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Abstract:

The rapid rise in sophisticated cyber-attacks has made traditional rule-driven network security mechanisms
insufficient for modern digital environments. This project proposes an intelligent, machine learning—based
threat detection system that automates network security analysis and provides rapid identification of malicious
activities. The system leverages advanced preprocessing techniques, including feature scaling, categorical
encoding, and noise reduction, to transform raw network traffic into structured, high-quality inputs for model
training. Multiple machine learning algorithms are evaluated—such as Random Forest, Support Vector
Machines, and Gradient Boosting—to determine the most effective model based on accuracy, precision, recall,
and false-positive rate. The final optimized model is deployed as an automated threat detection engine capable
of distinguishing legitimate traffic from potential intrusions with high reliability.

To enhance real-world applicability, the system incorporates threat logging, user friendly interfaces, and
modular design for easy integration with network monitoring tools. Additionally, the model’s adaptability
allows continuous learning from new attack patterns, improving resilience against evolving cyber threats. This
work not only demonstrates the effectiveness of ML-based intrusion detection but also provides a scalable
foundation for future extensions, such as real-time packet analysis, deep learning—based anomaly detection, and
cloud ready deployment. Overall, the proposed system serves as a robust, intelligent, and practical solution for
strengthening network security in dynamic and high risk digital environments.
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I. Introduction

This project focuses on developing a Network Security Analysis and Threat Detection System to analyze
network traffic and identify possible security threats. In today’s digital environment, computer networks are
widety used i orgarnizations, making thenT vuinerabte toattacks suchas unauthorizedaccess, portscarming,
and malicious traffic. The proposed system uses network traffic datasets and Python-based tools to study packet
behavior and detect abnormal activities. The collected data is processed and analyzed to identify suspicious
patterns related to security threats. A simple dashboard is developed using Streamlit to display traffic details,
detected threats, and reports in an understandable format. This system helps in improving network visibility and
supports basic security monitoring by providing clear insights into network behavior.

II. PROBLEM STATEMENT

In recent years, computer networks have become an essential part of organizations, educational institutions, and
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online services. With the increase in internet usage and digital communication, network security threats have
also grown significantly.

Attacks such as unauthorized access, port scanning, denial-of-service attacks, and malicious traffic can affect
the performance, reliability, and safety of network systems. These threats may lead to data loss, system failure,
and security breaches if not detected at an early stage.

Traditional network security systems mainly rely on rule-based or signature-based detection methods. These
systems are effective only for identifying known attacks but often fail to detect new or unknown threats.
Additionally, many existing security tools are complex and require technical expertise, making them difficult to
use for beginners or academic purposes.

In many cases, real-time monitoring and proper visualization of network data are not available, which reduces
the ability to quickly understand and respond to threats.

I1l. OBJECTIVES

1. To study network security concepts and common network threats.
2. To collect and analyze network traffic datasets.

3. To preprocess network data for security analysis.

4. To detect abnormal and suspicious network activities.

5. To perform basic port scanning on target IP addresses.

6. To generate threat reports based on detected activities.

7. To visualize network traffic and threats using a dashboard.

8. To develop a simple and user-friendly interface using Streamlit.

9. To improve understanding of network behavior and security risks.

IV. Literature review

Network security has seen significant advancements in recent years with the integration of machine learning
and artificial intelligence techniques. Traditional intrusion detection systems relied on rule-based and signature-
based approaches, which were effective only for known threats. However, these methods faced limitations in
detecting unknown attacks, handling large-scale network data, and adapting to evolving cyber threats. As a
result, researchers have increasingly focused on machine learning-based approaches to improve threat detection
accuracy and efficiency.

Several recent studies have explored the application of supervised machine learning algorithms for network
intrusion detection. For instance, Shone et al. (2021) [1] analyzed deep learning-based intrusion detection
systems and demonstrated that models such as deep autoencoders can effectively learn complex patterns in
network traffic, improving detection rates while reducing false positives. Similarly, Kumar and Sharma
(2022) [2] evaluated

multiple classification algorithms, including Random Forest, Support Vector Machines, and Decision Trees,
and concluded that ensemble methods provide higher accuracy and better generalization for intrusion detection
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task

In addition to supervised learning, unsupervised and semi-supervised approaches have gained attention for
detecting unknown and zero-day attacks. Ahmad et al. (2021) [3] proposed an anomaly-based detection model
using clustering techniques to identify unusual patterns in network traffic without relying on labeled data. This
approach proved effective in identifying previously unseen threats but required careful tuning to reduce false
alarms. Zhang et al. (2023) [4] further improved anomaly detection by integrating clustering with deep learning
techniques, enabling more accurate detection of complex attack patterns.

V. Proposed System

The proposed system presents a modern, intelligent, and user-friendly solution for real-time network security
analysis and threat detection by leveraging the capabilities of machine learning (ML). Unlike traditional
security mechanisms such as firewalls and signature-based Intrusion Detection Systems (IDS), which primarily
rely on predefined rules and known attack patterns, the proposed system is designed to detect both known and
unknown threats dynamically. This ensures a more adaptive and proactive approach to cybersecurity, capable of
responding to evolving attack vectors in real time.

At the core of the system is a web-based application that provides an intuitive and accessible interface for users
with varying levels of technical expertise. The platform enables users to monitor network traffic in real time,
offering continuous visibility into network activities. Through the interface, users can select different types of
threat analysis based on their requirements, including anomaly detection, malware detection, and Internet of
Things (IoT) device monitoring. This flexibility allows the system to be applicable across diverse environments
such as enterprise networks, smart homes, and cloud infrastructures.

The system also includes advanced alerting and reporting mechanisms. When suspicious or malicious activity is
detected, users are immediately notified through detailed alerts that include information about the nature,
source, and severity of the threat. Additionally, the platform provides comprehensive reports and data
visualizations, enabling users to interpret complex network patterns easily. Graphical representations such as
charts and trend lines help in identifying recurring threats, unusual traffic spikes, and long-term behavioral
patterns within the network.

A key feature of the proposed system is its cloud-based architecture. Machine learning models are deployed on
cloud infrastructure, where they process and analyze network traffic data in real time. This approach eliminates
the need for high-performance local hardware, making the system cost-effective and scalable. Organizations
and individual users can deploy the system using standard computing devices while benefiting from powerful
cloud computing resources. Furthermore, cloud deployment allows for seamless updates and continuous
improvement of ML models without interrupting system functionality.

The system is also designed with a strong emphasis on usability, responsiveness, and accessibility. The web
interface is optimized to function smoothly across multiple devices, including desktops, tablets, and
smartphones. Users can efficiently navigate through the dashboard, filter alerts, export data for further analysis,
and compare historical trends. This ensures that users can quickly understand the security status of their network
and take timely action against potential threats.

VI. METHODOLOGY

The methodology of the proposed system explains the step-by-step process used to analyze network traffic and
detect security threats using machine learning techniques. The system is designed in a structured manner,
starting from data collection to final result visualization.

The first step in the methodology is data collection. Network traffic data is collected in the form of datasets
such as CSV or Excel files. These datasets contain information about network packets, including source IP
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address, destination IP address, protocol type, packet size, and other related features. This data is used as input
for further analysis.

The next step is data preprocessing. The collected data may contain missing values, irrelevant information, or
categorical features that need to be converted into numerical form. In this stage, data cleaning is performed by
removing unwanted data and handling missing values. Categorical data is encoded, and numerical features are
scaled to improve the performance of the machine learning model. This step ensures that the dataset is suitable
for training and analysis.

After preprocessing, the system performs feature selection and extraction. Important features that contribute to
identifying network behavior are selected. This helps in reducing complexity and improving the efficiency of
the model. Only relevant features are used for training the machine learning algorithm.

The next step is model training and threat detection. A machine learning algorithm, such as Random Forest, is
used to train the model using the processed dataset. The model learns patterns from the data and classifies
network traffic as normal or malicious. Once the model is trained, it is used to predict and detect potential
threats in the network traffic data.

In addition to threat detection, the system includes a port scanning module. This module allows the user to input
a target IP address and scan for open ports. The system checks the availability of specified ports and identifies
potential vulnerabilities in the network.

VII. SYSTEM DESIGN
System Architecture

The Block Diagram illustrates the high-level architecture of the Network Security Analysis system. Data flows
through clearly separated layers for collection, feature processing, ML-based detection, and user interaction.

Layers:

*

Data Collection Layer: Ingests raw network packets or logs
*  Processing Layer: Extracts and preprocesses features
*  Detection Layer: Applies trained machine learning models for classification

*  Visualization & Alerting Layer: Dashboards and notification services for security teams Purpose:
*  |llustrates top-down system design

*  Highlights logical dependencies

*  Acts as a blueprint for deployment and scaling (see the generated image above)
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Data Flow Diagram

The system flow diagram of the Machine Learning-Based Network Security Analysis for Threat Detection
System illustrates the step-by-step process involved in detecting cyber threats using intelligent techniques. The
system is designed in a sequential manner, where each stage performs a specific function and passes the
processed data to the next stage, ensuring efficient and accurate threat detection.

The process begins with the User Interface, which acts as the entry point of the system. It allows users to
interact with the application by uploading network datasets, initiating model training, and viewing the results.
The interface is designed to be simple and user-friendly so that even non-technical users can operate the system
easily.

Once the data is provided, it moves to the Data Collection stage. In this phase, network traffic data is gathered
either from real-time sources or from standard datasets. This data contains important information such as packet
details, communication patterns, and protocol types, which are essential for analyzing network behavior.

The collected data is then passed to the Data Preprocessing stage. This is a crucial step where raw data is
cleaned and prepared for analysis. It includes handling missing values, removing duplicate entries, and
normalizing data to ensure consistency. Proper preprocessing improves the accuracy of the machine learning
model and reduces errors during prediction.

After preprocessing, the system performs Feature Selection, where the most relevant attributes are extracted
from the dataset. Since network data may contain a large number of features, selecting only the important ones
helps in reducing complexity and improving model performance. This step ensures that the system focuses on
meaningful patterns that contribute to threat detection.

The processed data is then fed into the Machine Learning Model, which is the core component of the system. In
this stage, algorithms such as Decision Tree, Random Forest, Support Vector Machine (SVM), and Neural
Networks are used for training and testing. The model learns from historical data and identifies patterns
associated with both normal and malicious activities. Once trained, the model can accurately classify new
incoming data.

Next, the system moves to the Threat Detection stage. Here, the trained model analyzes incoming network
traffic and determines whether it is normal or malicious. If any suspicious activity is detected, the system
classifies it as a potential attack and triggers alerts. This enables quick identification and response to cyber
threats.
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Finally, the output is presented in two forms: Analysis Results and Alert Notifications. The analysis results
include performance metrics such as accuracy, precision, and reports, which help in evaluating the effectiveness
of the model. The alert notifications inform users about detected threats in real time, allowing them to take
necessary actions.

System Flow of ML-Based Network Security Analysis
for Threat Detection

User Interface

v

Data Collection
Network Traffic / Datasets

+

Data Preprocessing
Cleaning & Normalization

‘

Feature Selection
Key Attribute Extraction

Machine Learning Model

Training & Testing
Decision Tree | Random Forest | SVM

| Neural Network

Threat Detection
Attack Classification & Alerts

v v

Ch

Analysis Results Alert Notifications
Accuracy & Reports Detected Threats

ER-Diagram

MLModel
model id
algorithm type
version
version

FeatureSet RawPacketData Prediction
byte distribution 1 timestapn N _| prediction id
e iy
Hmetiiterinls palyload actior-taken
B
—— User
makes Prediction id user-id
feeds threat-score 2 ‘:;elre""‘"“e
analamly-type
action-taken

I.  Description:

This ER diagram models the relationships between main data entities in the network security system. It supports
clear, structured, and scalable database management.
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Entities:

1. RawPacketData — Attributes: Packet_ID, Timestamp, Raw_Payload

2. [FeatureSet — Attributes: Feature_ID, Packet_ID (FK), Protocol, SrclP, DstIP, PacketSize, Timestamp

3. Prediction — Attributes: Prediction_ID, Feature_ID (FK), Timestamp, Predicted_Label, Model_ID (FK)

>

MLModel — Attributes: Model_ID, Model_Type, Training_Date, Version
5. User — Attributes: User_ID, Username, Role

Relationships:

e RawPacketData — FeatureSet (1-to-1)

e MLModel — Prediction (1-to-Many)

o  User — Prediction (Many-to-Many via AnalystAction table)
Purpose:

«  Ensures robust and extensible data storage
o Supports future extensibility for new models, traffic types, or alerting mechanisms

o Lays the foundation for integrating with modern relational database backends

VIII. IMPLEMENTATION

A. Development Environment

The system is implemented using Python 3.x as the main programming language. Various libraries such as
Pandas, NumPy, and Scikit-learn are used for data processing and machine learning operations. For
visualization, Matplotlib is used, and the web interface is developed using Streamlit for easy interaction.

B. Data Collection and Preprocessing Module
The system uses network traffic datasets stored in CSV or Excel format. These datasets contain information
such as source IP, destination IP, protocol type, packet size, and other related features.

Data preprocessing is performed to prepare the dataset for machine learning. This includes handling missing
values, removing unnecessary data, encoding categorical features into numerical form, and scaling the data using
standard techniques. This step ensures that the dataset is clean and suitable for training the model.

C. Feature Selection Module

In this module, important features related to network behavior are selected from the dataset. Feature selection
helps in reducing data complexity and improves the performance of the machine learning model. Only relevant
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attributes such as protocol type, packet size, and connection details are used for analysis.

D. Machine Learning Threat Detection Module

The core of the system is the machine learning model used for threat detection. A classification algorithm such
as Random Forest is used to train the model using the processed dataset.

The trained model analyzes network traffic and classifies it as normal or malicious. The system evaluates the
model using performance metrics such as accuracy, precision, and recall. The trained model is saved and later
used for prediction on new data.

E. Port Scanning Module

The system includes a port scanning module that allows users to check open ports of a target IP address. The
user enters the IP address and port numbers, and the system scans the specified ports to identify which ports are
open.

This module helps in identifying potential vulnerabilities in the network and supports basic security analysis.

F. Visualization and User Interface

A user-friendly interface is developed using Streamlit. The system provides different sections such as
Dashboard, Packet Analysis, Port Scanner, and Threat Reports.

The dashboard displays network traffic summary and detected threats. Charts and tables are used to present data
in a clear and understandable format. Users can upload datasets, analyze packets, and view results easily
through the interface.

G. Threat Logging and Reporting Module

The system maintains a log of detected threats. Each detected threat is recorded with details such as time, type
of attack, and source IP address. These logs help in monitoring network activity and analyzing past incidents.

H. Results and Discussion

The system is tested using sample network datasets containing normal and malicious traffic. The machine
learning model successfully identifies suspicious activities and classifies them accurately.

The results show that the system can detect threats effectively and provide useful insights into network
behavior. The dashboard displays real-time analysis results, including packet statistics and threat reports. The
system performs efficiently on standard hardware and provides a simple and practical solution for network
security analysis.

IX. RESULTS AND DISCUSSION

Testing, The Machine Learning Model, Particularly The Random Forest Classifier, Showed Good Performance
In Detecting Threats. The Model Was Trained Using Preprocessed Data, And The Results Indicated High
Accuracy In Classifying Network Traffic Into Normal And Malicious Categories. The System Was Also Able
To Reduce False Detections To A Certain Level, Improving The Reliability Of The Results.

The Packet Analysis Module Allowed Users To Upload Network Data And View Detailed Information About
Each Packet. This Helped In Understanding The Behavior Of The Network And Identifying Unusual Patterns.
The Port Scanning Module Successfully Detected Open Ports For Given Ip Addresses And Highlighted Possible
Vulnerabilities, Which Can Be Useful For Basic Network Security Assessment.
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The Streamlit-Based Dashboard Provided A Clear Visualization Of The Results. It Displayed Important
Information Such As Total Packets Captured, Number Of Detected Threats, And Protocol-Wise Traffic
Distribution. Graphs And Tables Made It Easier For Users To Interpret The Data And Understand Network
Conditions Without Requiring Deep Technical Knowledge.

The System Also Maintained Logs Of Detected Threats, Including Details Such As Time, Type Of Attack, And
Source Ip Address. This Feature Helps In Tracking Past Incidents And Analyzing Security Trends Over Time.

Overall, The Results Show That The Proposed System Is Effective In Analyzing Network Traffic And
Detecting Potential Threats. The Combination Of Machine Learning Techniques And A User-Friendly Interface
Makes The System Suitable For Academic Purposes And Basic Network Security Applications. However, The
System Currently Works Mainly On Dataset-Based Analysis, And Further Improvements Can Be Made To
Support Real-Time Detection And Handle Larger Network Environments.

X. Advantages

The proposed system provides a simple and effective way to analyze network traffic and detect possible
security threats. It uses machine learning techniques to improve the accuracy of threat detection compared to
traditional methods. The system is easy to use due to its user-friendly interface developed using Streamlit, which
allows even non-technical users to understand the results. It also provides clear visualization through charts and
tables, making it easier to monitor network activity. The inclusion of features such as packet analysis, port
scanning, and threat reporting makes the system useful for basic network security analysis. Additionally, the
system is cost-effective as it uses open-source tools and does not require specialized hardware.

XI. Limitations

The system has some limitations. It mainly works with pre-collected datasets and does not fully support real-
time network traffic analysis. The accuracy of the system depends on the quality and size of the dataset used for
training. If the dataset is limited, the model may not detect all types of attacks. The system currently uses basic
machine learning algorithms and may not handle highly complex or advanced cyber-attacks effectively. It is also
designed for small-scale or academic use and may not be suitable for large enterprise-level networks without
further improvements.

XII. Future Scope

In the future, the system can be enhanced by adding real-time network traffic monitoring to detect threats
instantly. Advanced machine learning and deep learning algorithms can be implemented to improve detection
accuracy and handle complex attack patterns. The system can be extended to support large-scale networks and
integrate with cloud platforms for better performance and scalability. Additional features such as automatic
alert notifications, intrusion prevention mechanisms, and advanced data visualization can also be added. These
improvements will make the system more powerful and suitable for real-world applications.

X1v. Conclusion

The Network Security Analysis based on Machine Learning-Based Threat Detection System provides an
effective solution for analyzing network traffic and identifying potential security threats. By using machine
learning techniques, the system improves the ability to detect abnormal activities and enhances network
monitoring. The user-friendly interface makes it easy to use and understand the results. Overall, the system
demonstrates how modern technologies can be applied to improve network security and provides a strong
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foundation for further development and enhancement.
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