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ABSTRACT

Web applications are common targets for cyberattacks. The use of automated Vulnerability Assessment and Penetration Testing (VAPT) is vital for identifying and
addressing these security flaws. This study presents the development of an automated VAPT system specifically designed for web applications, enhancing both the
speed and accuracy of security assessments. By leveraging open-source tools for port scanning and network analysis, we create an integrated system for continuous
monitoring of security vulnerabilities. The research outlines the seven steps of penetration testing and applies these to simulated attacks on a controlled test network,
with the goal of strengthening network and application security.
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1. INTRODUCTION

In today’s interconnected environment, protecting the vast number of devices, systems, applications, and intricate networks is vital for defending against
cyber threats. Automated Vulnerability Assessment and Penetration Testing (VAPT) is a key approach for identifying and mitigating vulnerabilities
within web applications. This method offers continuous security evaluations, including scanning for existing vulnerabilities, mimicking real-world
attacks, and producing detailed reports. Compared to manual testing, automated VAPT provides faster and more precise assessments, making it well-
suited for handling extensive and complex environments. By loading VAPT into the improvising lifecycle, organizations can identify and address
vulnerabilities at the begining, thereby minimizing the risk of potential security breaches.

2. LITERATURE SURVEY

Penetration testing (pen-testing) has been widely examined in the literature across different contexts. Stuttard and Pinto offer a detailed overview of pen-
testing, explaining its methods and real-world significance, often likening it to testing the security of a new car by trying to break into it. By stressing the
value of pen-testing in a controlled manner for assessing system security through simulated attacks. Botezatu et al. focus on the role of pen-testing within
the software development lifecycle, highlighting its importance in identifying vulnerabilities early. Other studies emphasize incorporating pen-testing
into application-security strategies to uncover flaws more effectively. Ayala et al. introduce a sophisticated pen-testing approach that integrates Petri nets,
flaw hypotheses, and attack trees to create an "attack net" model. This technique enables the evaluation of security vulnerabilities by understanding system
flaws, even when complete system information is not available. Pen-testing has also been extended beyond traditional IT environments. Research into
Advanced Metering Infrastructure (AMI) has adapted pen-testing for complex, multi-vendor systems like smart grids, where vulnerabilities can arise
from the interactions between different devices and software components. These studies collectively provide essential insights into the methodologies
and applications of penetration testing, illustrating its importance in safeguarding both IT and non-IT systems.

3. ARCHITECTURAL METHODOLOGIES OF VAPT

Web applications are frequently targeted by cyberattacks due to weaknesses in their underlying platforms. Automated Vulnerability Assessment and
Penetration Testing (VAPT) plays a critical role in detecting and addressing these vulnerabilities. This study introduces an automated VAPT system
designed to replicate real-world cyberattacks, improving both efficiency and accuracy. By employing open-source tools for port scanning and network
enumeration, the system enables continuous security monitoring. The system’s effectiveness is demonstrated through the seven key phases of penetration
testing—planning, reconnaissance, scanning, gaining access, maintaining access, analysis, and reporting—using simulated attacks on a controlled test
network.
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3.1. Vulnerability Assessment

The goal of the vulnerability assessment was to detect, evaluate, and prioritize security weaknesses within the designated assets, enabling the organization
to take proactive measures to mitigate potential risks. The assessment focused on key applications, network segments, and server infrastructure, all of
which were thoroughly examined for vulnerabilities. During this process, X vulnerabilities were identified and classified into high, medium, or low
severity levels based on their potential impact. Among these, X high-severity vulnerabilities were deemed critical due to their ability to potentially expose
sensitive information or disrupt operations if exploited. This report outlines these findings and suggests immediate corrective actions for high-risk issues,
along with long-term strategies for addressing medium- and low-level vulnerabilities to strengthen the organization’s overall security.

3.2. Penetration Testing

Penetration testing, or ethical hacking, is a proactive and structured approach aimed at identifying and exploiting vulnerabilities within a system, network,
or application. The main objective of penetration testing is to mimic real-world attacks to uncover security weaknesses before they can be targeted by
malicious actors. This practice helps organizations improve their security by revealing potential vulnerabilities and offering actionable recommendations
for mitigating them. Penetration testing encompasses a variety of techniques, such as network and vulnerability scanning, exploit testing, and social
engineering. By simulating both external and internal attacks, penetration testing provides a thorough assessment of an organization's security defenses.
Detailed reports document the findings, describing the vulnerabilities found, their potential impacts, and suggestions for remediation.

3.3. Penetration Testing Phases

A penetration test is broken down into six key phases: (1) Pre-Engagement Scoping, (2) Reconnaissance, (3) Threat Modeling/\ulnerability Identification,
(4) Exploitation, (5) Post-Exploitation, and (6) Reporting.

3.3.1. Pre-Engagement Scoping

The first phase, known as Pre-Engagement Scoping, is vital as it sets the direction for the entire penetration test. During this stage, the goals and boundaries
of the test are clearly defined to make sure that essential services and systems remain unaffected. This step is important for establishing the rules and
scope of the engagement.

Scope Definition Equation:

\( S_1 = \text{Scope} \times \text{Rules of Engagement} \)
3.3.2. Reconnaissance

The second phase, called reconnaissance or footprinting, involves gathering information in a passive manner to prepare for the testing. This step is critical
because it allows the tester to gather as much information as possible about the target’s systems and networks. A strong understanding of the IT
environment is essential to properly plan and carry out the rest of the testing.

Information Coverage Equation:

\(Mext{IC}(S) = \sum_{j=1}*{n} D_j \)

Methods commonly used during the reconnaissance phase include:

Open-Source Intelligence (OSINT): Utilizing publicly available data from resources such as the OSINT Framework to learn about the target.
Network Scanning: Employing tools like Nmap to identify connected devices and network structures.

Advanced Techniques: Implementing more specialized approaches such as social engineering, searching for information through domain lookups, search
engine queries, dumpster diving, and inspecting websites for details.

These initial activities build a comprehensive understanding of the target, paving the way for the next phase, which involves Threat Modeling and
Vulnerability Identification.

3.3.3. Threat Modeling/Vulnerability Identification

In this phase, the information collected during reconnaissance is used to develop threat models tailored to the organization’s environment, including its
customers and the sensitive data it manages or stores. The goal here is to build realistic threat models that represent potential risks to the organization.
Following this, the focus shifts to identifying vulnerabilities that could be exploited to bring the threat models to life in a real-world scenario.

Vulnerability Count Equation:

\(Mext{VC}(S) = \sum_{k=13"{m} v_k\)
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3.3.4. Exploitation

This phase involves taking the insights and analyses from previous steps and actively testing them to exploit identified vulnerabilities. The penetration
tester attempts to gain unauthorized access or control over the system, such as obtaining administrative privileges or gaining shell access to a server. The
main objective is to exploit these vulnerabilities fully and explore all potential ways to compromise the system or network. Capturing screenshots or logs
at different points during the exploitation process is crucial for documenting the findings and assisting in later phases.

Additionally, this phase assesses the scope and potential for further attacks that might stem from exploiting the initial vulnerabilities. The duration of this
phase is influenced by the time constraints and resources available for testing.

Success Rate Equation:

E(S) = Successful Exploits Total Attempts
3.3.5. Post-Exploitation

In the post-exploitation phase, the focus shifts to leveraging the information and findings from previous stages to explore the system further. The
penetration tester works to understand how far they can go with the access gained, such as trying to obtain administrative rights or creating a shell on the
target server. The goal here is to see how deeply the system can be compromised and to identify all potential pathways for further exploitation. It's
important to document each step, taking screenshots or making detailed notes that will be useful for later phases of the process.

This phase also involves analyzing the extent to which an attack can be expanded and how scalable it is. In other words, the tester looks at whether
exploiting one vulnerability can lead to further access or other vulnerabilities within the network. The duration of this phase can vary depending on the
complexity of the system being tested and the resources available for the test.

3.3.6. Reporting

The reporting phase is the final and one of the most important parts of penetration testing, especially from the client’s perspective. This phase is all about
summarizing what was done during the test and providing detailed documentation. It should include a clear breakdown of the methods and tools used to
carry out the test, along with an analysis of the findings and suggested mitigation strategies.

The report should offer a thorough look at the security risks, threats, and vulnerabilities found, and how these can be addressed to better protect the
organization. Depending on the client's needs, the report can be as detailed as necessary to assist the internal or external security teams in patching
vulnerabilities and applying recommended security measures.

The main aim of penetration testing is to find weaknesses and vulnerabilities in the system and to provide a roadmap for fixing them, improving overall
security. The information provided in the report enables clients to strengthen their defenses, ensuring their systems are more secure against future threats.
result and discussion are not be edited the conted is based on the tabular column

SQL Injection (V-001)

Description: This critical vulnerability allows attackers to execute unauthorized SQL queries directly on the database. This can lead to serious issues such
as unauthorized data access, data alteration, or even complete compromise of the database.

Impact Score: 9.0
Cross-Site Scripting (XSS) (V-002)

Description: This medium-severity vulnerability lets attackers inject malicious scripts into web pages, which are then viewed by other users. Such attacks
can be used to steal user data, hijack user sessions, or spread malware.

Impact Score: 6.5
Open Redirect (V-003)

Description: A low-severity vulnerability that can be leveraged to redirect users to external, potentially harmful sites. This is often used in phishing attacks
to trick users into visiting malicious web pages.

Impact Score: 4.0
Insecure Deserialization (V-004)

Description: This high-severity vulnerability allows attackers to execute arbitrary code, potentially bypass authentication processes or trigger denial-of-
service conditions.

Impact Score: High



International Journal of Research Publication and Reviews, Vol 5, no 12, pp 3056-3060 December 2024 3059

4. PERFORMANCE METRICS

False Positives: The automated VAPT system demonstrated strong detection accuracy with a minimal number of false positives.

Scan Duration: Automated scanning was notably faster than manual testing, showcasing the system’s efficiency.

Resource Utilization: The system optimized the use of computing resources, ensuring that network performance was minimally affected during scans.
The chart below shows the trends of three types of vulnerabilities—SQL Injection, Cross-Site Scripting (XSS), and Open Redirect—over four time

periods (t1, t2, t3, t4).
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Fig. 2. Vulnerability Trends Over View
SQL Injection (Blue Line): The frequency of SQL Injection vulnerabilities rose steadily from t1 to t4, indicating an increasing concern over time.

Cross-Site Scripting (XSS) (Orange Line): The occurrence of XSS vulnerabilities showed fluctuation, initially decreasing, then rising again, and
eventually stabilizing. This suggests an inconsistent trend.

Open Redirect (Gray Line): Open Redirect vulnerabilities started at a high level, peaked at t3, and then declined by t4, showing a general improvement
over time but with occasional increases.

6. CONCLUSION AND FUTURE ENHANCEMENTS

Penetration testing plays a crucial role in identifying and resolving security vulnerabilities, helping organizations build stronger defenses against potential
cyber threats. To further improve security practices, incorporating continuous, automated testing and embedding security throughout the development
cycle (DevSecOps) can enhance proactive defense mechanisms. Additionally, utilizing Al-driven tools and real-time threat intelligence can help
organizations stay agile and strengthen their security posture to better address emerging and evolving cyber threats.
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