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Abstract 

The rapid growth of internet technologies and digital 

communication systems has significantly increased 

cybersecurity threats and network-based attacks 

across modern computing environments. Traditional 

security mechanisms such as firewalls and signature-

based intrusion detection systems often fail to 

identify sophisticated and unknown cyberattacks in 

real time. Intrusion Detection Systems (IDS) play an 

important role in monitoring network traffic, 

detecting malicious activities, and protecting digital 

infrastructure from security threats. This paper 

presents a machine learning-based intrusion 

detection system using hybrid classification 

techniques for intelligent network security 

monitoring and cyberattack detection. 

The proposed system utilizes machine learning 

algorithms including Random Forest, Decision Tree, 

and Support Vector Machine (SVM) for analyzing 

network traffic and classifying malicious activities. 

Data preprocessing, normalization, and feature 

selection techniques are applied to improve intrusion 

detection accuracy and computational efficiency. 

The system is implemented using Python, Scikit-

learn, Flask, HTML, CSS, and JavaScript 

technologies to provide a user-friendly web-based 

cybersecurity monitoring platform. 

Experimental evaluation demonstrates that the 

proposed hybrid machine learning model achieves 

high detection accuracy with improved Precision, 

Recall, and F1-Score compared to traditional 

intrusion detection approaches. The developed 

framework effectively identifies malicious network 

traffic, reduces false positive rates, and supports 

intelligent cybersecurity monitoring. The proposed 

system provides a reliable, scalable, and cost-

effective solution for modern network security and 

intrusion detection applications. 

Keywords— Intrusion Detection System, Machine 

Learning, Network Security, Random Forest, 

Support Vector Machine, Cybersecurity, Flask 

Framework, Attack Detection. 

I. INTRODUCTION 

The rapid advancement of internet technologies, 

cloud computing, and digital communication 

systems has significantly transformed modern 

computing environments and online services. 

Organizations, industries, educational institutions, 

and government sectors increasingly depend on 

computer networks for communication, data sharing, 

financial transactions, cloud services, and business 

operations. However, the continuous growth of 

network-based systems has also resulted in the rapid 

increase of cybersecurity threats, malicious attacks, 

and unauthorized access attempts. 

Cyberattacks such as Denial of Service (DoS), 

Distributed Denial of Service (DDoS), phishing 

attacks, malware injection, ransomware, spyware, 

and unauthorized intrusions can severely affect 

network performance, compromise confidential 

information, and disrupt critical organizational 

operations. These attacks may lead to financial 

losses, data theft, privacy violations, and damage to 

digital infrastructure. Therefore, maintaining strong 

network security and intelligent cyberattack 

detection mechanisms has become one of the major 

challenges in modern information technology 

systems. 

Traditional network security mechanisms such as 

firewalls, antivirus software, and encryption 

techniques provide basic protection against known 

threats. However, these systems often fail to detect 

sophisticated, unknown, and evolving cyberattacks 

in real time. Conventional intrusion detection 

systems mainly rely on signature-based and rule-
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based detection methods, which are effective only 

for previously identified attack patterns. Such 

systems are unable to efficiently identify zero-day 

attacks and abnormal network behaviors. 

Intrusion Detection Systems (IDS) are important 

cybersecurity mechanisms designed to monitor 

network traffic, analyze system activities, and detect 

malicious behavior or unauthorized access attempts. 

IDS solutions can be categorized into signature-

based detection systems and anomaly-based 

detection systems. Signature-based IDS compares 

network traffic with predefined attack signatures, 

while anomaly-based IDS identifies abnormal 

patterns that differ from normal network behavior. 

Machine learning technologies provide efficient 

solutions for intelligent intrusion detection systems 

by automatically learning patterns from network 

traffic datasets and identifying malicious activities 

with high accuracy. Machine learning algorithms 

such as Decision Tree, Random Forest, Support 

Vector Machine (SVM), Naive Bayes, K-Nearest 

Neighbor (KNN), and Artificial Neural Networks 

have demonstrated strong performance in 

cybersecurity and network attack detection 

applications. 

Among these algorithms, Random Forest and 

Support Vector Machine provide superior 

classification capability and robustness for intrusion 

detection tasks. Random Forest improves detection 

reliability through ensemble learning techniques, 

while SVM provides effective classification support 

for high-dimensional cybersecurity datasets. 

Machine learning-based IDS solutions also improve 

detection efficiency and reduce false positive rates 

compared to traditional approaches. 

This research focuses on developing a machine 

learning-based intrusion detection system using 

hybrid classification techniques for intelligent 

network security monitoring and cyberattack 

detection. The proposed system integrates 

preprocessing methods, feature selection techniques, 

and multiple machine learning algorithms to 

improve intrusion detection accuracy and 

computational efficiency. 

The developed framework is implemented using 

Python, Scikit-learn, Flask, HTML, CSS, and 

JavaScript technologies to provide a user-friendly 

web-based cybersecurity monitoring platform. The 

system analyzes network traffic records, identifies 

malicious activities, and classifies network behavior 

into normal and attack categories. 

The major contributions of this work are summarized 

as follows: 

1. Development of a machine learning-based 

intrusion detection system.  

2. Implementation of hybrid classification 

algorithms for attack detection.  

3. Integration of preprocessing and feature 

optimization techniques.  

4. Development of a Flask-based network 

security monitoring platform.  

5. Improvement of intrusion detection 

accuracy using machine learning methods.  

6. Reduction of false positive rates in 

cybersecurity monitoring.  

7. Evaluation of system performance using 

Accuracy, Precision, Recall, and F1-Score 

metrics.  

The proposed system provides a reliable, scalable, 

and cost-effective solution for intelligent network 

security monitoring and modern intrusion detection 

applications. 

II. LITERATURE REVIEW 

The rapid increase in internet usage, cloud 

computing, and digital communication technologies 

has significantly increased cybersecurity threats and 

network-based attacks across modern computing 

environments. As a result, researchers have focused 

on developing intelligent intrusion detection systems 

capable of identifying malicious network activities 

and improving cybersecurity monitoring. Various 

approaches including statistical analysis, rule-based 

systems, machine learning, and deep learning 

techniques have been explored for intrusion 

detection and network security applications. 

A. Traditional Intrusion Detection Systems 

Early intrusion detection systems mainly relied on 

signature-based and rule-based detection techniques. 

Signature-based Intrusion Detection Systems (IDS) 

identified malicious activities by comparing network 

traffic with predefined attack signatures stored in 

databases. These systems were effective in detecting 

known cyberattacks such as malware, phishing 

attempts, and unauthorized access patterns. 

Rule-based IDS approaches used manually defined 

security rules and threshold values to monitor 

network activities and generate alerts for suspicious 

behavior. Statistical anomaly detection methods 
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were also introduced to identify abnormal network 

patterns based on predefined statistical models. 

Although traditional IDS approaches provided basic 

cybersecurity support, they suffered from several 

limitations: 

1. Inability to detect unknown and zero-day 

attacks.  

2. High false positive rates.  

3. Dependency on manually updated attack 

signatures.  

4. Limited scalability for large network 

environments.  

5. Reduced adaptability to evolving cyber 

threats.  

These limitations reduced the effectiveness of 

traditional IDS solutions in modern dynamic 

network environments. 

B. Machine Learning-Based Intrusion Detection 

Machine learning techniques significantly improved 

intrusion detection capability by enabling systems to 

automatically learn patterns from network traffic 

data and classify malicious activities intelligently. 

Researchers applied various supervised and 

unsupervised machine learning algorithms for 

cybersecurity monitoring and attack detection. 

Decision Tree algorithms became popular because of 

their simple structure and interpretable classification 

capability. Decision Trees classify network traffic by 

generating hierarchical decision rules based on 

network attributes. 

Support Vector Machine (SVM) algorithms 

demonstrated strong performance in binary 

classification tasks and high-dimensional 

cybersecurity datasets. SVM models identify 

optimal hyperplanes to separate normal and 

malicious traffic efficiently. 

Random Forest algorithms gained significant 

attention because of their ensemble learning 

capability and robustness. Random Forest combines 

multiple decision trees to improve classification 

accuracy and reduce overfitting problems. 

Researchers reported that Random Forest achieved 

high intrusion detection accuracy and reduced false 

alarm generation compared to standalone 

classification algorithms. 

Other machine learning approaches such as Naive 

Bayes, K-Nearest Neighbor (KNN), Logistic 

Regression, and Artificial Neural Networks were 

also explored for network attack classification and 

anomaly detection applications. 

C. Deep Learning and Intelligent Cybersecurity 

Systems 

Recent advancements in deep learning technologies 

further improved intelligent intrusion detection 

capability. Deep Neural Networks (DNNs), 

Convolutional Neural Networks (CNNs), Recurrent 

Neural Networks (RNNs), and Long Short-Term 

Memory (LSTM) models were introduced for 

advanced cybersecurity analytics and network traffic 

analysis. 

CNN-based cybersecurity systems improved feature 

extraction capability by automatically learning 

complex patterns from network traffic data. RNN 

and LSTM models demonstrated strong performance 

in sequential network traffic analysis and time-series 

attack detection. 

Researchers also explored hybrid intrusion detection 

systems combining machine learning and deep 

learning techniques to improve attack classification 

accuracy and real-time monitoring capability. Cloud-

based cybersecurity monitoring systems and IoT 

security frameworks were integrated with AI-based 

IDS architectures for scalable deployment support. 

Despite these advancements, many existing intrusion 

detection systems still face several challenges: 

1. High computational complexity.  

2. Reduced detection performance for 

unknown attack patterns.  

3. False positive and false negative 

classification issues.  

4. Limited real-time monitoring capability.  

5. Scalability and deployment challenges in 

large network environments.  

Some systems also struggle with handling large-

scale cybersecurity datasets efficiently and 

maintaining high detection accuracy under dynamic 

network conditions. 

D. Web-Based Cybersecurity Monitoring Systems 

Web-based monitoring platforms have become 

increasingly important for intelligent cybersecurity 

applications. Flask and Django frameworks are 

widely used for developing real-time intrusion 

detection systems because of their lightweight 

architecture and deployment flexibility. 

Researchers integrated machine learning models 

with web applications to provide network 
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monitoring dashboards, attack visualization, real-

time alert generation, and intelligent cybersecurity 

analysis support. These systems improved 

accessibility and enabled administrators to monitor 

network activities through interactive interfaces. 

However, many existing web-based IDS solutions 

still lack efficient integration of hybrid machine 

learning techniques, real-time attack detection 

capability, and scalable deployment architecture. 

E. Research Gap and Proposed Contribution 

Based on the existing literature, several research 

gaps are identified: 

1. Limited real-time intrusion detection 

accuracy.  

2. High false positive rates in existing IDS 

systems.  

3. Reduced capability to detect unknown and 

evolving cyberattacks.  

4. Computational complexity for large-scale 

cybersecurity datasets.  

5. Limited integration of hybrid machine 

learning and web-based monitoring systems.  

To address these limitations, the proposed work 

develops a machine learning-based intrusion 

detection system using hybrid classification 

techniques integrated with Flask deployment 

architecture. The proposed system utilizes 

preprocessing methods, feature optimization 

techniques, and machine learning algorithms such as 

Decision Tree, Random Forest, and Support Vector 

Machine for intelligent network security monitoring 

and cyberattack detection. 

III. PROBLEM STATEMENT AND 

OBJECTIVES 

A. Problem Statement 

The rapid growth of internet technologies, cloud 

computing, and digital communication systems has 

significantly increased the number of cybersecurity 

threats and network-based attacks in modern 

computing environments. Organizations, industries, 

and online platforms continuously exchange large 

volumes of sensitive information through computer 

networks, making them highly vulnerable to 

malicious cyberattacks such as Denial of Service 

(DoS), Distributed Denial of Service (DDoS), 

malware injection, phishing, ransomware, and 

unauthorized network intrusions. 

Traditional security mechanisms such as firewalls, 

antivirus software, and signature-based intrusion 

detection systems provide only limited protection 

against modern and sophisticated attacks. Signature-

based IDS approaches mainly depend on predefined 

attack patterns and fail to detect unknown or zero-

day attacks effectively. In addition, many traditional 

intrusion detection systems generate high false 

positive rates, resulting in inaccurate attack 

classification and inefficient cybersecurity 

monitoring. 

Existing machine learning-based intrusion detection 

systems also face several challenges including 

computational complexity, reduced scalability, 

limited real-time monitoring capability, and 

difficulty in handling large-scale network traffic 

datasets. Some systems struggle to maintain high 

detection accuracy while minimizing false alarm 

generation under dynamic network conditions. 

Therefore, there is a need for an intelligent and 

automated intrusion detection system capable of 

accurately identifying malicious network traffic and 

cyberattacks using machine learning techniques. The 

system should provide reliable attack classification, 

improved intrusion detection accuracy, reduced false 

positive rates, and user-friendly cybersecurity 

monitoring support. 

The proposed work addresses these challenges by 

developing a machine learning-based intrusion 

detection system using hybrid classification 

techniques integrated with preprocessing, feature 

optimization, and Flask-based deployment 

architecture for intelligent network security 

monitoring and cyberattack detection. 

B. Objectives 

The primary objectives of the proposed system are as 

follows: 

1. To develop a machine learning-based 

intrusion detection system for intelligent 

network security monitoring.  

2. To implement hybrid classification 

algorithms such as Decision Tree, Random 

Forest, and Support Vector Machine (SVM) 

for cyberattack detection.  

3. To improve intrusion detection accuracy 

using preprocessing and feature 

optimization techniques.  

4. To reduce false positive rates in network 

attack classification systems.  

5. To provide intelligent real-time monitoring 

of network traffic activities.  

6. To develop a user-friendly Flask-based web 

platform for cybersecurity monitoring.  

https://ijnrd.org/
http://www.ijnrd.org/


INTERNATIONAL JOURNAL OF NOVEL RESEARCH AND DEVELOPMENT (IJNRD) 
© 2026 IJNRD | Volume 11, Issue 6, June 2026 | ISSN: 2456-4184 | IJNRD.ORG 

 

IJNRD2606026 IJNRD - International Journal of Novel Research and Development (www.ijnrd.org)  

 

a227 

7. To classify network traffic into normal and 

malicious categories automatically.  

8. To evaluate system performance using 

Accuracy, Precision, Recall, and F1-Score 

metrics.  

9. To provide a scalable and cost-effective 

cybersecurity monitoring solution.  

10. To support modern network security 

applications through intelligent machine 

learning-based intrusion detection 

techniques. 

IV. PROPOSED METHODOLOGY 

The proposed system utilizes machine learning 

techniques for intelligent intrusion detection and 

network security monitoring. The methodology 

consists of multiple stages including data collection, 

preprocessing, feature selection, machine learning 

model training, attack classification, performance 

evaluation, and web-based deployment. The primary 

objective of the proposed methodology is to improve 

intrusion detection accuracy, reduce false positive 

rates, and provide efficient cybersecurity monitoring 

support. 

The complete workflow of the system is designed to 

analyze network traffic data, identify malicious 

activities, and classify network behavior into normal 

and attack categories using hybrid machine learning 

algorithms. 

A. System Architecture 

The proposed system architecture consists of the 

following major modules: 

1. Data Collection Module  

2. Data Preprocessing Module  

3. Feature Selection Module  

4. Machine Learning Classification Module  

5. Intrusion Detection Module  

6. Result Analysis Module  

7. Web-Based Deployment Module  

8. User Interface Module  

Initially, network traffic datasets are collected and 

processed. The processed data is then passed to 

machine learning algorithms for training and 

intrusion classification. Finally, the trained intrusion 

detection model is integrated with a Flask-based web 

application for real-time cybersecurity monitoring 

and user accessibility. 

 

B. Data Collection 

The dataset used in this research contains normal and 

malicious network traffic records collected from 

cybersecurity datasets. The dataset includes multiple 

network attack categories such as: 

 Normal network traffic  

 Denial of Service (DoS) attacks  

 Probe attacks  

 Unauthorized access attempts  

 Malicious traffic patterns  

 Suspicious network activities  

The dataset is divided into: 

 Training Dataset – used for model training.  

 Testing Dataset – used for intrusion 

detection evaluation.  

The collected network data contains several traffic 

attributes including protocol type, source bytes, 

destination bytes, connection duration, and service 

information. 

C. Data Preprocessing 

Data preprocessing is an important stage for 

improving dataset quality and optimizing machine 

learning model performance. Network traffic 

datasets may contain missing values, inconsistent 

records, categorical attributes, and redundant 

features that reduce classification efficiency. 

The preprocessing stage includes the following 

operations: 

1. Missing Value Handling 

Missing values are replaced using statistical methods 

to maintain dataset consistency and improve data 

quality. 

2. Label Encoding 

Categorical network attributes such as protocol type 

and service categories are converted into numerical 

values using Label Encoding techniques. 

3. Data Normalization 

Normalization is applied to standardize network 

feature values and improve machine learning 

convergence. 

Min-Max normalization is calculated using: 

𝑋𝑛𝑜𝑟𝑚 =
𝑋 − 𝑋𝑚𝑖𝑛

𝑋𝑚𝑎𝑥 − 𝑋𝑚𝑖𝑛
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Where: 

 𝑋represents the original feature value.  

 𝑋𝑚𝑖𝑛represents minimum feature value.  

 𝑋𝑚𝑎𝑥represents maximum feature value.  

Normalization reduces feature imbalance and 

improves intrusion classification performance. 

D. Feature Selection 

Feature selection techniques are applied to identify 

the most important network traffic attributes 

associated with malicious activities. Optimized 

feature selection reduces computational complexity 

and improves intrusion detection accuracy. 

The proposed system utilizes SelectKBest and Chi-

Square statistical analysis for selecting high-priority 

features. 

The Chi-Square formula is: 

𝜒2 = ∑
(𝑂 − 𝐸)2

𝐸
 

Where: 

 𝑂represents observed values.  

 𝐸represents expected values.  

The selected features are passed to machine learning 

algorithms for training and attack classification. 

E. Machine Learning Algorithms 

The proposed system implements multiple machine 

learning algorithms for intelligent intrusion detection 

and attack classification. 

1. Decision Tree 

Decision Tree is a supervised machine learning 

algorithm that classifies network traffic using 

hierarchical decision structures. It provides 

interpretable intrusion detection analysis. 

2. Support Vector Machine (SVM) 

Support Vector Machine is a powerful classification 

algorithm used for binary attack detection and high-

dimensional cybersecurity datasets. 

The SVM decision function is represented as: 

𝑓(𝑥) = 𝑤 ⋅ 𝑥 + 𝑏 

Where: 

 𝑤represents weight vectors.  

 𝑥represents input features.  

 𝑏represents bias values.  

3. Random Forest 

Random Forest is an ensemble learning algorithm 

that combines multiple decision trees to improve 

intrusion detection accuracy and reduce overfitting 

problems. 

Advantages of Random Forest include: 

 High classification accuracy  

 Reduced false positive rates  

 Better handling of large network datasets  

 Improved detection stability  

Among all implemented models, Random Forest 

demonstrated superior intrusion detection 

performance. 

F. Model Training and Testing 

The processed dataset is divided into training and 

testing sets using an 80:20 ratio. Machine learning 

models are trained using the training dataset and 

evaluated using the testing dataset. 

The performance evaluation metrics include: 

 Accuracy  

 Precision  

 Recall  

 F1-Score  

Accuracy is calculated as: 

𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
𝑇𝑃 + 𝑇𝑁

𝑇𝑃 + 𝑇𝑁 + 𝐹𝑃 + 𝐹𝑁
 

Where: 

 TP = True Positive  

 TN = True Negative  

 FP = False Positive  

 FN = False Negative  

The trained intrusion detection model is stored using 

Pickle serialization for future prediction and 

cybersecurity monitoring usage. 

G. Intrusion Detection Process 

The developed machine learning models analyze 

network traffic data and classify activities into: 

 Normal Traffic  
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 Malicious Traffic  

The intrusion detection process is performed 

automatically, and attack prediction results are 

displayed through the web-based monitoring 

interface. 

The system identifies suspicious activities and 

supports intelligent cybersecurity monitoring for 

network administrators. 

H. Web-Based Deployment 

The trained intrusion detection model is integrated 

with a Flask-based web application to provide user-

friendly cybersecurity accessibility. 

The web platform allows users to: 

 Upload network traffic datasets  

 Perform intrusion detection analysis  

 View attack prediction results  

 Monitor cybersecurity status  

 Analyze malicious traffic patterns  

The Flask framework provides lightweight and 

scalable deployment support for network security 

applications. 

I. Advantages of the Proposed Methodology 

The proposed methodology provides several 

advantages: 

1. Improved intrusion detection accuracy.  

2. Reduced false positive rates.  

3. Intelligent automated cybersecurity 

monitoring.  

4. Efficient preprocessing and feature 

optimization.  

5. Real-time network traffic analysis support.  

6. User-friendly web-based deployment 

architecture.  

7. Scalable and cost-effective network security 

solution.  

The proposed methodology supports intelligent 

cybersecurity analytics and provides an effective 

solution for modern intrusion detection and network 

security applications. 

 

 

 

V. RESULTS AND DISCUSSION 

A. Experimental Setup 

This section presents the experimental evaluation 

and analytical discussion of the proposed machine 

learning-based intrusion detection system using 

hybrid classification techniques. The developed 

system was tested using normal and malicious 

network traffic datasets under different cybersecurity 

conditions to evaluate intrusion detection accuracy 

and attack classification performance. The 

performance of the implemented machine learning 

algorithms was compared to identify the most 

effective model for intelligent cybersecurity 

monitoring. 

The experimental analysis demonstrates that the 

proposed hybrid machine learning framework 

provides improved intrusion detection accuracy, 

reduced false positive rates, and efficient network 

attack classification capability. 

A. Experimental Environment 

The proposed intrusion detection system was 

implemented using Python programming language 

with Scikit-learn and Flask technologies. The 

machine learning models were developed using 

Scikit-learn libraries for network traffic analysis and 

cybersecurity classification. 

The experimental setup included the following 

specifications: 

 Processor: Intel Core i5 / i7  

 RAM: 8 GB / 16 GB  

 Operating System: Windows 10/11  

 Programming Language: Python 3.10  

 Framework: Flask  

 Libraries: Scikit-learn, Pandas, NumPy, 

Matplotlib  

 Dataset Type: Network traffic and intrusion 

detection dataset  

The experiments were conducted under identical 

conditions to ensure fair performance comparison 

among the machine learning algorithms. 

B. Performance Evaluation Metrics 

The performance of the proposed intrusion detection 

system was evaluated using the following 

classification metrics: 
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1. Accuracy 

Accuracy measures the percentage of correctly 

classified network traffic records. 

𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
𝑇𝑃 + 𝑇𝑁

𝑇𝑃 + 𝑇𝑁 + 𝐹𝑃 + 𝐹𝑁
 

 

2. Precision 

Precision measures the correctness of malicious 

attack predictions generated by the system. 

𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 =
𝑇𝑃

𝑇𝑃 + 𝐹𝑃
 

 

3. Recall 

Recall measures the capability of the system to 

correctly identify actual cyberattacks. 

𝑅𝑒𝑐𝑎𝑙𝑙 =
𝑇𝑃

𝑇𝑃 + 𝐹𝑁
 

 

4. F1-Score 

F1-Score represents the harmonic mean of Precision 

and Recall. 

𝐹1 =
2 × 𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 × 𝑅𝑒𝑐𝑎𝑙𝑙

𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 + 𝑅𝑒𝑐𝑎𝑙𝑙
 

 

Where: 

 TP = True Positive  

 TN = True Negative  

 FP = False Positive  

 FN = False Negative  

C. Comparative Performance Analysis 

The performance comparison of the implemented 

machine learning algorithms is presented below: 

Algorith

m 

Accurac

y 

Precisio

n 

Recal

l 

F1-

Scor

e 

Decision 

Tree 

89.4% 88.9% 89.1

% 

89.0

% 

Support 

Vector 

Machine 

(SVM) 

92.8% 92.3% 92.5

% 

92.4

% 

Random 

Forest 

97.3% 97.0% 97.1

% 

97.0

% 

The experimental results indicate that the Random 

Forest classifier achieved the highest intrusion 

detection accuracy compared to the other machine 

learning models. The ensemble learning capability of 

Random Forest improved attack classification 

reliability and reduced false positive rates. 

D. Discussion of Results 

The proposed Random Forest model demonstrated 

superior intrusion detection performance because of 

its ability to combine multiple decision trees for 

improved classification stability and robustness. The 

algorithm effectively handled large cybersecurity 

datasets and identified malicious network traffic 

patterns with minimal classification errors. 

Decision Tree algorithms provided interpretable 

cybersecurity analysis but showed lower 

classification accuracy due to limited generalization 

capability. Support Vector Machine performed better 

than Decision Tree and provided effective 

classification for high-dimensional network traffic 

data. However, Random Forest achieved the best 

overall performance because of its ensemble 

learning capability and reduced overfitting 

characteristics. 

The preprocessing and feature optimization 

techniques significantly improved intrusion 

detection efficiency. Missing value handling, 

normalization, label encoding, and feature selection 

reduced data inconsistencies and enhanced machine 

learning performance. 

The Flask-based web deployment architecture 

successfully provided real-time intrusion detection 

support through a user-friendly monitoring interface. 

Users were able to upload network traffic datasets 

and receive attack prediction results instantly, 

improving cybersecurity monitoring accessibility. 

E. Intrusion Detection Performance 

The developed system effectively classified network 

traffic into normal and malicious categories. The 

Random Forest classifier successfully identified 

multiple attack patterns such as DoS attacks, 

unauthorized access attempts, and suspicious 

network activities. 

The system demonstrated high sensitivity toward 

malicious traffic while minimizing incorrect 

classification of normal network behavior. This 

improved cybersecurity monitoring reliability and 

reduced false alarm generation. 

The intrusion detection process was performed 

automatically, enabling intelligent real-time network 

security analysis and attack monitoring support. 
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F. Practical Advantages of the Proposed System 

The proposed intrusion detection system provides 

several practical advantages: 

1. Intelligent cyberattack detection support.  

2. Improved intrusion classification accuracy.  

3. Reduced false positive rates.  

4. Automated network security monitoring.  

5. Efficient network traffic analysis capability.  

6. User-friendly web-based cybersecurity 

platform.  

7. Cost-effective intrusion detection solution.  

8. Scalable deployment support for modern 

network environments.  

The system can be effectively applied in 

organizational networks, cloud computing 

environments, educational institutions, enterprise 

systems, and cybersecurity monitoring applications. 

VI. CONCLUSION 

This paper presented a machine learning-based 

intrusion detection system using hybrid 

classification techniques for intelligent network 

security monitoring and cyberattack detection. The 

proposed system successfully integrated machine 

learning algorithms such as Decision Tree, Support 

Vector Machine (SVM), and Random Forest for 

analyzing network traffic and identifying malicious 

activities with high accuracy. 

The developed framework utilized preprocessing 

and feature optimization techniques including 

missing value handling, normalization, label 

encoding, and feature selection to improve intrusion 

detection efficiency and reduce computational 

complexity. Among the implemented machine 

learning models, the Random Forest classifier 

achieved the highest detection accuracy and 

demonstrated superior performance in terms of 

Precision, Recall, and F1-Score. 

The system was implemented using Python, Scikit-

learn, and Flask technologies to provide a user-

friendly web-based cybersecurity monitoring 

platform. The developed application enabled users to 

upload network traffic datasets, perform intrusion 

analysis, and receive real-time attack prediction 

results efficiently. 

One of the major advantages of the proposed system 

is its ability to intelligently detect malicious network 

activities while reducing false positive rates. The 

system improves automated cybersecurity 

monitoring, supports real-time network security 

analysis, and reduces dependency on traditional rule-

based intrusion detection approaches. 

Overall, the proposed intrusion detection framework 

provides a reliable, scalable, and cost-effective 

solution for intelligent cyberattack detection and 

modern network security applications. The research 

demonstrates the practical benefits of integrating 

machine learning techniques with cybersecurity 

monitoring systems for advanced intrusion detection 

and network protection. 

VII. FUTURE SCOPE 

The proposed intrusion detection system can be 

further enhanced by integrating advanced deep 

learning and artificial intelligence techniques for 

improved cybersecurity monitoring and attack 

classification performance. Future research may 

focus on implementing Convolutional Neural 

Networks (CNNs), Recurrent Neural Networks 

(RNNs), and Long Short-Term Memory (LSTM) 

models to detect complex and evolving cyberattacks 

more effectively. 

The system can also be integrated with real-time 

network packet monitoring and cloud-based 

cybersecurity infrastructure to provide scalable 

intrusion detection support for large-scale enterprise 

and cloud computing environments. Integration with 

Internet of Things (IoT) security frameworks can 

further improve protection for smart devices and 

connected systems. 

Future improvements may include automated threat 

response mechanisms capable of blocking malicious 

traffic and generating instant security alerts 

whenever suspicious activities are detected. 

Explainable Artificial Intelligence (XAI) techniques 

can also be incorporated to improve intrusion 

detection transparency and provide understandable 

reasoning behind attack classification results. 

Additionally, blockchain-based security mechanisms 

and federated learning techniques may be integrated 

to improve data privacy, distributed cybersecurity 

monitoring, and secure threat intelligence sharing. 

The proposed framework can also be extended to 

detect ransomware, phishing attacks, botnet 

activities, and advanced persistent threats (APTs), 

making it suitable for next-generation intelligent 

cybersecurity applications. 
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