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[bookmark: _Toc223741772]1. Introduction
The rapid growth of digital technologies and interconnected systems has significantly increased exposure to cyber security threats. Penetration testing is a controlled and authorised method used to identify vulnerabilities before exploitation occurs [1], [2]. Automation can improve efficiency and repeatability in security assessments [3].
This project investigates the design and implementation of an automated local penetration testing environment. The study explores whether automation can improve efficiency, repeatability and reliability during reconnaissance and vulnerability identification phases of penetration testing while maintaining ethical boundaries.
Modern organisations increasingly rely on digital infrastructure such as cloud computing, distributed networks and web applications. As a result, the attack surface for cyber threats has expanded significantly. Cyber criminals often exploit weaknesses in network configurations, outdated software or misconfigured services. Penetration testing allows security professionals to simulate real-world attacks in a controlled environment in order to discover vulnerabilities before malicious actors do [4].
Automation within penetration testing has become increasingly important due to the complexity and scale of modern networks. Automated tools can perform repetitive tasks such as port scanning, service identification and vulnerability enumeration much faster than manual testing [5]. However, while automation improves efficiency, it does not replace human expertise. Security professionals must interpret results, validate vulnerabilities and determine their real impact on the system.
The purpose of this project is therefore to investigate how automation can be integrated into a local penetration testing laboratory environment. By creating a controlled and isolated testing infrastructure, the project aims to demonstrate how automated tools can assist security practitioners while ensuring that ethical guidelines and legal boundaries are respected.
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The aim of this project is to design and implement a local automated penetration testing environment.
Objectives include investigating penetration testing methodologies, designing a virtualised testing environment, implementing automated scanning, generating vulnerability reports and evaluating effectiveness.
In order to achieve this aim, several structured objectives were defined. First, the project examines established penetration testing methodologies used in professional cybersecurity practice. Understanding these methodologies helps identify the most suitable stages where automation can provide practical benefits. Secondly, the project designs a virtualised environment that safely simulates real network conditions using virtual machines and isolated network configurations [6].
Another key objective is the development of automation scripts that can perform network reconnaissance and vulnerability identification tasks. These scripts are intended to integrate commonly used penetration testing tools and simplify their execution through automation. Additionally, the project focuses on creating structured vulnerability reports based on the results generated by automated scans.
Finally, the project evaluates the effectiveness of the automated environment. Evaluation criteria include efficiency, usability, reliability and ethical compliance. Through this evaluation, the study aims to determine whether automation can meaningfully support penetration testing activities within educational and professional environments.
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Penetration testing is a structured security assessment process used to identify vulnerabilities in systems. Research literature highlights the importance of reconnaissance, service enumeration and vulnerability validation. Automation tools such as Nmap and scripting languages improve efficiency, though human expertise remains essential for contextual vulnerability assessment and ethical compliance.
Recent cybersecurity research emphasises that penetration testing is one of the most effective proactive defence mechanisms used by organisations today [7]. Unlike traditional vulnerability scanning, penetration testing attempts to simulate realistic attack scenarios. This allows security professionals to better understand how attackers might exploit weaknesses within networks, applications and operating systems.
The penetration testing process is commonly divided into several phases including reconnaissance, scanning, exploitation and reporting. Each phase serves a specific purpose within the security assessment process. Reconnaissance focuses on gathering information about the target system, while scanning identifies open ports and services that may represent potential entry points for attackers [8].
Automation tools have become increasingly integrated into these processes. Automated scanning tools allow testers to identify vulnerabilities across large networks more efficiently than manual methods. However, researchers highlight that automated tools often generate false positives or incomplete results. Therefore, human expertise remains essential for verifying vulnerabilities and assessing their real security impact [9].
The literature also emphasises the importance of ethical considerations in penetration testing. Testing must be conducted with proper authorisation and within clearly defined boundaries to prevent legal or ethical violations. Educational penetration testing laboratories provide a safe environment where students and researchers can explore cybersecurity techniques without risking damage to real-world systems.
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An applied research methodology will be used, combining literature review, system design, implementation and evaluation. Industry-standard tools such as Nmap and Metasploit will be integrated into an automated workflow [2], [3].
An applied research methodology was adopted. The project combined system design, scripting implementation and controlled experimental evaluation within a virtualised lab. A phased development approach was used: planning, implementation, testing and evaluation.
Applied research was selected because the primary objective of this project is practical system development rather than purely theoretical analysis. The methodology therefore focuses on designing and evaluating a functional penetration testing environment. The research process began with an extensive literature review in order to identify established penetration testing frameworks and automation approaches used in modern cybersecurity practice.
Following the literature review, the system design phase defined the architecture of the penetration testing laboratory. This included selecting appropriate virtualisation tools, operating systems and network configurations. The implementation phase then focused on developing automation scripts that integrate scanning tools and process their outputs.
The final stage involved experimental evaluation within the controlled laboratory environment. Multiple tests were performed to analyse the accuracy, reliability and efficiency of the automated workflow. Results from these tests were analysed to determine whether automation improved the penetration testing process and whether the system functioned reliably within the virtual environment.
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The system architecture consists of a host machine running VirtualBox, an attacker virtual machine (Kali Linux) and intentionally vulnerable target machines. A Bash script executes automated scans while a Python script analyses XML outputs and generates structured vulnerability reports.
The use of virtualisation technologies plays a critical role in the system design. Virtual machines allow multiple operating systems to run on a single physical computer while remaining isolated from the host system. This makes virtualisation an ideal platform for cybersecurity experimentation and penetration testing research [10].
Within the proposed architecture, the host machine serves as the physical infrastructure supporting the entire environment. The attacker machine, running Kali Linux, contains the security testing tools required for network scanning and vulnerability assessment. Target machines are configured to simulate vulnerable systems that can safely be tested without affecting real infrastructure.
Automation is implemented through scripting technologies. Bash scripts initiate scanning processes and execute predefined commands, while Python scripts process scan results and generate readable reports. This architecture allows the system to perform reconnaissance tasks automatically while still enabling human analysts to review the results.
The modular design of the system ensures flexibility and scalability. Additional tools or testing modules can be integrated into the environment in future research, allowing the platform to evolve as cybersecurity technologies and methodologies continue to develop.
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The automation workflow integrates Nmap scanning with Python-based XML parsing. Rule-based logic maps detected services to potential risks. Reports are generated in a human-readable format. Ethical safeguards restrict execution to authorised local targets.
All penetration testing activities will be conducted exclusively in a controlled local environment, following professional ethical guidelines [5].
The implementation phase focused on integrating automation into the reconnaissance and scanning stages of the penetration testing process. Nmap was selected as the primary scanning tool due to its reliability and widespread use within cybersecurity practice [11]. Automated scripts were created to execute scans, identify open ports and detect running services on target systems.
The output generated by Nmap is saved in XML format, which can be easily processed using Python scripts. These scripts analyse the scan results and identify potential security risks based on predefined rule-based logic. For example, certain services running on specific ports may indicate potential vulnerabilities or misconfigurations.
The automation workflow also includes structured report generation. Reports summarise the findings of the automated scan and highlight services that may require further investigation by a security analyst. This approach ensures that automation assists the penetration testing process while leaving final vulnerability validation to human experts.
Ethical safeguards were incorporated into the system design to prevent misuse. The scripts are configured to operate only within the local laboratory network, ensuring that no external systems are scanned or tested without authorisation.
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Testing was conducted within an isolated virtual environment. The system was evaluated based on accuracy, consistency, usability and ethical compliance. Results demonstrated reliable detection of open ports and services, with minor false positives due to simplified rule-based mapping.
The testing process aimed to determine whether the automated system functioned as expected within the virtual laboratory environment. Several test scenarios were designed to simulate common network configurations and service setups. These scenarios allowed the system to perform scans against multiple virtual machines with different services running.
During testing, the automation scripts successfully executed network scans and generated reports summarising detected services. The results demonstrated that automation significantly reduced the time required to perform reconnaissance tasks compared with manual scanning procedures.
However, testing also revealed certain limitations of the rule-based analysis approach. Some services were flagged as potential vulnerabilities even though they did not represent actual security risks. These false positives highlight a known limitation of automated vulnerability detection systems [12].
Despite these limitations, the system performed reliably throughout multiple testing cycles. The evaluation confirmed that automation can improve efficiency during the early phases of penetration testing while maintaining ethical boundaries within a controlled laboratory environment.
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The findings confirm that automation enhances efficiency in early-stage penetration testing. However, it does not replace expert validation. The project demonstrates the educational value of combining scripting, virtualisation and cybersecurity tools in applied computing research.
The results of the project highlight several important implications for cybersecurity education and practice. Automation significantly improves the efficiency of repetitive tasks such as network scanning and service enumeration. This allows penetration testers to focus more time on analysing vulnerabilities and developing appropriate mitigation strategies.
The project also demonstrates how automation can support cybersecurity training. By developing a local laboratory environment, students and researchers can safely experiment with penetration testing tools and techniques. This hands-on experience is essential for developing practical cybersecurity skills [13].
At the same time, the study confirms that automated tools should not be viewed as a complete replacement for professional penetration testers. Human expertise remains essential for interpreting results, validating vulnerabilities and understanding the broader security context of a system.
Overall, the project demonstrates that automation can be a valuable support mechanism within penetration testing workflows. When used responsibly within a controlled environment, automation improves efficiency while maintaining the accuracy and reliability of security assessments.
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The project will successfully designed and evaluated an automated local penetration testing system. Future improvements may include integration with vulnerability databases, enhanced reporting formats and authenticated scanning modules. The system provides a strong foundation for further research and practical cybersecurity development.
The project will deliver a functional automated penetration testing lab and an evaluation of automation effectiveness.
The development of the automated penetration testing environment demonstrates how virtualisation and scripting technologies can be integrated to support cybersecurity research and education. The system successfully performs automated reconnaissance tasks and generates structured reports that assist vulnerability analysis.
Future work could expand the capabilities of the system by integrating vulnerability databases such as CVE repositories. This would allow automated scans to provide more detailed risk assessments based on known vulnerabilities. Another potential improvement is the development of more advanced reporting tools that generate graphical security reports.
Additionally, future research could explore the integration of machine learning techniques to improve vulnerability detection accuracy. Such technologies could reduce false positives and provide more intelligent analysis of scan results.
Overall, the project demonstrates the practical value of automated penetration testing environments and provides a foundation for further innovation in cybersecurity automation.
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