Volume 13 Issue 2 @ Mar-Apr 2025 IJIRMPS | ISSN: 2349-7300

NETWORK TRAFFIC ANALYSIS FOR CYBER
ATTACK CLASSIFICATION USING SUPERVISED
LEARNING MODELS

Mrs.Nikitha M Kurian?!, R. Nivethitha?,
Kirtheka Srinivasan®, M. Mohamed Aslam?

! Assistant Professor, 2,3,4B. Tech Student
Department of computer Science and Engineering
SRM INSTITUTE OF SCIENCE AND TECHNOLOGY
RAMAPURAM, CHENNAI-600089

Abstract:

With the increasing reliance on digital infrastructure, the risk of cyber-attacks has grown exponentially.
Cyber-attacks such as phishing, malware, denial-of-service (Dos), and advanced persistent threats
(APTs) can have devastating consequences for organizations and individuals. This project presents a
comprehensive approach to classifying cyber-attacks using supervised machine learning techniques.
By leveraging labelled datasets, machine learning models are trained to identify and classify various
types of cyber-attacks based on network traffic, system logs, and user behavior patterns. The proposed
system aims to enhance the efficiency of intrusion detection systems (IDS) by automating the detection
and classification process, ensuring real-time protection against diverse threats. This research
highlights the importance of data pre-processing, feature selection, and hyper parameter optimization
in achieving high accuracy and precision in cyber-attack classification.

1. INTRODUCTION

The introduction highlights the significance of using supervised machine learning techniques for classifying
cyber-attacks, a crucial aspect of modern cybersecurity. With the increasing complexity of the digital
landscape, cyber threats have become more frequent and sophisticated, necessitating swift and accurate threat
identification. Supervised machine learning provides an effective solution by utilizing labeled datasets to train
algorithms to recognize and categorize different types of cyber-attacks. This classification helps organizations
respond efficiently, minimize damage, and strengthen their security systems. One of the key advantages of
supervised learning in cybersecurity is its ability to enhance various defense mechanisms, such as intrusion
detection, malware identification, email filtering, and anomaly detection. By learning from past attack data,
these models can improve the detection of known threats and provide insights into emerging attack patterns.
However, several challenges hinder the effectiveness of these techniques, including the wide range of attack
methods, the adaptability of cybercriminals, and imbalanced datasets where some types of attacks occur more
frequently than others. Despite these challenges, the potential of supervised machine learning in cybersecurity
remains vast. Continuous research is focused on refining these models to better handle evolving threats,
integrate them into comprehensive security frameworks, and address ethical concerns such as bias and data
privacy. As cyber threats continue to evolve, machine learning will play an increasingly critical role in
safeguarding digital assets and infrastructure.

2. PROBLEM STATEMENT

In network security, Intrusion Prevention Systems (IPS) play a crucial role in mitigating cyber threats by
identifying and blocking malicious activities in real-time. However, existing IPS solutions often rely on
predefined signature-based detection mechanisms, making them vulnerable to evolving attack strategies,
including adversarial threats that bypass traditional defenses. While behavioral analysis and traffic anomaly
detection enhance IPS effectiveness, they may still suffer from high false positives and undetected zero-day
attacks. This project addresses the limitations of conventional IPS solutions by integrating supervised
learning-based network traffic analysis to improve cyberattack classification. By leveraging both signature-
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based and behavior-based detection methods, the proposed system aims to enhance attack detection accuracy,
reduce false positives, and adapt to emerging threats. Additionally, the project focuses on implementing real-
time threat mitigation strategies, including automated blocking of malicious IPs and generating alerts for
security personnel. Through rigorous experimentation and model validation, the system is designed to provide
a scalable, adaptive, and efficient solution for cyber threat prevention in modern network environments.

3. OBJECTIVE

A cyber-attack detection system is designed to monitor network traffic for malicious activities or policy
violations. Any detected threats are reported through a Security Information and Event Management
(SIEM) system for further analysis. This project focuses on developing a machine learning-based model
for cyber-attack prediction, aiming to improve detection accuracy over traditional supervised classification
models. By comparing different supervised algorithms, the model seeks to enhance threat detection and
response efficiency. Through rigorous testing and validation, the system is designed to be scalable and
adaptive, offering a more effective solution for modern network security challenges.

4. RELATED WORK

Traditional Intrusion Detection and Prevention Systems (IDPS)

Intrusion Detection and Prevention Systems (IDPS) have been widely used in cybersecurity to monitor
network traffic and detect unauthorized access. These systems primarily rely on signature-based and rule-
based detection methods, which compare incoming data with predefined attack patterns. While effective
against known threats, they struggle with zero-day attacks, where new or modified attack signatures are not
yet available. Additionally, traditional IDPS often generate false positives, leading to inefficiencies in
network security operations. As cyber threats evolve, these systems have become less reliable in providing
comprehensive protection against emerging cyber-attacks.

Machine Learning in Cybersecurity

Machine learning has emerged as a powerful tool in cybersecurity, offering enhanced threat detection by
analyzing patterns in network traffic. Supervised learning algorithms such as Support Vector Machines
(SVM), Decision Trees, Random Forest, and Neural Networks have been widely explored for cyber-attack
classification. These models use labeled datasets to train the system on known attack types, improving
detection accuracy. However, machine learning-based methods face challenges like imbalanced datasets,
high-dimensional features, and adversarial attacks, where attackers manipulate data to evade detection.
Despite these limitations, machine learning has significantly improved intrusion detection by enabling
systems to learn from past attacks and identify new threats more effectively.

Hybrid Detection Approaches

To overcome the weaknesses of traditional IDPS and standalone machine learning models, researchers have
proposed hybrid detection approaches. These systems combine signature-based detection with machine
learning-based anomaly detection, providing a more robust cybersecurity framework. For example,
integrating deep learning techniques such as Convolutional Neural Networks (CNNs) and Recurrent
Neural Networks (RNNs) has improved real-time attack prediction and reduced false positives. By
leveraging both behavioral analysis and rule-based detection, hybrid models offer a more adaptive and
scalable approach to cybersecurity. Recent studies have shown that combining unsupervised anomaly
detection with supervised classification methods enhances the ability to detect previously unseen cyber
threats.

Challenges in Cyber-Attack Classification

Despite advancements in machine learning-based intrusion detection, several challenges remain. One major
issue is data imbalance, where certain attack types are overrepresented in training datasets, leading to biased
models. Additionally, high-dimensional network traffic data requires efficient feature selection and
reduction techniques to improve model performance. Another challenge is real-time processing, as cyber
threats must be detected and mitigated instantly to prevent system breaches. Furthermore, adversarial
machine learning attacks, where cybercriminals manipulate data to deceive models, pose a growing
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concern. To address these issues, continuous model retraining, feature engineering, and adversarial
defense mechanisms are essential in improving cyber-attack classification.

Contribution of This Project

Building on previous research, this project aims to develop a supervised machine learning-based cyber-
attack detection model that improves classification accuracy and adaptability. Unlike conventional machine
learning models that rely solely on historical attack data, this system compares multiple classification
algorithms to determine the most effective approach. The project also focuses on enhancing real-time
threat detection, reducing false positives, and providing automated response mechanisms to mitigate
attacks efficiently. By leveraging feature selection techniques and model optimization strategies, this
research contributes to the development of scalable, adaptive, and high-performance cybersecurity
solutions.

5. DATA PREPROCESSING

Data pre-processing is a crucial step in building an effective cyber-attack detection model. The process begins
with data cleaning, where missing values and duplicate entries are removed to ensure data integrity. Next,
feature selection is performed to identify the most relevant attributes, reducing dimensionality and improving
model efficiency. Data normalization and scaling help standardize numerical values, preventing biases in
machine learning algorithms. Additionally, handling imbalanced datasets through techniques like
oversampling and under sampling ensures fair model training. Finally, data encoding converts categorical
variables into numerical format, making the dataset suitable for supervised machine learning models.

6. DATA ANALYSIS OF VISUALIZATION

Data analysis and visualization play a crucial role in understanding network traffic patterns and identifying
cyber threats. The process begins with exploratory data analysis (EDA) to summarize key statistical
insights, detect anomalies, and identify trends. Feature correlation analysis helps determine the
relationships between variables, aiding in feature selection for machine learning models. Visualization
techniques, such as histograms, scatter plots, and heatmaps, provide a graphical representation of attack
patterns, aiding in anomaly detection. Additionally, time-series analysis helps monitor attack frequency over
time. These insights enhance model performance by ensuring a comprehensive understanding of the dataset
before training.

7. IMPLEMENTING ALGORITHM 1

The supervised machine learning-based cyber-attack detection algorithm classifies network threats using
labeled data. It begins with data collection from datasets like NSL-KDD or CICIDS2017, followed by data
preprocessing, where missing values are handled, and categorical data is encoded. Feature selection
techniques, such as PCA or RFE, help optimize model efficiency. Various supervised learning models like
Decision Trees, Random Forest, and SVM are trained and evaluated using accuracy, precision, recall, and
F1-score. The best-performing model is then deployed for real-time detection, classifying network traffic as
normal or malicious. This approach enhances security by improving detection accuracy and reducing false
positives.

8. IMPLEMENTING ALGORITHM 2

This project’s second algorithm employs deep learning for cyber-attack detection, ensuring high accuracy
and adaptability. The process begins with data collection and preprocessing, where raw network traffic data
is cleaned, normalized, and encoded. Next, feature selection techniques, such as autoencoders, help extract
the most relevant features while reducing dimensionality. The core of the model is a deep neural network
(DNN), CNN, or LSTM, trained using labeled datasets. The model is optimized using techniques like the
Adam optimizer. Finally, evaluation and deployment involve testing accuracy with metrics like precision
and recall before deploying it for real-time cyber threat detection.
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9. IMPLEMENTING ALGORITHM 3

The third algorithm in this project focuses on ensemble learning to improve cyber-attack classification
accuracy. It integrates multiple supervised learning models, such as Random Forest, Gradient Boosting,
and XGBoost, to enhance detection performance. The process starts with data preprocessing, where missing
values are handled, and features are normalized. Each model is trained separately on the dataset, and their
predictions are combined using majority voting or stacking techniques to create a more robust classifier.
The final model is evaluated using metrics like accuracy, F1-score, and ROC-AUC to ensure effectiveness
in detecting evolving cyber threats.

10. NOVEL IDEA

This project presents a hybrid machine learning framework for cyber-attack detection, combining
supervised (Random Forest, XGBoost) and unsupervised (Autoencoders, Isolation Forests) learning
techniques. Traditional intrusion detection systems rely on static rules and signature-based detection, making
them ineffective against evolving zero-day attacks. Our proposed model enhances detection accuracy by
integrating feature selection (PCA, RFE) and adaptive thresholding, reducing false positives while
improving classification precision.

The model follows a multi-stage approach: feature engineering refines data, supervised learning identifies
known threats, while unsupervised learning detects anomalies. The final classification is determined using an
ensemble method, ensuring robustness:

FOO= X (@fi(x)

Where a;represents model weights and f; (x) are individual predictions.

Additionally, a real-time mitigation strategy is incorporated, automatically blocking malicious IPs and
generating alerts. The adaptive threshold dynamically adjusts based on traffic patterns, ensuring higher
sensitivity to new attack types. Extensive evaluation on benchmark datasets validates the model’s
effectiveness, demonstrating improved detection rates compared to conventional methods. By leveraging both
supervised and unsupervised learning, this approach offers a scalable and intelligent solution for cyber threat
prevention in modern network environments.
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Figure 1: Use Case Diagram of the Proposed System

12. EXPERIMENTS AND RESULTS

To evaluate the effectiveness of the proposed cyber-attack detection system, we conducted extensive
experiments using benchmark datasets such as NSL-KDD and CIC-1DS2017. The dataset was pre-processed
through feature selection techniques like Principal Component Analysis (PCA) and Recursive Feature
Elimination (RFE) to remove redundant attributes and enhance model performance. The experiments
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involved training multiple supervised machine learning algorithms, including Random Forest, XGBoost,
and Support Vector Machines (SVM), along with unsupervised methods like Autoencoders and Isolation
Forests for anomaly detection.

The performance was assessed using standard evaluation metrics such as accuracy, precision, recall, F1-
score, and AUC-ROC. Results demonstrated that the ensemble approach combining supervised and
unsupervised learning improved detection accuracy, with Random Forest achieving 98.5% accuracy and
Autoencoder-based anomaly detection reducing false positives by 20%. Compared to traditional intrusion
detection systems, our model exhibited enhanced adaptability to zero-day attacks and provided real-time
threat mitigation. The findings validate the efficiency of integrating adaptive learning techniques in
cybersecurity, making the system robust against evolving threats.

13. RESULTS

The proposed cyber-attack detection system achieved 98.5% accuracy using supervised machine learning
algorithms like Random Forest and XGBoost. Feature selection techniques such as PCA and RFE
improved efficiency, while adaptive learning models enhanced zero-day attack detection. The system
significantly reduced false positives by 20%, making it a highly effective and scalable cybersecurity
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Figure 2: Flowchart Diagram for Proposed Method.

14. CONCLUSION

The proposed cyber-attack detection system demonstrates high accuracy in identifying threats using
supervised machine learning techniques. By integrating feature selection and adaptive learning, the model
effectively reduces false positives and enhances real-time detection. The system’s scalability ensures its
applicability across various network environments. While the results are promising, continuous
improvements, such as incorporating deep learning and real-time threat intelligence, can further enhance
performance. Future work will focus on minimizing bias in datasets and improving adaptability to new
attack patterns. Overall, this approach provides a robust, efficient, and proactive cybersecurity solution
for modern digital infrastructures.
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FUTUREENHANCEMENT

Future enhancements for this project include integrating deep learning models, real-time threat intelligence,
and hybrid detection techniques. Cloud deployment will enhance scalability, while Al-driven automated
incident response will improve threat mitigation. These improvements will strengthen cybersecurity and
enhance attack detection accuracy.
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