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ARTICLE INFO ABSTRACT
Article histog: In the realm of cybersecurity, penetration testing is essential for
ﬁggee;)\{gg :]]5 ﬁfﬁ,%?%ggrzgom identifying and mitigating. vulnerapilit.ies before. thgy can be
Online first exploited by attackers, particularly within web applications. Vega,
Published 20 December 2024 an open-source web security scanner, stands out due to its
comprehensive scanning capabilities and user-friendly interface,
Keywords: making it a valuable tool for vulnerability detection. This paper
Vega . explores Vega’'s core features, including automated scanning,
gggr?gi%tglgOCUtlﬁsetrlggilities manual testiqg, and gustomisgble scanning profiles. It et).(a'lmin.es
Web applications Vega's effectiveness in detecting common web vulnerabilities like
cybersecurity SQL injection and Cross-Site Scripting (XSS) and assesses its

role in enhancing the penetration testing process. Real-world
case studies are discussed, demonstrating Vega’'s capabilities
and limitations within practical testing environments. While Vega
offers strong scanning capabilities, this paper posits that its
effectiveness is significantly enhanced when combined with other
security tools, highlighting Vega’s potential in strengthening
security postures and suggesting avenues for future
development, including enhanced machine learning integration to
improve detection accuracy.

INTRODUCTION

In the rapidly evolving landscape of cybersecurity, penetration testing has emerged as a
critical practice for identifying and mitigating vulnerabilities within systems. Penetration testing,
commonly known as ethical hacking, is a proactive approach to identifying security vulnerabilities
in web applications. The increasing complexity of cyber threats necessitates robust security
measures, with penetration testing being a proactive approach to identifying system
vulnerabilities. Penetration testing is utilised to mitigate risks and potential information loss by
identifying the existing gaps and providing a comprehensive mitigation plan. It also evaluates the
effectiveness of implemented security measures (Altulaihan et.al, 2023). The primary objective of
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pen testing is to proactively discover and identify security vulnerabilities before attackers can
exploit them (Albahar et al., 2022). In a pen test, an unauthorised attack is simulated on a target
system using either manually operated tools, automated tools, or a combination of both to prevent
potential web security breaches. The results are then applied to address security issues in
compliance with accepted security standards. While manual vulnerability assessment in a web
application can be effective, it is also highly time-consuming, error-prone, and costly, thereby
limiting its viability and scalability (Stefinko et al., 2016). As cyber threats evolve, the need for
efficient and reliable tools to perform penetration testing has become critical.

Vega is a tool that offers both automated scanning and manual testing capabilities, making
it a valuable asset for cybersecurity professionals. Vega is an open-source web vulnerability
scanner that provides a comprehensive suite of features that is designed to assist security
professionals in identifying potential security weaknesses in web applications. Vega, an open-
source web vulnerability scanner, provides a platform for security professionals to conduct
thorough assessments of web applications. Its features facilitate the identification of security
flaws, thereby enhancing the overall security posture of organisations (Phong & Yan, 2014; Denis
et al., 2016). The significance of this exploration lies in the increasing complexity of cyber threats
and the necessity for robust tools that can adapt to these challenges. This paper will explore the
functionalities of Vega, focusing on its role in the reconnaissance phase of penetration testing
and its integration with other tools and methodologies.

LITERATURE REVIEW

Overview of Penetration Testing

Penetration testing is a method used by organisations to evaluate their security posture by
identifying vulnerabilities within systems, networks, and applications. This method involves
simulating cyber-attacks on a system. This process is essential for organisations to understand
their vulnerabilities and the potential impact of a successful attack. The methodology typically
involves several steps, including planning, reconnaissance, scanning, exploitation, and reporting
(Zennaro & Erdédi, 2020).

Penetration testing simulates real-world attacks to uncover vulnerabilities within systems,
applications, and networks. The primary goal is to identify weaknesses that could be exploited by
attackers, thereby allowing organisations to remediate these issues before they can be exploited
(Phong & Yan, 2014; Denis et al., 2016). Various methodologies exist for conducting penetration
tests, including black-box, white-box, and grey-box testing, and each offers unique advantages,
depending on the testing objectives and the environment (Bertoglio & Zorzo, 2017; Tetskyi et al.,
2021). The effectiveness of penetration testing is heavily reliant on the tools employed, which can
significantly influence the outcomes of the assessments. Vega fits into this landscape as a tool
that enhances the reconnaissance and scanning phases of penetration testing.

The Role of Vulnerability Scanners

Vulnerability scanners play a pivotal role in the penetration testing process by automating the
identification of security flaws. These tools can scan networks, systems, and applications to detect
known vulnerabilities, misconfigurations, and compliance issues. The integration of vulnerability
scanners into penetration testing workflows enhances efficiency and accuracy, allowing security
professionals to focus on more complex tasks such as exploitation and remediation (Amankwah
et al., 2020). Vega, as a web vulnerability scanner, offers unique features that cater specifically
to web applications, making it a valuable asset for organisations seeking to bolster web security.
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Comparative Analysis with Other Tools

Research has highlighted and analysed the tools utilised in penetration testing, including
Vega. To understand the effectiveness of Vega, it is essential to compare it with other vulnerability
scanning tools. Research indicates that while commercial scanners often provide extensive
support and features, open-source tools like Vega can offer comparable capabilities at a lower
cost (Amankwah et al., 2020). A study comparing commercial and open-source web vulnerability
scanners found that both categories have their strengths and weaknesses, with the open-source
tools being particularly advantageous for organisations with limited budgets (Amankwah et al.,
2020).

Moreover, the adaptability of Vega in various environments is noteworthy, as its open-source
nature allows for community contributions and continuous updates, ensuring that it remains
relevant in the face of emerging threats. This aspect is particularly critical given the dynamic
nature of cybersecurity, where new vulnerabilities are constantly being discovered (Modesti,
2024).

Key Features of Vega

Vega is an open-source web security scanner and testing platform, designed to find
vulnerabilities in web applications through automated scans and manual testing tools. ltis a free
and open-source web security scanner and web security testing platform aims to test the security
of web applications. Vega can help to find and validate SQL Injection, Cross-Site Scripting (XSS),
inadvertently disclosed sensitive information, and other vulnerabilities. It is written in Java, GUI
based, and runs on Linux, OS X, and Windows. It can help you find vulnerabilities such as:
reflected cross-site scripting, stored cross-site scripting, blind SQL injection, remote file includes,
shell injection, and others while it also probes for TLS / SSL security settings and identifies
opportunities for improving the security of your TLS servers. Vega includes an automated scanner
for quick tests and an intercepting proxy for tactical inspection. The Vega scanner finds XSS
(cross-site scripting), SQL injection, and other vulnerabilities, in which can be extended using a
powerful API in the language of the web: Javascript. (Subgraph, n.d.) Vega’s user-friendly
interface, combined with its powerful scanning capabilities, makes it a popular choice among
cybersecurity professionals.

Vega offers several key features making it a valuable tool for penetration testers. Its user-
friendly interface allows for easy navigation, making it accessible even for those with limited
experience in cybersecurity (Barik et al., 2021; Aar & Sharma, 2017). The tool supports automated
scanning, which significantly reduces the time required to identify vulnerabilities. Additionally,
Vega provides detailed reports that outline the vulnerabilities discovered, their severity, and
recommendations for remediation (Sarker et al., 2023; Kamarudin et al., 2019). This reporting
capability is crucial for organisations to understand their security posture and prioritize
remediation efforts effectively.

Vega is distinguished by several key features that enhance its utility in scanning
vulnerabilities. Firstly, it provides a user-friendly interface that simplifies the scanning process,
making it accessible to both novice and experienced users. The tool supports automated
scanning, which allows for the rapid identification of vulnerabilities without extensive manual
intervention (Aisyah, 2024). Furthermore, Vega provides customisable scanning profiles,
allowing users to tailor scans to meet specific requirements or compliance standards.

Another notable feature of Vega is its ability to perform both active and passive scanning.
Active scanning involves sending requests to the target application to identify vulnerabilities, while
passive scanning analyses traffic to detect potential issues without direct interaction (Priambodo
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et al., 2023). This dual approach enhances the comprehensiveness of the assessments
conducted using Vega.

Furthermore, Vega includes a built-in reporting feature that generates detailed reports on
identified vulnerabilities, including their severity levels and recommended remediation steps. This
functionality is crucial for organisations to prioritise their response efforts and allocate resources
effectively (Modesti, 2024). Integrating such reporting capabilities aligns with the best practices
in vulnerability management, facilitating a structured approach to addressing security
weaknesses.

CASE STUDIES AND PRACTICAL APPLICATIONS

Numerous case studies illustrate the effectiveness of Vega in real-world penetration testing
scenarios. For example, organisations have successfully utilised Vega to assess the security of
their web applications, leading to the identification of critical vulnerabilities that were subsequently
remediated (Sarker et al., 2023; Kamarudin et al., 2019). These practical applications underscore
the importance of incorporating tools like Vega into the penetration testing process, as they
provide tangible benefits in enhancing security measures.

The paper included practical case studies demonstrating Vega's effectiveness and
capabilities in real-world penetration testing scenarios. These case studies showcase how Vega
can be used to uncover vulnerabilities in various web applications, highlighting both its strengths
and limitations. A case study using the web application http://testphp.vulnweb.com demonstrated
Vega’s capability to identify various critical vulnerabilities, such as SQL injection and XSS. This
is an example PHP application, which is intentionally vulnerable to web attacks.
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Figure 1. User friendly interface in Vega

Figure 1 shows the user-friendly interface in Vega which makes it accessible to both novice
and experienced penetration testers.
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Figure 2. Summary of the Vulnerability Scanning

Vega has comprehensive scanning, as shown in Figure 2 Vega's automated scanning
capabilities cover a broad spectrum of vulnerabilities, making it a versatile tool for web application
security. Once the scan is complete, a detailed report of all vulnerabilities discovered in the target
web application is displayed. The vulnerability scan results are summarised and organised by
severity (High, Medium, and Low). The report includes details about each type of vulnerability,
affected URLs, and technical support with request and response snippets. In addition, it offers
recommendations for corrective action, references to outside sources, metadata from the scan
(such as the parameters and duration), and compliance data about security standards.
Understanding security risks, prioritising fixes, assuring compliance, and directing ongoing
security improvements are all made possible by this report, which can be exported in a variety of
formats.

Automated Scanning Capabilities

One of the standout features of Vega is its automated scanning capabilities (Figure 3). By
utilising a combination of predefined scanning profiles and customisable settings, the users can
tailor the scanning process to meet specific organisational needs (Bu, 2024; Akhilesh et al., 2022).
This flexibility allows for comprehensive assessments of web applications, identifying a wide
range of vulnerabilities, including SQL injection, cross-site scripting (XSS), and insecure server
configurations (Zhang, 2023; Kumar et al., 2024). The automation feature not only improves
efficiency but also reduces the potential for human error during the testing process.
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Figure 3. Automated Scanning using Vega
Vega also provides a Scanner Module, which includes various customised scanner modules

based on the specific needs of the penetration tester (Figure 4). Vega provides Customizable
Modules, and these allow testers to tailor Vega to specific testing scenarios.
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Figure 4. Scanner Module in Vega

Vega also supports manual testing (Figure 5), allowing the testers to perform in-depth analysis
and validation of vulnerabilities identified during automated scans.
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Figure 5. Manual Testing in Vega
Vulnerability Detection Mechanisms

Vega's vulnerability detection mechanisms are based on signature and heuristic analysis. In
this case study of the web application http://testphp.vulnweb.com/, the results revealed several
vulnerabilities. The Vega tool employs various techniques to identify common web vulnerabilities,
such as:

SQL Injection: In Figure 6, Vega can detect SQL injection vulnerabilities by analysing the
input fields and URL parameters for potential injection points.
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Figure 6. SQL Injection Vulnerabilities

Cross-Site Scripting (XSS): Vega identifies XSS vulnerabilities by simulating malicious
scripts that can be injected into web applications as shown in Figure 7.
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Figure 7. Cross-Site Scripting Vulnerabilities
Integration Capabilities

Vega can be effectively integrated with other penetration testing tools and frameworks,
enhancing its functionality and expanding its capabilities. For instance, it can work alongside tools
like rp Suite and OWASP ZAP to provide a more comprehensive testing environment (Rushing et
al., 2015; Abu-Dabaseh & Alshammari, 2018). This integration allows penetration testers to
leverage the strengths of multiple tools, facilitating a more thorough examination of web
application security. Furthermore, the ability to export results to various formats enables seamless
collaboration among team members and stakeholders (Kollepalli, 2024; Zheng et al., 2020).

Vega can also be integrated with other security tools to enhance its utility in comprehensive
penetration testing strategies. In this case study, several tools can be integrated with Vega,
particularly for SQL vulnerabilities. In this phase, Vega passes the process to SQLMap (Figure 8)
for the next step, which is exploitation.

Figure 8. SQL Map Tool use in Exploitation Phase
Reporting and Analysis

The reporting features of Vega are designed to provide actionable insights into the identified
vulnerabilities during scanning (Figure 9). Reports generated by Vega include detailed
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descriptions of vulnerabilities, their potential impact, and suggested remediation steps (Ariyadi,
2023; Kamarudin et al., 2019). This level of detail is essential for organisations to prioritise their
response efforts effectively. Moreover, the ability to generate standardised reports aligns with the
industry’s best practices, ensuring that findings are communicated clearly to both technical and
non-technical stakeholders (Barik et al., 2021; Bertoglio & Zorzo, 2017).
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P DISCUSSION

Cross-site scripting (XSS) is a class of vuinerabilities affecting web applications that can resultin security controls implemented in browsers being circumvented. When a browser visits a page on a website,
script code originating in the website domain can access and manipulate the DOM (document object model), a representation of the page and its properties in the browser. Script code from another website
can not This is known as the “same origin policy”, a critical control in the browser security model. Cross-site scripting vulnerabilities occur when a lack of input validation permits users to inject script code
into the target website such that it runs in the browser of another user who is visiting the same website. This would circumvent the browser same-origin policy because the browser has no way to distinguish
authentic script code from inauthentic, apart from its origin.

b IMPACT

» The precise impact depends greatly on the application

» XSS is generally a threat to web applications which have authenticated users or are otherwise security sensitive

% Malicious code may be able to manipulate the content of the site, changing its appearance and/or function for another user.
» This includes modifying the behavior of the web application (such as redirecting forms, etc)

» The code may also be able to perform actions within the application without user knowledge

> Script code can also obtain and retransmit cookie values if they haven't been set HttpOnly.

P REMEDIATION

» The developer must identify how the untrustworthy data is being output to the client without adequate filtering
» There are various language/platform specific for fitering
» General rules for preventing XSS can be found in the recommended OWASP XSS Prevention Cheat Sheet (see references).

Figure 9. Reporting and Analysis for each Vulnerability found
CHALLENGES AND LIMITATIONS

Challenges in Vulnerabilities Scanning

Despite its advantages, the use of Vega and similar tools is not without challenges. One
significant issue is the potential for false positives, where the scanner identifies vulnerabilities that
do not exist. This can lead to wasted resources and diminished trust in the scanning process
(Amankwah et al., 2020). The tool may produce false positives, which can lead to unnecessary
remediation efforts and resource allocation ("A Process of Penetration Testing Using Various
Tools", 2023; Roshanaei, 2024). Additionally, while Vega is effective for web application testing,
it may not cover all aspects of a comprehensive penetration test, necessitating the use of
complementary tools to achieve a holistic assessment (Denis et al., 2016; Aar & Sharma, 2017).
Another challenge lies in the interpretation of scan results. Security professionals must possess
the expertise to analyse the findings and determine the appropriate remediation actions. This
requirement underscores the importance of training and continuous education in the field of
cybersecurity (Zennaro & Erdédi, 2020).

Limitations of Vega

Vega’s effectiveness depends on maintaining an up-to-date vulnerability database, which is
critical for accurate and reliable scanning. Regular updates are necessary to keep pace with the
latest security threats. Furthermore, interpreting the scan results requires expertise, as security
professionals must analyse findings and determine appropriate remediation actions. This
requirement underscores the importance of training and continuous education in cybersecurity
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(Amankwah et al., 2020; Zennaro & Erdédi, 2020). Understanding these limitations is crucial for
penetration testers to effectively leverage Vega in their assessments.

FUTURE DIRECTIONS FOR VEGA

As the cybersecurity landscape continues to evolve, there are several avenues for improving
Vega’s capabilities used to combat threats. Future developments for Vega could include
enhanced machine learning capabilities to improve vulnerability detection accuracy and reduce
false positives. The integration of artificial intelligence could enable the tool to learn from previous
scans and adapt its scanning techniques accordingly (Pozdniakov et al., 2020), and the
integration of threat intelligence feeds to provide context around identified vulnerabilities (Bu,
2024; Akhilesh et al., 2022). Additionally, expanding the tool's capabilities to include more
comprehensive reporting features, such as integration with ticketing systems for remediation
tracking, could further enhance its usefulness for organisations (Modesti, 2024). These
advancements would further solidify Vega's position as a leading tool in the penetration testing
domain.

CONCLUSION

In conclusion, Vega represents a significant advancement in vulnerability scanning for web
applications, offering penetration testers a powerful tool to enhance their scanning capabilities.
Its user-friendly interface, customisable scanning options, automated features, and robust
reporting capabilities make it an invaluable tool for penetration testing. These make Vega an
invaluable asset in the cybersecurity toolkit. Yet, the challenges, such as false positives and the
need for expert interpretation of results, must be addressed to maximise its effectiveness. As
cybersecurity threats continue to evolve, ongoing development and adaptation of tools like Vega
will be essential in maintaining organisations' robust security postures. By integrating Vega into
their penetration testing processes, organisations can proactively identify and remediate
vulnerabilities, ultimately strengthening their security posture against evolving cyber threats.
Continued research and development in this area will ensure that tools like Vega remain relevant
and effective in the face of emerging challenges.
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