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Abstract— In an era characterized by escalating cyber threats, the
imperative for robust Intrusion Detection Systems (IDS) has
become undeniable. This paper introduces the "Cyber Network
Sentinel," a Network Intrusion Detection System (NIDS) designed
to vigilantly monitor network traffic for anomalies and promptly
alert administrators to potential threats. By leveraging tools like
nmap, Wireshark, Burp Suite, Metasploit, Aircrack-ng, and
Sparrow WiFi, the NIDS offers a comprehensive defense against
unauthorized access attempts and suspicious activities.
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. INTRODUCTION

Today's digital environment is linked, making computer
network security critical. The escalating sophistication of cyber
threats and attacks mandates the creation and implementation of
resilient Intrusion Detection Systems (IDS) in order to protect
confidential data and vital infrastructure. The notion of a
Network Intrusion Detection System (NIDS) is presented in this
research paper along with an examination of its importance in
detecting and thwarting possible cyber attacks. The "Cyber
Network Sentinel” is intended to be more than simply a standard
intrusion detection system at its foundation. It is ready to
become an intelligent and dynamic watchdog that continuously
and assiduously keeps an eye on network traffic. By ingeniously
harnessing the capabilities of state-of-the-art tools such as nmap,
Wireshark, Burp Suite, Metasploit, Aircrack-ng, and Sparrow
WiFi, the NIDS transcends traditional detection methods,
unveiling a realm of possibilities in threat identification and
mitigation.

The research's ambit spans several crucial facets, ensuring a
holistic approach to network security enhancement. The initial
phase centers on an exhaustive analysis of network traffic
monitoring prerequisites and the architecture of threat detection
mechanisms. This groundwork serves as the bedrock upon
which the entire system is built, optimizing its efficiency and
precision.
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The subsequent stride involves the intricate implementation
of the "Cyber Network Sentinel," which is underpinned by a
multi-tier architecture. This structural approach not only
enhances computational efficiency but also fosters pinpoint
accuracy in discerning intrusion attempts. The fusion of
disparate tools into a cohesive entity engenders an
unprecedented synergy that enables the NIDS to transcend its
predecessors.

Integral to the project is the development of a sophisticated
alert system that serves as the sentinel's voice. This system is
meticulously crafted to instantaneously notify administrators
upon detecting potential threats. Real-time notifications
facilitate swift and precise countermeasures, considerably
truncating incident response times.

No research of this magnitude is complete without rigorous
validation. To this end, the "Cyber Network Sentinel" is
subjected to comprehensive testing, wherein both synthetic and
real-world datasets are employed. This dual-pronged approach
ensures not only the efficacy of the NIDS but also its reliability
in the face of the diverse array of threats that assail modern
networks.

When contextualized within the broader framework of
cybersecurity, the implications of the "Cyber Network Sentinel"
are profound. It transcends the role of a mere tool, evolving into
a proactive partner in fortifying network security. By identifying
potential vulnerabilities and thwarting intrusion attempts, the
NIDS not only safeguards digital assets but also augments an
organization's capacity to anticipate and neutralize threats.

In extrapolating the proposal, it is evident that the "Cyber
Network Sentinel™ is poised to emerge as a vanguard of network
security. However, its evolution extends beyond this preliminary
outline. In subsequent developmental phases, meticulous
attention will be directed towards fine-tuning the methodology,
delineating a comprehensive timeline, and devising strategies to
surmount potential challenges.

In summation, the proposed "Cyber Network Sentinel"
transcends the conventional boundaries of intrusion detection
systems. It amalgamates cutting-edge tools with a visionary
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multi-tier architecture to usher in a new era of network security.
By harnessing the power of real-time threat detection and timely
incident response, it promises to recalibrate the existing
paradigm and establish new standards in network defense.

1.1 Background

In the digital age, organizations rely heavily on computer
networks to conduct their day-to-day operations. These
networks are vulnerable to a wide range of threats, from
malware and phishing assaults to more sophisticated infiltration
efforts by hackers. As a result, there is an urgent need for
sophisticated security systems capable of detecting and
responding to these attacks.

1.2 Purpose of the Study

This research aims to design and implement a Network
Intrusion Detection System (NIDS) capable of monitoring
network traffic for suspicious activities, such as unauthorized
access attempts and potential cyber threats. The proposed NIDS
will utilize a combination of open-source tools and techniques,
including Nmap, Wireshark, Burp Suite, Metasploit, Aircrack-
ng, and Sparrow WiFi, to comprehensively analyze network
traffic and identify anomalies that may signify potential security
breaches.

The primary objective of this research is to design and
implement an advanced Network Intrusion Detection System
(NIDS) that not only monitors network traffic for conventional
suspicious activities but also incorporates machine learning and
artificial intelligence to enhance its ability to detect evolving
cyber threats. The proposed NIDS will leverage a combination
of open-source tools, including Nmap, Wireshark, Burp Suite,
Metasploit, Aircrack-ng, and Sparrow WiFi, alongside cutting-
edge machine learning algorithms.

Key Components and Techniques
1. Packet Analysis and Network Scanning:

- Utilize Nmap for efficient network scanning to identify
active hosts and services.

- Leverage Wireshark for in-depth packet analysis, capturing
real-time data for subsequent analysis.

2. Vulnerability Detection:

- Integrate Burp Suite to identify potential vulnerabilities in
web applications and services.

- Employ Metasploit for penetration testing, simulating real-
world attack scenarios.

3. Wireless Network Monitoring:

- Use Aircrack-ng for monitoring and assessing the security of
wireless networks.

- Sparrow WiFi can provide additional capabilities for wireless
network reconnaissance and analysis.

4. Machine Learning Integration:

- Implement machine learning algorithms to analyze network
patterns and identify anomalies.

- Train the system on historical data to improve its ability to
distinguish between normal and malicious network behavior.

5. Artificial Intelligence for Threat Detection;

- Integrate artificial intelligence techniques for dynamic and
adaptive threat detection.

- Use Al to correlate information from various sources and
identify complex attack patterns.

6. Real-time Monitoring and Response:

- Implement a real-time monitoring system that can alert
security personnel or automatically respond to identified threats.

- Utilize Al to optimize response strategies based on the
severity and nature of the detected threats.

Data Collection and Privacy Considerations

- Clearly define the data sources, ensuring compliance with
privacy and security regulations.

- Develop anonymization techniques to protect sensitive
information while maintaining the effectiveness of the NIDS.

Evaluation and Performance Metrics

- Establish clear metrics for evaluating the effectiveness of the
NIDS, considering factors such as detection accuracy, false
positives, and response time.

- Conduct thorough testing using simulated and real-world
scenarios to validate the system's capabilities.

Il. LITERATURE SURVEY

A. Existing Systems

1.1 There are a variety of existing NIDS systems available, both
commercial and open source. Some of the most popular NIDS
systems include:

Snort: Snort is a free and open source NIDS that is widely
used by organizations of all sizes. It is capable of detecting a
wide range of attacks, including signature-based, anomaly-
based, and protocol analysis-based attacks.

Suricata: Suricata is a fork of Snort that offers a number of
performance and functionality enhancements. It is also capable
of detecting a wide range of attacks, including signature-based,
anomaly-based, and protocol analysis-based attacks.

Bro: Bro is a network traffic analysis-focused free and open
source network intrusion detection system. Numerous types of
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attacks, such as those based on anomalies, signatures, and
protocol analysis, can be found using it.

Zeek: Zeek is a fork of Bro that offers a number of
performance and functionality enhancements. It is also capable
of detecting a wide range of attacks, including signature-based,
anomaly-based, and protocol analysis-based attacks.

1.1.1 Network Intrusion Detection System Using Artificial
Immune System (AIS) by Suliman et al. (2018)

This study suggests an artificial immune system (AIS)-based
intrusion detection system. A computer model known as AIS
was influenced by the biological immune system. The
suggested system looks for unusual patterns in network traffic
using AlS to find intrusions.

1.1.2 Review on anomaly based network intrusion detection
system by Samrin and Vasumathi (2017)

An overview of anomaly-based network intrusion detection
systems (NIDS) is given in this study. Network traffic that
deviates from a typical baseline is identified by anomaly-based
network intrusion detection systems (NIDS). The various
anomaly-based NIDS types are covered in the study along with
their benefits and drawbacks.

1.1.3 A Comparative Study on Various Intrusion Detection
Techniques Using Machine Learning and Neural Network by
Bhatia et al. (2020)

This research uses machine learning and neural networks to
assess the efficacy of several intrusion detection systems. The
study concludes that neural network- and machine learning-
based intrusion detection methods perform better than
conventional rule-based methods.

1.1.4 A Multi-Agent Model for Network Intrusion Detection by
OUIAZZANE et al. (2019)

In this study, a multi-agent model for network intrusion
detection is proposed. Several agents work together in the
suggested paradigm to identify intrusions. The agents detect
unusual patterns in network traffic using machine learning.

1.1.5 Analysis and Design for Intrusion Detection System
Based on Data Mining by Zhao et al. (2010)

In this research, a data-mining-based intrusion detection
system is analysed and designed. The suggested method
extracts patterns from network traffic data by using data mining
techniques. Then, intrusions are detected using these patterns.

1.1.6 A new vision for intrusion detection system in
information systems by Lounis and Malika (2015)

In this research, a novel approach to intrusion detection
systems (IDS) in information systems is presented. The
utilisation of big data, cloud computing, and artificial
intelligence (Al) and machine learning (ML) are the three main
pillars of the suggested vision.

1.1.7 Using Artificial Immune System on Implementation of
Intrusion Detection Systems by EshghiShargh (2009)

The artificial immune system (AIS) is the foundation for the
intrusion detection system that this study suggests. Utilising
aberrant patterns in network traffic, the suggested method use
AIS to find intrusions.

Overall, these papers present a variety of approaches to
intrusion detection, including anomaly-based detection,
machine learning-based detection, and agent-based detection.
The papers also highlight the importance of using artificial
intelligence and big data in intrusion detection.

B. Proposed System

The suggested NIDS system would be a hybrid that blends
anomaly- and signature-based detection methods. A database of
recognised attack signatures will be used by the signature-based
detection component to identify known assaults. The machine
learning component of the anomaly-based detection system will
create a model of typical network traffic. Any traffic that
doesn't follow this pattern will be reported as suspicious.

The proposed system will use a variety of tools to collect and
analyze network traffic, including:

a. Nmap: Nmap will be used to scan the network and identify
hosts and services.

b. Wireshark: Wireshark will be used to capture and analyze
network traffic.

¢. Burp Suite: Burp Suite will be used to scan web applications
for vulnerabilities.

d. Metasploit: Metasploit will be used to simulate attacks
against the network and systems.

The proposed system will generate alerts when potential threats
are detected. These alerts can be sent to security personnel via
email, SMS, or other notification channels.

This research aims to design an advanced Network Intrusion
Detection System (NIDS) that integrates both signature-based
and anomaly-based detection methods. The hybrid system will
leverage a database of recognized attack signatures for known
threats, while the machine learning component will create a
model of typical network traffic behavior to identify anomalies.
The proposed system will utilize open-source tools, including
Nmap, Wireshark, Burp Suite, and Metasploit, for
comprehensive network traffic analysis.

Components and Techniques
1. Signature-Based Detection Component:

- Utilize a comprehensive database of known attack
signatures to identify and block recognized threats promptly.
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- Regularly update the signature database to stay current with
emerging threats.

2. Anomaly-Based Detection Component with Machine
Learning:

- Implement machine learning algorithms to create a model of
normal network behavior.

- Train the system on historical data to enhance its ability to
identify deviations from the established baseline.

- Use unsupervised learning techniques to detect novel and
previously unseen threats.

3. Network Traffic Analysis Tools:

- Nmap: Employ Nmap for network scanning to identify hosts
and services, providing valuable input to both detection
components.

- Wireshark: Capture and analyze network traffic in real-time,
providing granular insights into communication patterns and
potential anomalies.

- Burp Suite: Scan web applications for vulnerabilities,
ensuring comprehensive coverage for potential attack vectors.

- Metasploit: Simulate attacks to validate the system's ability
to detect and respond to real-world threats.

Machine Learning and Al Integration:

4. Training and Model Optimization:

- Continuously train the machine learning model using both
historical and real-time data to adapt to evolving network
patterns.

- Employ reinforcement learning techniques to improve the
system's detection accuracy over time.

5. Dynamic Threat Correlation:

- Implement artificial intelligence algorithms for dynamic
threat correlation, analyzing patterns across different types of
attacks to identify sophisticated, multi-vector threats.

6. Adaptive Response Mechanism:

- Utilize Al-driven decision-making for adaptive response
strategies, allowing the NIDS to automatically adjust its
response based on the severity and nature of detected threats.

Real-time Alerting and Notification:

7. Alert Generation and Multi-Channel Notification:

- Generate alerts when potential threats are detected,
including details on the type and severity of the threat.

- Implement a flexible notification system that can alert
security personnel via email, SMS, or other channels for rapid
response.

Evaluation and Performance Metrics:

- Establish comprehensive metrics for evaluating the
effectiveness of each detection component.

- Conduct rigorous testing in both controlled and real-world
environments to validate the system's ability to detect and
respond to a wide range of cyber threats.

Privacy and Ethical Considerations:

- Prioritize privacy by anonymizing sensitive data during
analysis to ensure compliance with legal and ethical standards.

- Consider the ethical implications of automated response
mechanisms and implement safeguards to prevent unintended
consequences.

C. Challenges

One of the biggest challenges in designing and implementing a
NIDS is to achieve a balance between accuracy and
performance. NIDS systems need to be able to detect a wide
range of attacks, but they also need to be able to do so without
generating too many false positives.

Another challenge is to keep the NIDS system up to date with
the latest attack signatures. Attackers are constantly developing
new attack methods, so NIDS systems need to be updated
regularly to detect these new attacks.

D. Future Trends

One of the most promising future trends in intrusion detection
is the use of artificial intelligence (Al). Al-powered NIDS
systems can learn to recognize new and unknown attacks,
which can help to improve the overall security of networks.

Another future trend is the use of cloud-based NIDS systems.
Cloud-based NIDS systems can be deployed and managed more
easily than traditional on-premises NIDS systems. They can
also scale more easily to meet the needs of large networks.

In summary, the review of the literature indicates the necessity
of a blockchain-based electronic voting system that is
transparent and safe. While challenges exist, the proposed
system aims to address these issues and align with future trends
in the field of electronic voting.

Conclusion

Intrusion detection systems are an essential part of any network
security strategy. By monitoring network traffic for suspicious
activities, NIDS systems can help to detect and prevent attacks.

The proposed NIDS system is a hybrid system that combines
signature-based and anomaly-based detection techniques. It
uses a variety of tools to collect and analyze network traffic,
and it generates alerts when potential threats are detected.
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The future of intrusion detection is promising, with advances in
Al and cloud computing making NIDS systems more effective [4] OUIAZZANE, S., ADDOU, M., & BARRAMOU, F. (2019). A

and easier to deploy and manage. Multi-Agent Model for Network Intrusion Detection. 2019 1st
International Conference on Smart Systems and Data Science (
ICSSD).
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