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Abstract: The ability to predict channel capacity in wireless communication systems is critical for optimizing network
performance and ensuring efficient data transmission. This work utilizes machine learning techniques to predict channel
capacity based on key environmental and network parameters, including Signal-to-Noise Ratio (SNR), bandwidth, fading
coefficients, and interference. Simulated data is generated to model the relationship between these factors and channel
capacity using Shannon’s theorem. A Random Forest Regressor is employed to develop a predictive model, with hyper
parameter tuning carried out using Grid Search CV for optimal performance. The model's performance is evaluated using
metrics such as Mean Absolute Error (MAE), Mean Squared Error (MSE), Root Mean Squared Error (RMSE), and R2.
Visualizations are provided to illustrate the relationship between actual and predicted values of channel capacity, as well
as the feature importance ranking. The work concludes with the saving of the trained model and scaler for future use.
This predictive model serves as a step toward more intelligent and adaptive wireless network management, providing
insights into optimizing communication systems under varying conditions.
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I1. INTRODUCTION

The exponential growth in wireless communication technologies has led to a massive increase in data traffic and the
number of connected devices. This surge has intensified the need for efficient and reliable communication systems
capable of meeting diverse demands. A critical metric for wireless networks is channel capacity, which represents the
maximum rate of data transmission over a communication channel with minimal error. Predicting and optimizing channel
capacity is essential for designing efficient wireless systems, particularly in the context of modern communication
systems like 5G and beyond.[1]

The concept of channel capacity is based on Shannon's theorem, which establishes the theoretical limit for data
transmission over a noisy communication channel. However, real-world communication systems are influenced by
various factors such as:

Signal-to-Noise Ratio (SNR): A measure of signal quality relative to background noise

Bandwidth: The range of frequencies allocated for transmission.

Fading and Interference: Environmental factors that disrupt signal propagation.

These factors contribute to complex, non-linear relationships in the system, making it challenging to model channel
capacity using traditional mathematical techniques alone. Machine learning offers a powerful alternative by learning
these relationships directly from data and enabling accurate predictions of channel capacity under varying conditions.[2]
This work focuses on applying machine learning techniques to predict channel capacity using key features such as SNR,
bandwidth, and interference. By leveraging regression models, including Random Forest and Neural Networks, this work
aims to provide insights into system optimization and enhance the performance of wireless communication networks.

I11.RELATED WORK
Smith et al., 2020"Channel Capacity Prediction in Wireless Networks Using ML Techniques"
This study demonstrated the application of Random Forest and Neural Network models to predict channel capacity. It

highlighted the importance of SNR and interference as the most influential factors and achieved an accuracy improvement
of 15% over conventional methods.
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S.Yousuf. 2022"Machine Learning-Based Regression Models for Predicting Signal Strength in Wireless Networks,"
The authors explored spectrum utilization using machine learning. By incorporating real-time traffic and interference
data, the models dynamically allocated bandwidth, resulting in significant capacity gains.

Chen et al., 2019"Non-linear Modeling of Wireless Channels Using Deep Learning"
This paper employed deep learning techniques to model the non-linear effects of fading and shadowing on channel
capacity. The results showed that neural networks captured patterns missed by traditional models.

Kumar et al., 2021"Shannon Capacity Extensions Using Machine Learning"
The study proposed enhancements to Shannon’s capacity theorem by integrating machine learning to account for
interference and user mobility. The hybrid model demonstrated higher accuracy in dynamic environments.

Patel et al., 2022"Energy-Efficient Resource Allocation in 5G Networks"
Although focused on energy efficiency, this paper highlighted the interplay between energy consumption and channel
capacity, emphasizing the need for intelligent resource allocation using ML techniques.

Authors in A. Kumar et al., 2024 reviewed the impact of fading and interference on channel capacity. The study suggested
using advanced ML models to mitigate these effects and optimize data rates.

Research by S. Yousuf et al.2022 demonstrated the importance of feature selection in wireless communication. The study
used decision tree algorithms to rank parameters such as SNR, bandwidth, and interference, providing insights into their
relative contributions to channel capacity.

D. Rusek et al., 2022 investigated techniques to balance energy efficiency with capacity optimization. The authors
highlighted the role of machine learning in dynamic power control and resource allocation.

Authors in H. Kim, J. Choi, and D. J. Love, 2024 focused on adaptive systems that use reinforcement learning for real-
time channel capacity prediction and resource management. The study achieved up to 20% improvement in network
efficiency.

I1l. PROPOSED WORK

3.1 INTRODUCTION Predicting channel capacity in wireless communication systems involves addressing several
challenges, including handling non-linear relationships, dynamic environmental factors, and multiple interacting
parameters. This chapter describes the methodology employed to design and evaluate machine learning models for
channel capacity prediction. The proposed methodology consists of four key steps: data preprocessing, feature
engineering, model development, and model evaluation. Each phase is designed to ensure that the machine learning
models are robust, accurate, and adaptable to varying network scenarios.

3.2 DATA PREPROCESSING

Data pre-processing is a crucial step in preparing the dataset for machine learning. It ensures that the models can process
the data effectively and produce reliable predictions.
3.2.1 Handling Missing Values
Missing values in the dataset can lead to biased predictions or errors during model training. In this project, missing values
were handled as follows:
e For numerical features, missing values were imputed using the mean or median of the respective
feature.
e If a feature had more than 30% missing values, it was excluded from the dataset to maintain data
quality.

3.2.2 Feature Normalization
The input features, such as SNR, bandwidth, and interference, were normalized to a range of [0, 1] using the MinMax
Scaler. This ensures that all features contribute equally during model training and prevents dominance by features with
larger scales.
3.2.3 Exploratory Data Analysis (EDA)
EDA was performed to identify relationships and patterns in the dataset:

e Correlation Analysis: A heatmap was generated to understand the relationships between features and

the target variable (channel capacity).
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o Outlier Detection: Extreme values were identified using boxplots and capped to prevent skewed
predictions.

o Feature Distribution: Histograms and probability density plots were used to analyze the distribution
of features.

Data
Integration

Data Data Data
Cleaning . Transformation
Preprocessing
Data Reduction or
Dimension Reduction

Figure 3.1 — Data Processing

3.3 Feature Engineering

Feature engineering involves creating additional features or transforming existing ones to enhance model performance.
3.3.1 Derived Features

The Effective SNR was calculated to account for the combined impact of interference on the SNR:

Effective SNR = SNR /1 + Interference

This feature captures the impact of interference on the overall signal quality, providing a more realistic representation
of channel conditions.
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Figure 3.2 — Feature Engineering

3.3.2 Interaction Features
Polynomial features were generated to capture interactions between key parameters. For example:
Interaction Term = SNR * Bandwidth

These interaction terms help models capture complex relationships that linear combinations of features might miss.
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3.3.3 Feature Selection

Redundant and less significant features were removed using correlation analysis and feature importance rankings from
preliminary model runs. This step reduces dimensionality and improves model efficiency.

3.4 Machine Learning Models

Three categories of machine learning models were implemented to predict channel capacity. Each model type was
chosen for its ability to handle specific aspects of the problem.

3.4.1 Baseline Model: Linear Regression

Linear Regression was used as a baseline to understand the relationship between input features and channel capacity.
While limited in its ability to capture non-linear dependencies, it provided a foundation for comparison with more
advanced models.

3.4.2 Non-linear Models

¢ Random Forest Regressor:
An ensemble learning technique that combines multiple decision trees to model non-linear
relationships and feature interactions. It is robust to overfitting and performs well on datasets with
varying feature importance.

e Gradient Boosting Models:
Advanced tree-based models like XGBoost and LightGBM were explored to enhance prediction
accuracy by iteratively correcting errors from previous models.
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Figure 3.3 — Machine Learning Models
3.4.3 Neural Networks

A feedforward neural network was employed to handle high-dimensional, complex patterns in the dataset. The
architecture included:

e Input Layer: Representing the number of features.
e Hidden Layers: Two dense layers with ReLU activation functions.
e Output Layer: A single node with linear activation to predict channel capacity.

The network was trained using the Adam optimizer and mean squared error as the loss function.
3.5 Model Training and Optimization
3.5.1 Hyper parameter Tuning

To optimize the performance of the models, hyperparameter tuning was conducted using GridSearchCV. Key
hyperparameters included:
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¢ Random Forest: Number of trees, maximum depth, and minimum samples per split.
e Gradient Boosting Models: Learning rate, number of estimators, and maximum depth.
o Neural Networks: Number of neurons, learning rate, and batch size.

3.5.2 Cross-Validation

K-fold cross-validation was performed to evaluate model generalization. The dataset was divided into kkk subsets, with
each subset serving as a validation set while the model was trained on the remaining subsets.

VI. RESULTS

The results obtained from this study demonstrate the effectiveness of machine learning models in predicting channel
capacity based on key environmental and network parameters. By simulating realistic scenarios and evaluating the
performance of different models, the project successfully identified the best-performing approaches and highlighted areas
for further optimization. This section presents the key findings, including model performance metrics, feature importance
analysis, and visualizations.

Adjusted Transmission Powers

The machine learning models were evaluated using standard performance metrics, including Mean Absolute Error
(MAE), Mean Squared Error (MSE), Root Mean Squared Error (RMSE), and R2R"2R2. The results are summarized in
Table 4.1.

Table 4.1: Standard Performance Metrics

Model 1) MAE 2) MSE 3) RMSE 4) R?
Linear Regression 5 3.21 6) 12.50 7) 3.54 8) 0.91
Random Forest 9) 145 10) 3.68 11) 1.92 12) 0.98
Neural Network 13) 1.20 14) 2.45 15) 1.56 16) 0.99

e The Neural Network model achieved the best performance, with the lowest errors and the highest
R2R"2R2 score.

e The Random Forest model also performed well, capturing non-linear relationships effectively.

e Linear Regression showed limited accuracy due to its inability to model complex dependencies.

Feature Importance Analysis
Feature importance analysis using the Random Forest model revealed the relative contribution of each parameter to
channel capacity prediction:

¢ SNR: 45% (Most significant)

e Bandwidth: 35%

e Interference: 15%

e Fading Coefficient: 5%
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Figure 4.1: Actual vs Predicted Channel Capacity
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These findings highlight the importance of SNR and bandwidth in determining channel capacity, emphasizing the need
to manage interference for improved performance.

Visualizations

To provide a clearer understanding of the results, the following visualizations were generated:

1. Scatter Plot: Actual vs. predicted channel capacity for all models.

2. Feature Importance Bar Chart: Visualization of the importance scores assigned to input parameters by the Random
Forest model.

3. Residual Analysis Plot: Distribution of prediction errors for each model.
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Figure 4.2: Feature Importance in Random Forest
CONCLUSIONS

This work successfully demonstrated the application of machine learning techniques for predicting channel capacity in
wireless communication systems. By simulating realistic network scenarios and incorporating key parameters such as
Signal-to-Noise Ratio (SNR), bandwidth, interference, and fading coefficients, the study provided a robust framework
for accurate capacity prediction.

Key findings from this work include:

1. Effectiveness of Machine Learning Models: Neural Networks emerged as the most accurate model for predicting
channel capacity, achieving the highest R2R"2R2 score and the lowest error metrics. Random Forest models also
performed well, offering interpretable insights into feature importance.

2. Impact of Input Features: Feature importance analysis revealed that SNR and bandwidth were the most significant
contributors to channel capacity, while interference had a moderate but critical impact.

3. Scalability and Flexibility: The machine learning framework demonstrated its ability to adapt to dynamic conditions,
making it suitable for real-time decision-making in modern wireless networks.

The results indicate that machine learning provides a viable solution for addressing the challenges of non-linearity,
dynamic conditions, and multi-variable interactions inherent in channel capacity prediction. This framework has practical
implications for optimizing resource allocation, improving network performance, and supporting the deployment of
advanced communication technologies like 5G and beyond.
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