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Abstract: The rapid growth of mobile users and data-intensive applications has significantly increased cellular network
traffic, leading to challenges in maintaining Quality of Service (QoS). This project presents the design and implementation
of a Machine Learning-Based Cellular Traffic Prediction system using data reduction techniques to efficiently analyze and
forecast network traffic patterns. The system utilizes advanced machine learning algorithms combined with clustering-
based data reduction methods to improve prediction accuracy and reduce computational complexity. The proposed
framework incorporates modules such as data pre-processing, clustering-based data reduction, model training, and
adaptive model selection. Large-scale multi-dimensional network datasets are processed using techniques like Principal
Component Analysis (PCA) and density-based clustering algorithms such as DBSCAN and Kernel Density Clustering.
These methods help in identifying similar traffic patterns and reducing redundant data. Further, multiple machine learning
models including Linear Regression, Support Vector Regression (SVR), Decision Tree, and Light Gradient Boosting
Machine (LGBM) are trained and evaluated. The optimal model is selected based on accuracy and computational
efficiency. The system demonstrates high prediction accuracy and reduced training time, making it suitable for real-time
traffic analysis.

1. INTRODUCTION

In the modern digital era, the rapid increase in smart phones usage, video streaming, and cloud-based applications has led
to a massive growth in cellular network traffic. Managing this traffic efficiently is essential to ensure high Quality of Service
(QoS) for users. However, traditional network management techniques are often inefficient in handling large-scale, high-
dimensional traffic data. To overcome these challenges, this project proposes a Machine Learning-Based Cellular Traffic
Prediction system that leverages data reduction techniques to improve prediction efficiency and accuracy. The system
analyzes historical network data and predicts future traffic loads, helping network operators optimize resources and
prevent congestion. The proposed system integrates multiple modules such as data pre-processing, clustering, model
training, and evaluation. Data pre-processing removes noise and irrelevant features, while clustering algorithms group
similar traffic patterns. Machine learning models are then trained on reduced datasets to predict traffic load efficiently.
Additionally, the system supports adaptive model selection, where the best-performing algorithm is chosen based on
accuracy and execution time. This ensures optimal performance under varying network conditions. The modular design
allows future enhancements such as deep learning integration and real-time deployment.

Research Objectives and Methodology
Objectives:
1. To design an efficient system for predicting cellular network traffic using machine learning techniques.
2. To reduce computational complexity using clustering-based data reduction methods.
3. To improve prediction accuracy by selecting the most suitable ML model.
4. To analyze multi-dimensional network datasets using PCA and feature selection techniques.
5. To develop a scalable framework adaptable to real-time network conditions.
Methodology:
e Data collection from cellular network KPIs
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Data pre-processing (cleaning, normalization, feature selection)

Data reduction using DBSCAN and KDC clustering

Model training using ML algorithms (LR, SVR, DT, LGBM)

Model evaluation using R2, RMSE, and MAPE

Adaptive model selection based on performance metrics.

2. LITERATURE SURVEY

Recent advancements in machine learning have significantly improved the ability to predict network traffic patterns.
Traditional approaches relied on statistical models, which lacked accuracy when handling large-scale and high-dimensional
datasets. Modern research focuses on applying machine learning and deep learning techniques such as LSTM, CNN, and
Gradient Boosting for traffic prediction. These models can capture complex patterns in network data but often require
high computational resources. Clustering-based data reduction techniques have been introduced to address this issue by
grouping similar data points and reducing dataset size. Algorithms like DBSCAN and K-means help improve model
efficiency while maintaining prediction accuracy. However, many existing systems do not effectively combine data
reduction with adaptive model selection. This project aims to bridge that gap by integrating clustering, sampling, and
machine learning into a unified framework for efficient traffic prediction

3. METHODOLOGY
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Phase 1: Data Preparation

e Collect cellular KPI data
e  Apply feature selection and PCA
* Improves data quality
Phase 2: Data Reduction
e Use DBSCAN & KDC clustering
e Select similar data samples
* Reduces data size
Phase 3: Model Training
e Train ML models: LR, SVR, DT, LGBM
* Learns traffic patterns
Phase 4: Model Selection
e  Evaluate using R?, RMSE, MAPE
e Select best model
* Ensures accuracy
Final Output
Predicts cellular traffic efficiently
4. EXPERIMENTAL SETUP AND IMPLEMENTATION
System Environment
e Development Platform: Python (Jupyter Notebook / VS Code)
e Libraries: NumPy, Pandas, Scikit-learn, Matplotlib, LightGBM
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e Database: CSV / Real-time KPI dataset
e  Operating System: Windows / Linux
Dataset Description
The dataset consists of cellular network Key Performance Indicators (KPIs) such as:
e  Traffic Volume
e Resource Block Utilization
e Throughput
e Llatency
e Number of Users
These datasets are high-dimensional and collected from real-world telecom environments.
Implementation Workflow

NogkrwbdpE

Score

Data collection and cleaning
Feature selection and PCA
Clustering using DBSCAN & KDC
Sample extraction
Model training and evaluation
Best model selection
Traffic prediction output
5. RESULT ANALYSIS AND PERFORMANCE EVALUATION

g e s e o erR SR D e s
plt.figure(figsize=(12,6))

plt.bar(models, accuracies)

plt.title("All Algorithms Accuracy Comparison (R2 Score)")
plt.xlabel{"Algorithms")

plt.ylabel("Score™)

plt.xticks{rotation=38)

plt.grid(axis="y")

# Show values on bars
for i, v in enumerate(accuracies):
plt.text(i, v + ©.91, f"{v:.2Ff}", haz='center')

plt.tight_layout()
plt.show()

[LightGBM] [Info] Auto-choosing row-wise multi-threading, the overhead of testing was ©.881845 seconds.
You can set " force_row _wise=true to remove the overhead.

And if memory is not enough, you can set "“force_col_wise=true”.

[LightGBM] [Info] Total Bins 13e6

[LightGBM] [Infeo] MNumber of data points in the train set: 48008, number of used features: 7

[LightGBM] [Info] Start training from score 189.8139719

===== MODEL PERFORMANCE (R2 SCORE) =====
Linear Regression : ©.986190133865945

Random Forest B8.9848436520526788
Decision Tree 9.9710060652763065
SVM : ©.9858362345186698
KNMN : ©.9831572402834633
XGBoost ©.9853542336382276
LightGBM @.98583712588435
All Algorithms Accuracy Comparison (RZ >core)
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e Thisis a Telecom Traffic Prediction interface (Ul).
e User inputs network parameters like:
Hour (12) — time of prediction
Day (0) — selected day
DL Util % (50) — download usage
UL Util % (30) — upload usage
Users (100) — number of users
0 Throughput values — network speed
Based on these inputs, the system will predict cellular network traffic/load using a trained ML model.

OO0OO0OO0O0

¥ Telecom Traffic Prediction

Hour

Day

(4]

DL Util %
UL Util %

Users

100

DL Throughput

50.00

UL Throughput

20.00

6. CONCLUSION:

This project presents a Machine Learning-Based Cellular Traffic Prediction system that effectively addresses the challenges
of large-scale network data analysis. By integrating data reduction techniques with advanced machine learning models, the
system achieves high prediction accuracy while reducing computational complexity. The use of clustering algorithms and
adaptive model selection enhances system efficiency and scalability. Experimental results show that the framework can
significantly reduce training time while maintaining high accuracy in predicting network traffic. Overall, the proposed
system provides a reliable and efficient solution for cellular network optimization. Future work can include deep learning
models, real-time deployment, and integration with 5G/6G networks for enhanced performance.
The system evaluates multiple machine learning models based on accuracy and computational efficiency.

e LGBM achieved the highest accuracy (~98%)

e Significant reduction in training time (up to 85%)

e Improved prediction during peak traffic conditions

o Effective handling of large-scale datasets
The results demonstrate that combining clustering-based data reduction with machine learning improves both
performance and efficiency.
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