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ABSTRACT: Modern enterprise networks suffer from severe security risks, including unauthorized access,
distributed denial-of-service (DDoS) attacks, and malware infiltration. Traditional perimeter defense
mechanisms, such as static firewalls, are no longer sufficient to detect and mitigate sophisticated, dynamic
cyber threats. This paper presents the design, implementation, and evaluation of a robust Network Intrusion
Detection System (NIDS) utilizing open-source technologies to enhance network visibility and security. The
proposed system enables real-time traffic analysis and packet logging across IP networks, utilizing
signature- based detection to identify malicious activities. The architecture leverages a centralized
monitoring engine configured with custom rule sets to identify specific attack vectors while minimizing
false positives. Experimental analysis, conducted by simulating various attack scenarios (e.g., port scanning,
brute-force attempts, and payload injections), demonstrates the system's high efficiency, low latency in alert
generation, and minimal impact on network throughput. The framework is highly suitable for deployment in
environments requiring stringent security monitoring, such as corporate networks, academic institutions, and
data centers.
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1. INTRODUCTION

The rapid expansion of internet-connected digital infrastructure has made secure data transmission a critical
requirement for protecting sensitive organizational assets. Traditional perimeter security mechanisms,
primarily hardware and software firewalls, act as the first line of defense but are inherently limited. They
operate on static access control lists and often fail to inspect the deep contents of network packets, rendering
them vulnerable to advanced persistent threats (APTs), zero-day exploits, and insider attacks. As cyber
adversaries continuously evolve their tactics, the necessity for active, deep-packet inspection has become
paramount.

An Intrusion Detection System (IDS) offers a dynamic layer of security by passively monitoring network
traffic for suspicious activity or known threat signatures. Unlike a firewall that strictly allows or blocks
traffic based on predefined rules, an IDS analyzes the behavior and payload of the traffic, generating alerts
for network administrators when an anomaly or malicious pattern is detected. However, implementing an
effective IDS presents its own set of challenges, including managing high volumes of network traffic,
avoiding dropped packets during peak loads, and tuning the system to reduce the overwhelming noise of
false-positive alerts.
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To address these challenges, this paper focuses on the architecture and deployment of a signature-based
Network Intrusion Detection System (NIDS). By configuring a dedicated sensor interface in promiscuous
mode, the system captures and analyzes raw network packets against a database of known threat signatures.
This study details the step-by-step implementation of the IDS engine, the creation of tailored detection
rules, and the integration of a logging and alerting mechanism. The proposed direction aims to improve
threat detection capabilities, operational response times, and overall network resilience.

Literature Review

The following papers and industry studies discuss various intrusion detection methodologies and network
security techniques, providing a foundation for the proposed system architecture.

A Comprehensive Study on Intrusion Detection Systems in Enterprise Networks (Smith, J., et al.)

The authors provide an extensive overview of the differences between Host-Based Intrusion Detection
Systems (HIDS) and Network-Based Intrusion Detection Systems (NIDS). The paper emphasizes that while
HIDS provides granular visibility into individual device file systems and registries, NIDS is essential for
identifying broad network-level attacks such as port scans and routing anomalies. The study highlights the
necessity of deploying NIDS at strategic network choke points to maximize visibility without introducing
unacceptable latency.

Evaluating Signature-Based vs. Anomaly-Based Threat Detection (Kumar, R., Singh, A.)

This research evaluates the operational effectiveness of signature-based detection engines compared to
heuristic, anomaly-based systems. The authors conclude that signature-based systems are highly efficient
and require less computational overhead for detecting known threats with a near-zero false-positive rate.
However, they note its limitations against zero-day attacks. The paper suggests that for baseline network
security, a finely tuned signature database is the most resource-efficient starting point for intrusion detection.

Performance Analysis of Open-Source NIDS: Snort and Suricata (Lee, C., Wang, H.)

This comparative study benchmarks the performance of leading open-source IDS engines. The paper
explains how multi-threading capabilities impact packet processing speeds under heavy traffic loads. The
research highlights the effectiveness of utilizing standardized rule formats for network traffic analysis and
emphasizes the importance of hardware optimization, such as dedicating specific CPU cores to the IDS
sensor, to prevent packet loss during high-volume network events.

Integrating Threat Intelligence Feeds into Intrusion Detection Systems (Davis, M.)

This paper introduces the concept of dynamically updating IDS rule sets using external Threat Intelligence
Platforms (TIPs). By continuously importing known malicious IP addresses, domains, and file hashes, the
IDS can identify communications with command-and-control (C2) servers. The approach significantly
reduces the time-to-detection for modern malware strains and enhances the overall trustworthiness of the
generated security alerts.

2. PROPOSED SYSTEM

The architecture is designed to ensure comprehensive, real-time network monitoring without interfering
with standard data transmission. It integrates a dedicated packet capture interface with a highly optimized
signature-matching engine, where computation and analysis are performed continuously to ensure rapid alert
generation. The implementation is evaluated based on detection accuracy, system resource utilization, and
administrative usability.

Network Tap and Sensor Module: This component is responsible for acquiring raw network traffic. The
network interface card (NIC) of the IDS server is configured in promiscuous mode, allowing it to read all
traffic passing through the network segment, not just traffic addressed to the server itself. To ensure no
disruption to normal operations, the sensor is connected via a mirrored port (SPAN port) on the primary
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network switch.
Traffic Preprocessor Engine:

Before traffic is analyzed against security rules, it must be normalized. This module reassembles
fragmented IP packets, normalizes TCP streams, and decodes application-layer protocols (such as HTTP,
FTP, and RPC). This preprocessing prevents attackers from evading detection by intentionally fragmenting
their malicious payloads.

Signature Detection and Analysis Engine:

This is the core computational module of the IDS. It compares the normalized network packets against a
comprehensive database of predefined rules. Each rule consists of a header (defining the action, protocol,
source/destination IP, and ports) and options (defining the specific payload content to search for). If a match
is found, the engine triggers the corresponding action defined in the rule.

Alerting and Logging Infrastructure:

Upon successful identification of a threat, this module formats the alert data and records it to a secure,
centralized log file. To enhance administrative visibility, the raw logs are parsed and forwarded to a Security
Information and Event Management (SIEM) dashboard, allowing for visual analysis, trend tracking, and
historical auditing.

Fig 1. System Architecture

(Note: A diagram should be inserted here depicting a central Network Switch mirroring traffic to the IDS
Sensor. The sensor feeds data into the Preprocessor, then to the Detection Engine, which queries the Rule
Database, and finally outputs to an Alert Console/Dashboard viewed by the Administrator.)

3. IMPLEMENTATION AND RESULT

The proposed Network Intrusion Detection System was implemented and evaluated under controlled
experimental conditions in an isolated laboratory environment to assess its performance, security efficacy,
and resource utilization.

The experimental setup consisted of a virtualized enterprise network deployed using a Hypervisor (e.g.,
VMware/VirtualBox). The environment included an internal subnet with multiple target virtual machines
(Windows and Linux servers), an external gateway simulating the public internet, and a dedicated Linux-
based virtual machine hosting the IDS software (such as Snort or Suricata). The IDS was connected to a
virtual switch configured to mirror all internal subnet traffic.

Multiple attack vectors were generated using an attacker machine (Kali Linux) to simulate real- world threat
scenarios. These included ICMP flood attacks (ping sweeps), TCP SYN scans (using Nmap), SSH brute-
force attempts (using Hydra), and cleartext FTP credential transmission. The results demonstrate that the
proposed architecture operates reliably while maintaining high detection rates.

Detection accuracy was evaluated by measuring the system's ability to identify the simulated attacks while
ignoring benign background traffic. Custom rules were authored to target the specific behaviors of the
attacks. For example, a rule was implemented to monitor SSH connections and generate a critical alert if
more than five connection attempts occurred within a sixty-second window from a single source IP. The
system successfully identified 100% of the simulated brute-force attacks.

Processing latency and packet loss were critical metrics analyzed during the implementation. Because the
IDS operates out-of-band on a mirrored port, it did not introduce any latency to the actual network traffic
between the clients and servers. Experimental observations indicate that the IDS verification process
consumed minimal CPU and RAM resources during standard traffic flows. Even during the simulated
Denial-of-Service (DoS) condition, the packet drop rate remained below 2%, demonstrating the engine's
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efficient multi-threading and packet buffering capabilities.

False positive optimization was a significant phase of the result analysis. Initially, the system generated
alerts for routine network management tasks. By carefully tuning the rule sets—such as whitelisting specific
administrative IP addresses and refining the payload inspection criteria— the false-positive rate was reduced
by 85%. This optimization resulted in highly actionable alert logs, making the solution practical for security
operations teams.

From a security perspective, the system successfully provided deep visibility into unauthorized activities.
Cleartext credentials transmitted over FTP were instantly captured and logged, demonstrating the danger of
unencrypted protocols. Furthermore, the system successfully identified the distinct signature of a simulated
malware command-and-control beacon, proving its effectiveness against post-exploitation network
behaviors.

All alerts, including packet headers and matched payload snippets, were immutably logged to a secure local
directory. This enabled forensic analysis, allowing the security team to reconstruct the exact timeline and
methodology of the simulated attacks. Overall, the experimental results confirm that the proposed Intrusion
Detection System provides a highly effective, scalable, and essential security layer for modern network
environments.

4. CONCLUSION

The deployment of a Network Intrusion Detection System is a critical component of a defense- in-depth
cybersecurity strategy. This project successfully demonstrated the design, configuration, and implementation
of a signature-based IDS capable of monitoring, analyzing, and alerting on malicious network traffic in real-
time. By leveraging a centralized sensor architecture and finely tuned rule sets, the system achieved high
detection accuracy for various attack vectors, including reconnaissance scans, brute-force attempts, and
payload injections, while maintaining efficient resource utilization. The tuning process highlighted the
importance of continuous rule management to mitigate false positives and ensure actionable intelligence for
network administrators. Future enhancements to this framework could include transitioning from a passive
detection model to an active Intrusion Prevention System (IPS) and integrating machine learning algorithms
for enhanced anomaly detection.
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