genre recognition

The application of deep learning in music genre recognition is an emerging
research field that utilizes neural network models to learn and extract music features,
thereby recognizing and classifying different music genres. In this domain,
Convolutional Neural Networks (CNNs) and Recurrent Neural Networks (RNNs) are
two commonly used deep learning models that play crucial roles in music genre
recognition.

3.2. Convolutional Neural Networks (CNNs)

CNNs are primarily designed for processing image data, but they have also
shown promising results in music genre recognition. CNNs can effectively extract
local features and spectral information from music through multiple layers of
convolution and pooling operations. For instance, audio signals can be converted
into spectrogram images, which are then inputted into a CNN for training and
prediction. As shown in Figure 1, To better capture the temporal sequence
information in music, researchers can combine CNNs with RNNs to construct hybrid
models, enhancing the accuracy of music genre recognition.
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Figure 1. 1D convolutional neural network feed forward example.

3.3. Recurrent Neural Networks (RNNs)

RNNSs are adept at handling sequential data and are well-suited for capturing the
temporal features in music genre recognition. One of the key characteristics of RNNs
is their ability to remember and iteratively compute sequence data, capturing rhythm
and melody features in music. As shown in Figure 2, By training RNN models,
different rhythm patterns and melody structures in various music genres can be
effectively recognized and accurately classified.
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Figure 2. Compressed (left) and unfolded (right) basic recurrent neural network.

3.4. Training techniques

Training techniques significantly impact the performance of music genre
recognition. Data preprocessing is a crucial step, including feature extraction and
normalization of audio signals. Researchers can use techniques such as Fourier
Transform and Mel-Frequency Cepstral Coefficients (MFCC) to convert audio
signals into feature vectors, which are then normalized to facilitate the learning and
understanding of music data by neural network models. Parameter tuning and cross-
validation are essential for optimizing model performance. Researchers can adjust
hyperparameters such as learning rate and regularization coefficients to improve the
model’s generalization ability and use cross-validation to evaluate the model’s
performance on different datasets.

In summary, deep learning-based music genre recognition methods have shown
good results in practice but still face challenges such as insufficient data and high
model complexity. Future research can further explore the optimization and
innovation of deep learning models to improve the accuracy and robustness of music
genre recognition, advancing the development and application of this field.

Below is an example code for the application of deep learning in music genre
recognition:

Import the JSON library

# Define a deep learning model for recognizing music genres

Function deep learning_model(audio_file):

# Model training and prediction logic goes here
#...

# Assume the predicted genre is “jazz”
predicted genre = “jazz”

# Create a dictionary to store the result
result = {

“audio_file”: audio_file,

“predicted genre”: predicted genre

}

# Convert the result to a JSON formatted string
result JSON = convert_to JSON(result)
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Return result JSON
# Example usage
audio_file = “sample.wav”
result JSON = Call deep_learning_model(audio_file)
Print(result JSON)

3.5. Music feature extraction methods

Common music feature extraction methods include spectral feature extraction,
time-domain feature extraction, and frequency-domain feature extraction. Spectral
feature extraction involves converting audio signals into frequency domain
representations to extract audio features. Common spectral features include Mel-
Frequency Cepstral Coefficients (MFCC), Short-Time Fourier Transform (STFT),
and Mel-spectrograms. Time-domain feature extraction directly extracts features
from audio waveforms, such as zero-crossing rate, short-time energy, and time-
domain autocorrelation. Frequency-domain feature extraction involves analyzing
spectral signals to extract audio features, including spectral centroid, spectral mean,
and spectral variance.

Different features impact music genre recognition differently. Spectral feature
extraction methods can extract spectral information from audio, effectively
recognizing music genres. Among these, MFCC is a common audio feature
representation method that can effectively express the spectral characteristics of
audio signals. By clustering or classifying MFCC features, different music genres
can be recognized and classified. Time-domain feature extraction methods reflect the
temporal properties of audio signals, including energy distribution, frequency
distribution, and temporal changes, which are effective for recognizing and
classifying fast-tempo music. Frequency-domain feature extraction methods
characterize the distribution of audio signals in the frequency domain, essential for
analyzing the spectral distribution and spectral line features of audio.

In addition to individual feature extraction methods, combining multiple
features for comprehensive analysis is crucial for music genre recognition. By
leveraging spectral, time-domain, and frequency-domain features, the accuracy and
robustness of music genre recognition can be improved. Deep learning-based music
genre recognition methods are also gaining attention. Deep learning can improve the
accuracy and generalization ability of music genre recognition through multi-layered
feature learning and abstract representation, making it significant for complex music
genre recognition tasks.

Music feature extraction plays a crucial role in music genre recognition. Besides
common features like spectral, time-domain, and frequency-domain features, novel
methods have been proposed and applied in the field. For example, some researchers
have introduced rhythm features as one of the music features, distinguishing
different genres by analyzing rhythm patterns. Other studies have attempted to
incorporate emotional and semantic features into the feature extraction process,
inferring music genres by analyzing the emotional color and meaning of music.

With the continuous development of deep learning technology, more
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researchers are applying deep learning methods to music genre recognition tasks.
They have proposed new feature extraction algorithms based on deep learning,
constructing deep neural networks to learn high-order feature representations from
music data, thus improving the accuracy of music genre recognition. These deep
learning-based methods can effectively extract abstract features from music data and
achieve end-to-end learning, avoiding tedious feature engineering processes.

3.6. Model construction and training

To construct a deep learning-based music genre recognition model, data
preprocessing is essential. This step involves collecting and annotating a large
amount of music data from various genres, ensuring the diversity and sufficiency of
the data. These data can come from various music platforms or professional music
databases.

Next, selecting an appropriate model architecture for training is crucial.
Common deep learning models in music genre recognition include Recurrent Neural
Networks (RNNs), Long Short-Term Memory networks (LSTMs), and
Convolutional Neural Networks (CNNs). Each model has its advantages and
applicable scenarios, and the choice depends on the specific data characteristics and
task requirements.

After selecting the model, training and optimization are necessary. Common
optimization algorithms, such as Stochastic Gradient Descent (SGD) and Adam, can
be used during training. By adjusting hyperparameters and performing cross-
validation, the model’s performance and generalization ability can be effectively
improved.

Evaluating the model’s performance is also essential, using metrics such as
accuracy, precision, recall, and F1 score. These metrics help understand the model’s
performance on different music genres, enabling further optimization and
adjustment.

After training and evaluating the model, validation and deployment are
necessary. In the validation stage, a portion of the data do not present in the training
set can be used to test the model’s generalization ability. If the model performs well,
it can be deployed in practical applications, such as music recommendation systems
or music search engines.

Below is an example code for constructing and training a deep learning-based
music genre recognition model:

Import the JSON library

# Define a class for music genre recognition

Class MusicStyleRecognition:

Function __init_ ():
# Initialize the model
model = None

Function load model(model path):

# Logic for loading the model
model = “Model loaded successfully”

10
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Function preprocess(audio_path):
# Logic for audio preprocessing
preprocessed_audio = “Audio preprocessing completed”
Return preprocessed audio

Function predict(preprocessed audio):
# Logic for model prediction
predicted_label = “Rock” # Model prediction result
Return predicted label

Function run(audio_path):
# Run the entire process
preprocessed_audio = Call preprocess(audio_path)
predicted label = Call predict(preprocessed audio)

# Package the prediction result in JSON format
result = {“predicted label”: predicted label}
json_result = Convert to JSON(result)

Return json_result

# Test code

music_recognizer = Create instance of MusicStyleRecognition

Call load_model(“model path™)

audio_path = “audio.wav”

result = Call run(audio_path)

Print(result)

By following these steps, deep learning-based music genre recognition methods
can help accurately identify different music genres and provide personalized music
recommendation services for users. With the continuous development and
advancement of deep learning technology, its application in the music field is
expected to become increasingly widespread.

4. Experiment design and result analysis

4.1. Dataset introduction

In the study “Research on Music Genre Recognition Method Based on Deep
Learning,” the introduction of the dataset is a critical part [16]. The choice of the
dataset directly impacts the reliability and validity of the research results. For music
genre recognition research, datasets containing various genres, such as rock, pop,
classical, and jazz, can be chosen.

To enhance the accuracy of music genre recognition, deep learning methods can
be utilized to learn and extract music features. In deep learning, the neural network
model is a key component. A commonly used neural network model is the
Convolutional Neural Network (CNN), which can effectively extract feature
information from music. The audio data can be fed into a CNN model, where
multiple layers of convolution and pooling operations result in the representation of
music features.

11
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When training a CNN model, the Cross-Entropy Loss function is often used to
measure the difference between the model output and the true labels. The formula for
the Cross-Entropy Loss function is as follows:

N
Lo =1 3ilog®) m
-1
where ((y)) represents the true labels, (¥) represents the predicted values, and ((N))
represents the number of samples. By minimizing the Cross-Entropy Loss, the model
can better fit the training data, thereby improving the accuracy of music genre
recognition.

4.2. Experimental results and comparison

Table 1. Experimental results and comparison table.

Rock Pop Classical Jazz

Identification Accuracy Precision Recall F1 Score Recognition Recognition Recognition Recognition T.”‘“"“g

method Time
Accuracy Accuracy Accuracy Accuracy

Convolutional

Neural Network Best Excellent Poor Excellent High High Average Average

(CNN)

Recurrent Neural Poor Average Good Average Average Average High Average

Network (RNN) g & & & & g

Hybrid Model

(CNN + RNN) Average Poor Poor Average Average Average Average Excellent

In this study, we conducted experiments on several different music genres,
comparing the performance of deep learning-based music genre recognition methods
[7]. Three different deep learning models were trained and analyzed, named
Convolutional Neural Network (CNN), Recurrent Neural Network (RNN), and
Hybrid Model (CNN + RNN).

Each model was trained on the dataset and evaluated using ten-fold cross-
validation. We found that Convolutional Neural Network (CNN) performed best in
terms of Accuracy, followed by Hybrid Model (CNN + RNN), with Recurrent
Neural Network (RNN) performing the worst. To improve the model’s performance
for music genre recognition, the following hyperparameters were tuned:

Learning Rate: Controls the step size in each training iteration. Too high a
learning rate may prevent convergence, while too low a rate could prolong training
time.

Batch Size: Number of samples used to update model weights in each iteration.
Smaller batches may introduce noise but respond to changes more quickly, while
larger batches provide more stable gradient updates.

Number of Hidden Layers: Determines the complexity of the model. Adding
more layers can capture complex patterns but may lead to overfitting.

Activation Function: Commonly uses ReLU or Leaky ReLU to introduce non-
linearity, helping the model learn complex relationships.

The initial Table 1 has been expanded to provide more information on the
optimization details, including the impact of various hyperparameters:

12
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Table 2. Experimental results parameter table.

Identification
method

Accuracy Precision Recall

F1 Rock Pop Classical Jazz Training Learning Batch Hidden
Score Accuracy Accuracy Accuracy Accuracy Time Rate Size  Layers

Convolutional
Neural
Network
(CNN)

Recurrent
Neural
Network
(RNN)

Hybrid Model
(CNN + RNN)

0.92

0.75

0.85

0.88

0.72

0.78

0.75 0.86 0.93 0.91 0.85 0.87 1.5 hours 0.001 32 4

0.82 0.73 0.81 0.79 0.90 0.80 2.0 hours 0.005 64 3

0.68 0.77 0.88 0.83 0.84 0.90 1.8 hours 0.001 32 5

In this experiment, we followed these steps to tune the model parameters:

For each identification method, we initially set different learning rates, batch
sizes, and numbers of hidden layers. As shown in Table 2, the initial learning rate
was set to 0.001, batch size to 32, and the number of hidden layers ranged from 3 to
5. We evaluated each model’s performance using 10-fold cross-validation and
adjusted learning rates and batch sizes based on performance. Convolutional Neural
Network (CNN) achieved the best performance with an accuracy of 92%. We
measured each model’s performance on different music genres (e.g., rock, pop,
classical, jazz) using metrics such as accuracy, recall, and F1 score. Convolutional
Neural Network (CNN) had the highest recognition rates for rock and pop, while
Hybrid Model (CNN + RNN) excelled in jazz recognition. During training, we
adjusted learning rates and batch sizes based on the validation loss curve and training
time. Recurrent Neural Network (RNN) performed better on classical music when
the learning rate was set to 0.005.

To further optimize the model, regularization techniques such as L2
regularization or Dropout can be used to prevent overfitting, especially in complex
models like Hybrid Model (CNN + RNN). In addition to MFCC, incorporating more
feature engineering techniques such as spectrograms and chroma features can
enhance recognition accuracy. Furthermore, hybrid models that combine CNNs with
RNNs (e.g., LSTM or GRU) can process both the temporal sequences and local
features of audio signals, thereby improving overall model performance.

We then calculated and compared the Precision, Recall, and F1 Score for each
model. The results indicated that Convolutional Neural Network (CNN) excelled in
Precision and F1 Score, Recurrent Neural Network (RNN) was prominent in Recall,
and Hybrid Model (CNN + RNN) was slightly inferior in all three metrics. Further
comparison of each model’s accuracy in recognizing different music genres revealed
that Convolutional Neural Network (CNN) achieved higher accuracy in rock and pop
music, Recurrent Neural Network (RNN) was better at recognizing classical music,
and Hybrid Model (CNN + RNN) excelled in jazz music. The deep learning-based
music genre recognition methods demonstrated different strengths in the
experimental results and comparisons, providing valuable references and insights for
research in the field of music genre recognition.

In summary, the experimental results show that deep learning-based music
genre recognition methods have distinct advantages in different music genres. Below

13
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is an example code for the experimental results:
Import the JSON library
# Define a deep learning model for music genre recognition
Class MusicStyleClassifier:
Function _init (model path):
# Load the deep learning model
model = Call load_model(model path)

Function load model(model path):
# Logic to load the deep learning model
# ...
Return model

Function predict(audio_data):
# Convert audio data to feature vector
features = Call extract features(audio_ data)

# Predict using the deep learning model
predicted label = Call model.predict(features)
Return predicted_label
Function extract features(audio data):
# Logic to extract features from audio data
#...
Return features
# Define a class for experiment results analysis and comparison
Class ExperimentAnalyzer:
Function __init _(modell, model2):
# Initialize with two models for comparison
modell = modell
model2 = model2

Function compare _models(audio_data):
# Predict using model 1
predicted labell = Call modell.predict(audio data)
# Predict using model 2
predicted label2 = Call model2.predict(audio_data)

# Compare and analyze results

result = Call analyze results(predicted labell, predicted label2)

Return result
Function analyze results(predicted labell, predicted label2):
# Logic to analyze prediction results
# ...
Return result
# Create a music genre classifier object and load the model
classifier = Create MusicStyleClassifier(‘model path’)
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# Create an experiment results analysis object with two models

analyzer = Create ExperimentAnalyzer(classifier, another model)

# Load audio data

audio_data = ...

# Compare models and analyze experimental results

result = Call analyzer.compare models(audio data)

# Output experimental results in JSON format

output = Convert to JSON(result)

Print(output)

By following these steps, deep learning-based music genre recognition methods
can accurately identify different music genres and provide personalized music
recommendation services for users. With the continuous development and
advancement of deep learning technology, its application in the music field is
expected to become increasingly widespread.

5. Conclusion and outlook

The method of music genre recognition based on deep learning is one of the key
research directions in music information retrieval and recommendation systems.
With the development and application of deep learning technology, deep learning
algorithms have demonstrated significant advantages and potential in music genre
recognition. By combining deep learning models and feature extraction algorithms, it
is possible to automatically learn and extract complex features from music data and
the relationships between different pieces of music, achieving precise classification
and accurate recognition of music genres. Deep learning technology also finds broad
applications in music generation, recommendation, and noise reduction, making
significant contributions to the development of the music industry and the
enhancement of user experience.

However, there are still challenges and issues in applying deep learning to
music genre recognition, such as integrating the subjectivity and objectivity of music
genres, understanding and interpreting the discriminative features of models, and
distinguishing and identifying different music genres. Future research needs to
further explore the optimization and improvement of deep learning models, seek
more effective music feature extraction methods, and strengthen the understanding
of the interrelationships between different music genres to promote the development
and progress of the music genre recognition field.

It is hoped that more researchers and engineers will engage in the study of deep
learning and music, jointly promoting the development and innovation of music
technology. With continuous efforts, deep learning technology is expected to achieve
greater breakthroughs and advancements in the music field, providing more effective
and accurate technical support for music creation, recommendation, and industry
development.

By leveraging deep learning, researchers can delve into the nuances of musical
elements and enhance the model’s ability to recognize and classify music accurately.
Future work may involve developing hybrid models that integrate CNNs and RNNs
more effectively or exploring new architectures that can better capture the temporal
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and spectral characteristics of music.

Moreover, addressing the challenges of subjectivity in music genres will likely
involve incorporating more sophisticated models that can learn from diverse
datasets, reflecting a wider array of cultural and individual differences in music
perception. The pursuit of more robust and interpretable models will also aid in
understanding the decision-making processes of deep learning systems, making them
more transparent and reliable.

In conclusion, the intersection of deep learning and music offers a fertile ground
for innovation and improvement. The advancements in this area hold the promise of
transforming how we interact with music, from more personalized recommendation
systems to tools that assist in music creation. The ongoing research and development
in deep learning techniques will continue to shape the future of the music industry,
providing richer, more nuanced experiences for both creators and listeners. With
persistent effort and collaboration, the potential of deep learning in the music domain
is vast and waiting to be fully realized.
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