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ABSTRACT: As the incidence of cyber data breaches continues to increase, conventional manual investigation
techniques for tracing cyber-attacks become more time-consuming and prone to errors. Advances in cyber threats,
which tend to follow similar patterns repeatedly, pose difficulty in investigating them in time. Cyber-attacks, carried out
through cyberspace, tend to destabilize, cripple, manipulate, or compromise an organization's computing resources,
threatening data integrity as well as facilitating unauthorized access to confidential data. The dynamic nature of
cyberspace brings with it concerns regarding the future of the internet, especially with its growing number of users.
New paradigms, including big data created from sensor-equipped devices, open up enormous amounts of information,
which can be leveraged for focused attacks. Though models and algorithms have been very important in the prediction
of cyber-attacks, novel methods from different data representations need to be investigated instead of task-specific
techniques.
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I. INTRODUCTION

Machine learning (ML) is a component of artificial intelligence (Al), allowing computers to learn from data without
programming. Training data in ML is consumed by algorithms in making predictions based on three categorizations:
supervised, unsupervised, and reinforcement learning. Classification is the major ML problem that forecasts labels for
provided data, useful for speech recognition, biometric detection, and cybersecurity threat detection. Classic
cybersecurity depends upon response-based systems such as firewalls and antivirus programs, usually not capable of
responding to adaptive threats. Next-generation AI and ML technologies are being used today to provide proactive
security measures. In this project the SDN dataset is retrieved from Kaggle website and the dataset includes 79
quantitative and qualitative features where 1 feature signifies the qualitative attributes and 78 features signify the
quantitative attributes. This information will be utilized for analysis as well as to identify network intrusion. The overall
information has been acquired into multiple segments that hold various kinds of network traffic.

II. OBJECTIVE

The goal of this web application based on Flask is to enable network intrusion detection through machine learning. The
system enables users to upload a dataset, inspect network traffic, and classify various cyber-attacks. After uploading a
dataset, the application processes the data and gives a preview of its content. It then performs analysis on the dataset to
determine different types of attacks and plots a bar chart showing the distribution of attacks. For classification of
network intrusions, the system utilizes several machine learning models, such as Decision Tree, Support Vector
Classifier (SVC), Random Forest, and Multi-Layer Perceptron (MLP) Classifier. The dataset is divided into training
and testing sets, and the performance of each model is measured in terms of accuracy and F1-score. Also, a comparison
chart is created to illustrate the performance of various models. This project is intended to identify and classify
cyberattacks like DDoS, XSS, Brute Force, SQL Injection, and normal traffic to help cybersecurity experts in advance
threat prevention and enhancing network security using machine learning-based intrusion detection.

III. LITERATURE REVIEW
Intrusion detection in Software-Defined Networking (SDN) has become a critical area of research due to the increasing
sophistication of cyber threats. Traditional security methods often struggle to keep up with SDN’s dynamic nature,

making machine learning (ML) a powerful tool for identifying and preventing attacks. Researchers have explored
various ML techniques to enhance intrusion detection, with models like Decision Trees, Support Vector Machines
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(SVM), Random Forest, and Multi-Layer Perceptron (MLP) classifiers proving to be effective in analysing network
traffic. For instance, Fernandes et al. (2020) demonstrated that an SVM-based intrusion detection system (IDS) could
accurately detect known attacks, while Nanda et al. (2021) proposed a hybrid approach combining Decision Trees and
Random Forest to improve detection rates. (2022) further expanded on this by investigating deep learning models,
highlighting their potential for real-time threat detection. However, despite these advancements, challenges remain,
including the need for scalable solutions, efficient feature selection, and protection against adversarial attacks. The key
to strengthening SDN security lies in developing hybrid models that combine multiple techniques, improving
automated feature extraction, and enhancing defense mechanism ensure robust and adaptive intrusion detection
systems.

IV. SCOPE OF MY PROJECT

This project aims to develop an effective Intrusion Detection System (IDS) for Software-Defined Networking (SDN)
using machine learning techniques. The goal is to accurately classify network traffic and detect cyber threats such as
DDoS attacks, brute force intrusions, SQL injections, and XSS attacks, while distinguishing them from normal, benign
traffic.

Key Areas of Focus

1. Dataset Processing and Analysis

e  Working with a real-time network traffic dataset containing over 1.18 million observations.

e Cleaning the data by removing noise, handling missing values, and selecting the most relevant features to improve
model accuracy.

2. Implementation of Machine Learning Models

e Training and testing multiple classifiers, including Decision Trees, Support Vector Machines (SVM), Random
Forest, and Multilayer Perceptron (MLP).

Evaluating model performance using key metrics such as F1-score, confusion matrix, and learning curves to ensure
accurate classification.

3. Development of a Flask-Based Web Application

e Allowing users to easily upload datasets for analysis.

e Providing real-time visualizations of network traffic and classification results.

e  Offering a user-friendly interface for monitoring and detecting potential threats.

4. Performance Evaluation and Optimization

e Identifying the most important features using TF-IDF and feature selection techniques.
e Conducting exploratory data analysis (EDA) to uncover patterns in attack behaviors.

¢ Fine-tuning models to enhance accuracy and minimize false positives.

5. Real-World Applicability
e Deploying the system in SDN environments to actively monitor and detect intrusions.
e Helping organizations strengthen their cybersecurity defenses by identifying and mitigating network threats.

V. METHODOLOGY

About the Dataset

Intrusion Detection Systems (IDS) and Prevention Systems are essential security tools that help protect network users
from online threats. With the growing adoption of IoT, Cloud, and SDN technologies, networks have become more
accessible and efficient. However, these advancements also introduce vulnerabilities, as cybercriminals attempt to
inject malicious traffic into SDN environments to steal sensitive information. Detecting such network intrusions
requires constant traffic monitoring. The dataset contains 1,188,333 observations, covering different types of network
traffic, including:
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Benign traffic: 798,322 records

DDoS attack traffic: 383,439 records

Web attack — Brute Force: 4,550 records

Web attack — XSS: 1,962 records

Web attack — SQL Injection: 60 records

This dataset is used for training machine learning models to detect network intrusions effectively.

Pre processing of Data

Raw data often contains unwanted characters, symbols, and inconsistencies, making preprocessing an essential step.
The data is cleaned to remove noise, missing values, and redundant information. Additionally, exploratory data analysis
(EDA) is performed to check the quality of the data, ensuring that the dataset is well-structured for further analysis.
This step also includes tokenization and stemming, which are commonly used text preprocessing techniques.

Feature Extraction

Feature extraction plays a crucial role in improving model performance. Using Python’s scikit-learn library, various
feature selection methods are applied to identify the most relevant attributes. Techniques like the bag-of-words model,
n-grams, and term frequency-inverse document frequency (TF-IDF) weighting are used to refine the dataset and
enhance classification accuracy.

Classification

Once the features are extracted, they are fed into different machine learning classifiers to predict cyberattacks. In this
project, five classifiers from scikit-learn are used to train and evaluate the models. Each classifier is tested, and their
performance is compared using F1-score and confusion matrix analysis.

The classifiers used include:

e Decision Tree Classifier: A simple yet effective model that performs multi-class classification by building a tree-
like structure to make predictions. If multiple classes have the same highest probability, the model selects the one
with the lowest index.

e  Support Vector Classifier (SVC): This model finds the best hyperplane to separate different classes, maximizing
the margin between them. Support vectors, which are the critical data points near the decision boundary, play a key
role in defining the classification model.

e Random Forest Classifier: An ensemble learning method that builds multiple decision trees and combines their
outputs to improve accuracy. It helps in reducing overfitting and enhances the model’s robustness.

e  Multilayer Perceptron (MLP) Classifier: A neural network-based model trained using backpropagation to learn
complex patterns in the data, making it highly effective for classification tasks.

Exploratory Data Analysis (EDA) and Visualization

Data visualization is an essential part of understanding and analyzing data. While statistics provide numerical insights,
visualizations help in gaining a qualitative understanding of patterns, anomalies, and trends in the dataset. Through
various visualization techniques, key insights can be drawn, such as identifying outliers, detecting corrupted data, and
understanding feature distributions. With proper domain knowledge, these visualizations can significantly enhance the
interpretability of machine learning models and improve decision-making in network security.
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Figure 1: Data flow Diagram.
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Figure 4: Model Accuracy prediction
VIII. CONCLUSION

This project presents an effective approach to intrusion detection in Software-Defined Networking (SDN) using
machine learning techniques. By leveraging a dataset containing real-time network traffic, the system classifies various
types of cyber threats, such as DDoS attacks, brute force intrusions, SQL injections, and XSS attacks, while
distinguishing them from benign traffic. The implementation of multiple classifiers—Decision Trees, Support Vector
Machines (SVM), Random Forest, and Multilayer Perceptron (MLP)—ensures a comprehensive evaluation of different
machine learning models. Additionally, the integration of a Flask-based web application enhances usability by
providing real-time data visualization and an intuitive interface for network monitoring.

FUTURE ENHANCEMENT

Incorporating deep learning models to improve detection accuracy.

e Expanding the dataset to include a wider range of attack types and real-world scenarios.

e Developing an adaptive system that continuously learns from new threats to improve security over time.

By combining machine learning with real-time network analysis, this project lays the groundwork for an intelligent,
scalable, and adaptive IDS that enhances SDN security.
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