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Abstract—This research paper introduces a sophisticated net-
work scanning tool designed to enhance cybersecurity measures
by integrating advanced techniques in operating system (OS)
detection, service scanning, and intrusion detection system (IDS)
/ intrusion prevention system (IPS) detection. The tool aims
to provide a comprehensive approach to network security as-
sessment, offering robust capabilities for identifying potential
vulnerabilities and mitigating security risks . The OS detection
module employs a combination of fingerprinting techniques
and heuristics to accurately identify the underlying operating
systems of networked devices. This information is crucial for
understanding the network environment, enabling administrators
to implement targeted security measures . The tool incorporates
a sophisticated IDS/IPS detection mechanism to identify and
evaluate the effectiveness of intrusion detection and prevention
systems in place. This feature is vital for assessing the net-
work’s resilience against potential threats and ensuring that the
deployed security mechanisms are robust and up-to-date. The
research paper details the methodology behind each scanning
module, highlighting the innovation and integration of cutting-
edge technologies. Additionally, practical use cases and real-world
scenarios are presented to demonstrate the tool’s effectiveness in
identifying and addressing security concerns in diverse network
environments.

Index Terms—Network security, Network scanning tool, Cy-
bersecurity, Operating system detection, Vulnerability assess-
ment, Real-world scenarios.

I. INTRODUCTION

In the dynamic landscape of cybersecurity, the develop-
ment of a robust networking scanning tool is imperative for
identifying vulnerabilities and securing networked systems.
This paper introduces a comprehensive network scanning tool
that incorporates advanced features, including Operating Sys-
tem (OS) detection, Service Scanning and Version Detection,
and Exploring Intrusion Detection and Prevention Systems
(IDS/IPS) detection. Leveraging the potential integration of
the Boost C++ library and Windows API networking features,
the tool aims to provide a versatile and powerful solution for
network security assessments. The tool employs innovative
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OS detection techniques to accurately identify the underlying
operating systems of devices within a network. Utilizing a
combination of fingerprinting methods and heuristics, this
module enhances the precision of OS identification, enabling
cybersecurity professionals to tailor security measures to the
specific characteristics of each system. This tool goes beyond
basic service scanning by incorporating advanced methods to
identify active services and their respective versions.

II. PROBLEM STATEMENT

The need for effective Vulnerability Assessment (VA) and
Penetration Testing (Pen Testing) tools is paramount. Organi-
zations face an increasing number of cyber threats that exploit
vulnerabilities in their network infrastructure, applications, and
services. To address this challenge, a comprehensive network
scanning tool is proposed, focusing on OS detection, Service
Scanning and Version Detection, and IDS/IPS detection, with
potential integration of the Boost C++ library and Windows
API networking features. Vulnerability Assessment is a critical
component of proactive cybersecurity, involving the identi-
fication and evaluation of potential weaknesses within an
information system. The proposed network scanning tool aims
to facilitate this process by precisely detecting the underly-
ing operating systems of networked devices and identifying
specific services along with their versions. This informa-
tion enables cybersecurity professionals to conduct thorough
vulnerability assessments, pinpointing potential entry points
for attackers and allowing for targeted remediation efforts.
Within the domain of network security, there is a critical
imperative to ensure the effective detection and mitigation of
vulnerabilities within network infrastructure. While network
scanning tools are extensively utilized for this purpose, there
exists a persistent requirement to enhance their efficiency, ac-
curacy, and adaptability in response to the continually evolving
landscape of security threats. This research aims to address this
pressing need by thoroughly examining the existing panorama



of network scanning tools, carefully analyzing their inherent
constraints, and proposing innovative strategies to enhance
their effectiveness in identifying vulnerabilities and strength-
ening the overall network security framework.

III. LITERATURE REVIEW

In the realm of cybersecurity, the development and uti-
lization of network scanning tools play a pivotal role in
identifying vulnerabilities and securing digital infrastructures.
The following review outlines key studies and advancements
in the field to provide context for the current research on
our network scanning tool. Early works by Anderson (1998)
and Smith (2000) laid the foundation for network scanning,
focusing on basic port scanning techniques. Over time, the
landscape evolved, as highlighted by Jones et al. (2005), incor-
porating more sophisticated methodologies for comprehensive
vulnerability assessment.

A. Enhancing Network Security Through Context-Aware Vul-
nerability Scanning

This Paper Presents a novel architecture aimed at en-
hancing enterprise security applications by providing detailed
information on network states and changes. The architecture
achieves this by converting data from various sources such as
infrastructure devices, network services, and passive probes
into a standardized format stored in a network state database.
Furthermore, the paper introduces CANVuS, a context-aware
vulnerability scanning system that utilizes this architecture.
CANVuS is designed to initiate scanning operations based on
detected changes in network activities, allowing for a more
proactive approach to vulnerability management. To validate
the effectiveness of the proposed architecture and CANVuS
system, experimental evaluation was conducted in a college
level academic network.™

B. Port Scan Detection

In summary, the identification of port scans is essential
for upholding the security and reliability of computer net-
works. Researchers and practitioners have devised a range of
techniques, leveraging the analysis of network traffic patterns
and advanced algorithms, to detect and counteract port scan
activities.!!

C. The Application of ICMP protocol in network scanning

In conclusion, the ICMP protocol, while primarily designed
for diagnostic and control purposes in IP networks, has been
extensively utilized in network scanning due to its lightweight
nature and widespread support across different operating sys-
tems. This research paper has highlighted various ICMP-
based scanning techniques, including ICMP Echo Request
(Ping) scans, ICMP Timestamp and Address Mask scans,
and ICMP Router Advertisement scans, among others. These
techniques have been shown to provide valuable information
about network topology, device availability, and potential
vulnerabilities. However, the use of ICMP in network scanning
also raises concerns about security and privacy, as attackers

can abuse ICMP packets to perform reconnaissance and launch
attacks.®!

D. Network forensic system for port scanning attack.

In conclusion, the development of a network forensic system
specifically tailored for detecting and mitigating port scanning
attacks is crucial for enhancing the security posture of modern
networks. This research paper has presented a comprehensive
overview of port scanning techniques, their impact on network
security, and the design and implementation of a network
forensic system capable of detecting and analyzing port scan-
ning activities.!

E. A Method for Detecting Network Scanning Based on TCP
Flow State)

This paper introduces the NSCDFS (Network Scanning
Detection algorithm based on Flow State) algorithm, designed
to accurately detect network scanning attacks. The algorithm
categorizes flow states into six stages, setting the state based on
the flag value of the flow’s package. By analyzing the number
of flow states from the same source IP address, the algorithm
can detect both traditional scanning and distributed scanning.
Experimental results demonstrate that the algorithm performs
effectively in high-speed networks.[!

F. Comparing Intrusion Detection Systems (IDS) and Intru-
sion Prevention Systems (IPS)

Exploring Intrusion Detection Systems (IDS) operate out of
band, which means they are not directly in the network path.
They can only generate alerts when they detect anomalous
traffic, which can sometimes result in false positives or false
negatives. IDS is designed to detect malicious activities but
does not take direct action against them.[®!

G. Intrusion/Prevention and Intrusion detection system For
Wi-fi Networks

De-authentication of an attacker is possible and successful
by using IDPS when the attacks are done by ICMP flooding.!”!

H. Recent Research Journal in Mathematics, Computer Sci-
ence, and Information Technology

The integration of cutting-edge methodologies discussed
in the research journal has empowered us to create a thor-
ough and effective network scanning tool. Utilizing C++ pro-
gramming and integrating novel strategies inspired by recent
research discoveries, our tool strives to provide improved
precision and dependability in pinpointing vulnerabilities and
safeguarding networked environments. We believe that the
insights gleaned from this research journal will substantially
enhance our project’s capabilities and play a significant role in
advancing cybersecurity practices within the realm of network
security.!8!



L. Intrusion Detection Using Network Monitoring Tools

This paper focuses on the significance of network mon-
itoring using software tools for protecting communication
networks. It discusses various types of network attacks and
emphasizes the importance of network security in today’s
organizations. Despite the implementation of measures such as
firewalls, VPNs, and encryption techniques, network intrusion
remains a concern.”!

J. A Survey On Intrusion Detection System

This thorough examination of Intrusion Detection Systems
(IDS) provides valuable insights into the domain of network
security. Understanding the various methodologies and strate-
gies employed in IDS offers essential guidance for our project
in developing network scanning tools using C++. By integrat-
ing these insights, our goal is to enhance the performance
and reliability of our tools, ultimately contributing to the
improvement of network security.[1?!

K. Quantitative Assessment of Vulnerability Scanning

This paper examines the effectiveness of automated vulner-
ability scanners in identifying security vulnerabilities within a
network. The results indicate that while vulnerability scanners
are valuable tools, they are most effective when user creden-
tials are accessible for the network hosts.!'!]

L. Advanced Network Scanning

With the rise of increasingly sophisticated cyber attacks, the
swift mitigation of network vulnerabilities is critical. Unde-
tected vulnerabilities pose a serious security risk to enterprise
systems, potentially exposing vital corporate data to hackers.
For organizations, this could result in prolonged system down-
times and significant losses in revenue and productivity.[?!

M. An Examination of Software-Defined Networking

This survey extensively examines Software-Defined Net-
working (SDN) and its influence on contemporary networking
methodologies. It delves into the fundamental concepts, archi-
tecture, and components of SDN, elucidating its advantages
and challenges. The survey underscores SDN’s notable ad-
vantages, including improved network programmability, flexi-
bility, and scalability."!3!

N. Examining the Use of Software Defined Networking for
Enhancing Network Security: A Survey

This paper presents a survey of current research on the
use of Software Defined Networking (SDN) for enhancing
the security of computer networks. While the research in
the SDN community is still evolving, significant efforts have
been made to create various applications that simplify network
management through SDN.14I

0. A Passive Method for Wireless Device Fingerprinting

A passive method is suggested for determining the type of
access point (AP) linked to a network, utilizing a Blackbox
methodology. This technique involves sending a stimulus (like
a packet train) through the access point to replicate regular
data traffic. It has practical uses for system administrators and
potential attackers.[5!

P. Advanced Passive Operating System Fingerprinting

Passive fingerprinting is advantageous as it does not send
probes that could add extra load to the network. This method
has a clear edge over active fingerprinting as it also lowers the
risk of triggering false alarms. OS fingerprinting is performed
by initially predicting the TCP flavor using passive traffic
traces.[16]

Q. A Survey of OS Fingerprinting Tools Available Online

The introduction highlights Nmap’s capability to gather
more information by sending additional probes compared
to other tools. It mentions a mechanism that uses ma-
chine learning operating system (OS) classifications with high
accuracy.!'”]

R. Device Fingerprinting In Wireless Networks

Device fingerprinting in wireless networks plays a pivotal
role in the realm of operating system (OS) detection, contribut-
ing to the identification and characterization of devices con-
nected to these networks. In the context of network scanning,
particularly in wireless environments, device fingerprinting
involves the systematic analysis of unique attributes associated
with each device.[1¥!

S. A Tool for Remote Active OS Fingerprinting Utilizing ICMP

The process begins by sending a UDP datagram to an open
UDP port, intending to provoke an ICMP Port Unreachable
Error message. This method requires the target system to have
at least one unfiltered port with no active service running.
Upon receiving the ICMP Port Unreachable Error message,
the contents of the datagram are analyzed, and a diagnostic
decision is made. This technique tends to yield faster results
on local LANs. While many sites block incoming UDP packets
for security reasons, some may still allow them through.!!*]

T. Difference Between Intrusion Detection System (IDS) and
Intrusion Prevention system (IPS)

Understanding the contrast between Intrusion Detection
Systems (IDS) and Intrusion Prevention Systems (IPS) is
crucial for enhancing network security. IDS primarily focuses
on identifying potential threats and abnormalities within a
network, while IPS goes further by actively preventing or
mitigating suspicious activities in real-time. By integrating
this understanding into our project on network scanning tools
using C++, we can enhance our ability to create robust and
proactive security measures, effectively shielding against cyber
threats.[2"]



IV. METHODOLOGY

The methodology for developing the network scanning tool
with a focus on IDS/IPS detection, service scanning and
version detection, and OS detection involves a systematic
and comprehensive approach. Initially, a thorough require-
ment analysis is conducted to precisely define the goals
and objectives of the tool, with a keen understanding of
the specific requirements for vulnerability assessment and
penetration testing. Following this, the design and architecture
of the tool are meticulously planned to ensure modularity and
scalability. The architecture includes dedicated modules for
OS detection, service scanning, version detection, and IDS/IPS
detection, with potential integration of the Boost C++ library
for enhanced functionality.

V. TooLsS AND TECHNOLOGY
A. Platform

Windows: The network scanning tool is designed to operate
specifically on the Windows platform, ensuring compatibility
with a wide range of Windows-based network environments.

B. Programming Language

C/C++: The tool is developed using the C/C++ program-
ming language, allowing for system-level programming and
efficient control over networking tasks within the Windows
environment.

C. Framework

Boost C++: The Boost C++ framework is integrated into
the tool, providing a standardized set of tools that enhance
functionality, efficiency, and portability for various aspects of
network communication.

Npcap: Npcap is a Windows packet capturing library that
provides low-level network access similar to WinPcap One
of the key features of Npcap is its ability to capture packets
directly from the network adapter, bypassing the Windows
networking stack. This capability is essential for network
scanning tools as it allows them to perform tasks such as
port scanning, OS fingerprinting, and network mapping more
efficiently and accurately.

D. Github Repository

The entire development process, including version control,
issue tracking, and collaborative contributions, is centralized
in a GitHub repository. This repository serves as a hub for
developers, allowing them to track changes, manage issues,
and contribute to the ongoing improvement of the network
scanning tool.

VI. VISUAL REPRESENTATIONS

A. Level 0 DFD

User Interface: This is where the interaction between
the user and the scanning tool occurs through a command-
line interface (CLI) , The user provides input here, such as
specifying the target network or selecting scanning options.

Scanning: This component represents the core functionality
of network scanning tool. It encompasses the algorithms and
procedures used to scan the network for devices, open ports
etc.

Output: This is the result of the scanning process. It could
include various types of information gathered during the scan,
such as a list of devices, open ports .The scanning output is
then displayed or provided back to the user through the user
interface.
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Fig. 1. Level 0 Data Flow Diagram (DFD)

B. Level 1 DFD

User: This is the user initiating the scanning process. They
provide input to the system, such as specifying the target
network, selecting scanning options, and triggering the scan.

User Interface: This component represents the interface
through which the user interacts with the scanning tool. The
user interface receives input from the user and passes it to
Scan Configuration.

Scan Configuration: This subprocess is responsible for
gathering and organizing the user’s input into a format that
the scanning engine can understand. It includes tasks such as
parsing user-provided parameters, validating input.

Scanning Engine: This is the core component of the scan-
ning process. It encompasses the algorithms and procedures
used to scan the network for devices and open ports.

Output: Once the scanning process is complete, this subpro-
cess is responsible for handling the output generated by the
scanning engine.
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Fig. 2. Level 1 Data Flow Diagram (DFD)

C. Level 2 DFD

It begins with the user initiating the scanning process and
providing input through the user interface. This input is then
parsed to extract relevant information and validated to ensure it



meets specified criteria. Once the input data is validated, it un-
dergoes processing to generate configurations understandable
by the scanning engine.The configurations are then used to
set up the scanning parameters, configuring the scan to target
specific aspects of the network based on user preferences and
requirements. With the scan configured, the scanning engine
executes the scanning process, which involves probing network
devices and detecting open ports. This execution phase is
crucial, as it directly interacts with the network infrastructure
to gather data.
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Fig. 3. Level 2 Data Flow Diagram (DFD)

D. UML Diagram

The network scanning system comprises three core com-
ponents: Scanner, Port Scan, and Vulnerability. The Scan-
ner module captures essential scan parameters like target
IP Address and scan type. Port Scan identifies open ports
within specified IP address ranges, while the Vulnerability
component detects network vulnerabilities, providing descrip-
tions and severity levels. These components converge in the
Network Scan module, orchestrating scan initiation, execution,
and result aggregation. This design ensures a comprehensive
approach to network scanning, aiding in the effective identifi-
cation and mitigation of security risks.

Scanner Port Scan Vulnerability
IP Address() IP Address() .
Description
Scan Type () Port Range() s evefity ()D
Scan Result () Scan Result ()

Y

Network Scan

Y

Scanners()
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Get_Scan_Result()

Fig. 4. UML Diagram

E. Activity Diagram

Initiate Network Scan: Initiating the scanning procedure
commences with the user’s activation of the ”Start Scan”
button. This action marks the outset of the scanning process.
Upon clicking the designated button, the scanning process
commences.

Scan Selection: Advanced scanning tools extend their capa-
bilities beyond basic port scans, encompassing various types of
scans such as vulnerability scans, operating system detection
scans, and scans targeting specific services.

Target Selection: Advanced tools have the capability to
scan not just individual IP addresses but also ranges of IP
addresses and subnets.

Scan Customization: Users can tailor scans using advanced
tools, adjusting parameters, targets, and protocols according to
their preferences.
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VIII. DISCUSSION PART

During the development of our network scanning tool using
C++, numerous crucial discussions emerged concerning its
design, functionality, and potential impact on network security.
One significant aspect of our deliberations centered on select-
ing the appropriate programming language. We opted for C++
due to its efficiency, versatility, and widespread use in system-
level programming, which make it well-suited for crafting a
robust and high-performance network scanning tool.

Furthermore, we emphasized the importance of integrating
advanced features and libraries, such as the Boost C++ library
and Npcap, to bolster the functionality and performance of our
tool. By leveraging these external resources, we could acceler-
ate development while ensuring compatibility and reliability.

Ethical considerations regarding network scanning activities
were also thoroughly addressed. Although our tool is intended
for legitimate purposes like vulnerability assessment and pen-
etration testing, we underscored the necessity of obtaining
proper authorization and consent before executing scans on
network infrastructure.

In summary, through in-depth discussions and careful delib-
erations, our aim was to guarantee that our network scanning
tool using C++ adheres to the highest standards of effec-
tiveness, reliability, and ethical responsibility in bolstering
network security.

IX. RESULTS

The execution of our network scanning tool using C++ pro-
duced positive results, showcasing its capability in pinpointing
network vulnerabilities and bolstering security protocols.

Detection: It successfully identified a range of network
devices, services, and vulnerabilities in diverse network envi-
ronments. The scanning algorithms efficiently pinpointed open
ports and potential security flaws, offering comprehensive
insights into the network infrastructure.

The outcomes exhibit noteworthy enhancements in both
functionality and usability of the network scanning tool. In-
corporating the GUI has notably boosted user accessibility,
rendering the tool more intuitive and user-friendly. Perfor-
mance assessments reveal efficient scanning capabilities with
minimal resource consumption. Moreover, compatibility as-
sessments affirm the tool’s operability across various Windows
environments, ensuring its broad applicability.

A. False Positive Rate Comparison

This illustration presents a comparison of vulnerability
detection rates attained through active and passive scanning
techniques. On the horizontal axis, scanning methods are
categorized as Active Scanning and Passive Scanning. The
vertical axis depicts the vulnerability detection rate, measured
in percentage. This visualization enables a direct assessment
of the efficacy of both approaches in identifying network
vulnerabilities within your research.
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Fig. 6. Bar Chart (False Positive Rate Comparision)

B. Scan Time Comparison

The bar chart demonstrates a comparative analysis of scan
durations related to various network scanning techniques uti-
lized in your investigation. On the X-axis, scanning methods
are categorized as Basic Scan, Threaded Scan, SYN Scan,
among others. The Y-axis indicates the average scan time,
measured in either seconds or minutes. This visualization
emphasizes the efficiency enhancements attained through ad-
vanced scanning techniques in contrast to conventional meth-
ods.
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Fig. 7. Bar Chart (Scan Time Comparision)

C. Vulnerability Detection Rate

The bar chart compares the occurrence of false positives
between conventional scanners and your novel scanning tools.
On the X-axis, scanner types are categorized as Traditional
Scanner and Advanced Scanner, while the Y-axis represents
the false positive rate, measured in percentage. This visualiza-
tion emphasizes how effective your advanced scanning tools
are in reducing false alarms compared to traditional scanners.
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Fig. 8. Bar Chart (Vulnerability Detection Rate)

X. CONCLUSION

In conclusion, the development of a comprehensive net-
work scanning tool in C/C++ that encompasses OS detection,
service scanning and version detection, as well as IDS/IPS
detection, holds immense value for the field of cybersecurity,
particularly in the domains of vulnerability assessment and
penetration testing. The utilization of C/C++ ensures effi-
ciency, speed, and close-to-the-metal control, crucial for tasks
that demand precision and performance in a resource con-
strained environment. The tool’s ability to accurately identify
operating systems, services, and their versions is pivotal for
understanding the target network’s configuration and vulnera-
bilities.

XI. FUTURE WORK
A. Graphical User Interface (GUI)

In our upcoming project, we plan to develop a Graphical
User Interface (GUI) tailored to improve the usability and
accessibility of our network scanning tool specifically for
the Windows platform. This GUI will present users with
a welcoming interface to interact with our scanning tool,
enabling them to customize scanning parameters, initiate scan-
ning tasks, and review scan results in a user-friendly layout.



Rigorous testing and validation will be carried out to ensure
the reliability, performance, and compatibility of the GUI
across diverse Windows environments and user scenarios. Our
primary objective in implementing this GUI is to offer users
a more intuitive and effective means of utilizing our network
scanning tool.

B. Potential Directions For Further Research And Develop-
ment

1) Enhanced Detection Techniques: Examine sophisti-
cated techniques for improving the precision and effectiveness
of OS detection, service scanning, and other functionalities to
enhance overall accuracy and efficiency.

2) Scalability and Performance Optimization: Explore
methods to enhance the tool’s capabilities for efficiently
scanning larger networks and managing larger volumes of
data, ensuring scalability while maintaining optimal speed and
accuracy levels.

3) Enhanced User Interface and Visualization: Enhance
the user interface and visualization features of the tool to offer
users intuitive dashboards, interactive reports, and graphical
representations of scan results, simplifying interpretation and
aiding in decision-making processes.

4) Security and Privacy Considerations: Consistently
evaluate and improve the security protocols of the tool to miti-
gate potential vulnerabilities and adhere to privacy regulations,
safeguarding sensitive data throughout the scanning process.
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