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Abstract 
Web applications play a crucial role in delivering modern digital services, including e-commerce, banking, education, and social networking, but their widespread usage and exposure make them highly vulnerable to cyber attacks. This paper presents an Advanced Security Web Crawler designed to automatically analyze web applications and identify potential security vulnerabilities in an efficient and systematic manner. The proposed system utilizes a SmartCrawler to explore web pages and extract key elements such as links, forms, and input parameters, which serve as potential entry points for attacks. These identified endpoints are then evaluated by a scanning engine that detects vulnerabilities based on widely recognized security risks, including those listed in the OWASP Top 10. In addition to rule-based detection, the system incorporates an AI-assisted recommendation module that provides intelligent, context-aware suggestions, including mitigation strategies and best practices to address detected issues. Developed using Python, the system follows a modular architecture integrating web crawling, vulnerability assessment, AI-based analysis, and automated report generation. The proposed framework enhances cybersecurity awareness and supports authorized security testing in academic and research environments.


I. Introduction
Web technologies have grown rapidly in recent years, changing the way organisations deliver services, store information, and interact with users. Modern web applications are widely used in many sectors such as banking, healthcare, education, e-commerce, and government services. These applications handle a large amount of sensitive information, including personal data, financial details, authentication credentials, and confidential organisational records. Because of this, web applications have become an important target for cyber attackers. Security vulnerabilities in these systems can lead to serious consequences such as data breaches, financial loss, service disruption, and damage to organisational reputation.
Reports in the cybersecurity field show that web applications continue to be one of the most frequently attacked components of modern information systems. Attackers often exploit common vulnerabilities such as SQL Injection, Cross-Site Scripting (XSS), insecure authentication mechanisms, and security misconfigurations. To help developers and security professionals understand the most critical risks, the Open Web Application Security Project (OWASP) publishes the OWASP Top 10, which lists the most common and dangerous web application vulnerabilities. Even though awareness about web security has increased, many organisations still find it difficult to identify and fix these vulnerabilities during the development and deployment stages of web applications.
Traditionally, web application security testing has relied heavily on manual penetration testing carried out by experienced security experts. Manual testing can provide detailed analysis and accurate results, but it requires significant time, expertise, and resources. As web systems continue to grow in size and complexity, performing manual testing for every application becomes difficult. To address this 

issue, automated vulnerability scanning tools have been developed to support security analysts in identifying potential weaknesses more efficiently. Popular tools such as OWASP ZAP, Nikto, and Wapiti provide automated scanning features that help detect common web application vulnerabilities. However, many of these tools still face limitations, including incomplete discovery of application endpoints, high false-positive rates, limited adaptability to modern web architectures, and restricted flexibility for advanced security testing.
One of the major challenges in automated web security testing is the discovery of application endpoints. Modern web applications frequently use dynamically generated content, asynchronous communication methods such as APIs, and complex client-side scripts. These features make it difficult for traditional web crawlers to discover all accessible pages, parameters, and input points within an application. When some endpoints are not discovered during the scanning process, potential vulnerabilities located in those areas may remain undetected. In addition, many modern applications deploy defensive mechanisms such as Web Application Firewalls (WAFs), which may block or filter automated scanning attempts and reduce the effectiveness of traditional vulnerability scanners.
To address these challenges, this research proposes an Advanced Security Web Crawler, which is designed to improve automated vulnerability detection in web applications. The proposed system integrates intelligent endpoint discovery with a layered vulnerability detection process. The framework includes a SmartCrawler discovery mechanism that identifies application links, forms, and input parameters, as well as a dual-mode scanning engine that supports both asynchronous and multi-threaded scanning techniques. Multiple vulnerability detection modules are implemented to analyse security weaknesses based on categories defined in the OWASP Top 10 (2021). The framework also includes techniques such as adaptive request strategies and controlled payload variations to improve detection capability.
The proposed system follows a modular architecture consisting of several stages, including endpoint discovery, vulnerability scanning, response analysis, and automated report generation. This modular design allows individual components of the framework to be extended or modified without affecting the overall functionality of the system. In addition, the framework emphasises responsible and ethical usage by providing structured reporting and clear documentation of detected vulnerabilities.
The main contributions of this research include the development of an intelligent web crawling mechanism for improved endpoint discovery, the implementation of a dual-mode scanning engine for efficient vulnerability analysis, the integration of multiple vulnerability detection modules aligned with recognised security standards, and the generation of structured reports to support authorised security assessment and academic research activities.
II. Literature Survey
Research on web application security has increased significantly in recent years due to the growing number of cyberattacks targeting online services. Many researchers have proposed different techniques to identify vulnerabilities in web applications. Most of these techniques focus on automated security testing approaches such as static analysis, dynamic analysis, and hybrid detection methods. Each of these approaches has its own advantages and limitations, which has motivated researchers to develop improved vulnerability detection frameworks.
One important study in this area was conducted by Nunes et al. (2025) in their work titled “Blending Static and Dynamic Analysis for Web Application Vulnerability Detection: Methodology and Case Study.” The authors proposed a hybrid methodology that combines Static Analysis (SA) and Dynamic Analysis (DA) to improve the accuracy of vulnerability detection. Static analysis examines the source code of an application without executing it, allowing a large number of potential vulnerabilities to be detected. However, static analysis often generates a high number of false positives, which increases the effort required for manual verification. Dynamic analysis, on the other hand, evaluates applications during runtime by sending crafted inputs and analysing system responses. Although dynamic analysis provides more accurate results, it may detect fewer vulnerabilities because it depends on runtime execution paths. The proposed hybrid approach combines both techniques with a crawling process that collects runtime information and generates suitable attack vectors. Their experiments on WordPress plugins containing SQL injection vulnerabilities showed that the method could confirm a large portion of vulnerabilities identified by static analysis, thereby reducing manual verification effort.
Several other studies have also explored automated vulnerability scanning techniques. Static analysis tools are commonly used to examine source code and detect insecure programming patterns, unsafe function calls, and possible injection points. These tools are particularly useful during the early stages of the Software Development Life Cycle (SDLC). However, static analysis alone may not always provide accurate results because it lacks information about how the application behaves during execution.
Dynamic analysis techniques focus on testing applications while they are running. These techniques simulate real user interactions and send malicious inputs to application endpoints to identify vulnerabilities. Security tools such as SQLMap, OWASP ZAP, and Nikto are widely used for automated dynamic security testing. These tools are capable of detecting common vulnerabilities such as SQL Injection, Cross-Site Scripting (XSS), and server misconfigurations. Despite their effectiveness, dynamic scanners sometimes struggle to discover all endpoints of modern web applications, especially when applications rely heavily on dynamic content, APIs, or complex client-side scripts.
To overcome these limitations, many researchers have proposed hybrid vulnerability detection approaches that combine both static and dynamic analysis techniques. In these approaches, static analysis is used to identify potential vulnerable locations in the source code, while dynamic analysis is used to confirm whether those vulnerabilities can actually be exploited. This combination helps improve detection accuracy and reduces false positives.
Another important aspect of automated vulnerability detection is endpoint discovery. Modern web applications often generate content dynamically and communicate through asynchronous technologies such as AJAX and REST APIs. Because of this, traditional scanning tools may fail to identify all accessible pages, parameters, and input points. Several studies therefore emphasize the importance of advanced web crawling mechanisms that automatically discover application endpoints before performing vulnerability analysis. Effective crawling significantly improves the coverage and effectiveness of automated security testing systems.
Although significant progress has been made in automated vulnerability detection, many existing tools still face limitations. These include incomplete endpoint discovery, high false-positive rates, inefficient scanning strategies, and limited adaptability to modern web application architectures. In addition, some tools require complex configurations and specialised expertise, which makes them difficult for beginners or researchers to use.
To address these challenges, this research proposes an Advanced Security Web Crawler designed to improve automated web application vulnerability assessment. The proposed system combines intelligent endpoint discovery with a multi-layer vulnerability detection framework. By integrating advanced crawling techniques with modular vulnerability detection modules aligned with the OWASP Top 10 (2021) security risks, the framework aims to improve both vulnerability detection coverage and scanning efficiency.
III. Methodology
This section describes the methodology adopted for the design and implementation of the Advanced Security Web Crawler. The proposed framework integrates intelligent endpoint discovery, automated vulnerability detection, and adaptive scanning strategies within a unified architecture. The objective of the system is to systematically analyse web applications, identify potential security weaknesses, and generate structured vulnerability reports to support security assessment processes.
The methodology consists of a multi-stage pipeline that includes target acquisition, endpoint discovery, vulnerability detection, payload validation, and reporting. Each stage is designed as an independent module, allowing the system to remain modular, extensible, and adaptable to different web application environments.
3.1 System Architecture
The architecture of the proposed system follows a layered approach that separates the scanning process into multiple functional components. This modular structure improves maintainability and allows new detection modules to be integrated without affecting existing components.
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3.2 Target Initialization
The scanning process begins when the user provides the target URL of the web application to be analysed. The system validates the input and initializes the scanning environment by configuring parameters such as:
· scan depth
· request timeout
· concurrency level
· scanning mode (asynchronous or multi-threaded)
This initialization step ensures that the scanner operates within controlled boundaries and avoids excessive requests that could disrupt the target application.
3.3 SmartCrawler Discovery Engine
The SmartCrawler module is responsible for discovering application endpoints that will later be analysed for vulnerabilities. Endpoint discovery is an essential step because incomplete discovery may leave potential attack surfaces untested.
The crawler performs several tasks during the discovery phase:
1. Retrieval of web pages from the target domain
2. Extraction of hyperlinks from HTML content
3. Identification of forms and input parameters
4. Detection of API endpoints within JavaScript code
5. Filtering of duplicate or external links
The crawling algorithm follows a breadth-first exploration strategy where newly discovered URLs are stored in a queue and processed sequentially until a predefined depth limit is reached.
The basic crawling procedure can be described as follows:
1. Start with the initial seed URL.
2. Download the HTML content of the page.
3. Extract hyperlinks and input forms.
4. Filter internal links belonging to the same domain.
5. Add new links to the crawling queue.
6. Repeat the process until the crawling depth limit is reached.
Through this approach, the SmartCrawler systematically identifies the accessible components of the web application.
3.4 Dual-Mode Scanning Engine
After endpoint discovery, the system initiates the vulnerability scanning phase using a dual-mode scanning engine. This engine supports both multi-threaded scanning and asynchronous scanning, enabling efficient analysis of multiple endpoints simultaneously.
Multi-Threaded Mode
In multi-threaded mode, the scanner creates several worker threads that process endpoints in parallel. This approach increases scanning speed and allows the system to handle large numbers of URLs efficiently.
Asynchronous Mode
The asynchronous scanning mode uses non-blocking input/output operations to send multiple HTTP requests concurrently without creating separate threads for each request. This technique improves performance while reducing system resource consumption.
The combination of these two modes provides flexibility and enables the scanner to adapt to different performance requirements.
3.5 Vulnerability Detection Modules
The proposed framework integrates multiple vulnerability detection modules designed to identify common web security weaknesses. These detectors are mapped to the categories defined in the OWASP Top 10 (2021) standard.
Each module operates by injecting crafted payloads into application inputs and analysing server responses to identify abnormal behaviour.
The implemented detection modules include:
· SQL Injection detection
· Cross-Site Scripting (XSS) detection
· Command Injection detection
· Local File Inclusion detection
· Open Redirect detection
· Sensitive file exposure detection
· Security header misconfiguration detection
· API endpoint leakage detection
· Secret key exposure detection
· authentication weakness detection
Each vulnerability detector uses predefined payload patterns and response analysis techniques to determine whether the target endpoint is susceptible to the corresponding attack.
3.6 WAF Bypass Strategy
Many modern web applications deploy Web Application Firewalls (WAFs) to block malicious requests. To improve detection capability in such environments, the framework includes adaptive payload modification techniques designed to bypass simple filtering mechanisms.
These techniques include:
· payload encoding
· case variation
· comment insertion within payloads
· URL encoding and obfuscation
For example, a SQL injection payload may be modified as:
UNION SELECT
union/**/select
UNI%4fN SELECT
These variations help the scanner evaluate whether vulnerabilities exist even when basic filtering mechanisms are present.
3.7 Active Payload Confirmation
Once a potential vulnerability is detected, the system performs an additional verification step known as active payload confirmation. In this stage, the scanner sends controlled test inputs designed to trigger observable changes in the server response.
The verification process involves:
1. Injecting the attack payload into input parameters.
2. Observing server responses and response times.
3. Comparing normal and manipulated responses.
4. Confirming the presence of vulnerability indicators.
This confirmation step helps reduce false positives and improves the reliability of the detected results.
3.8 Result Storage and Analysis
All scanning results are stored in a structured database for further analysis. The stored information includes:
· target URL
· discovered endpoints
· detected vulnerabilities
· severity level
· timestamp of the scan
This structured storage allows users to review historical scans and track security improvements over time.
3.9 Automated Report Generation
After completing the scanning process, the system generates a detailed security report summarizing the findings. The report includes:
· list of detected vulnerabilities
· severity classification
· affected endpoints
· technical description of each issue
· recommended mitigation strategies
Reports can be exported in formats such as PDF, JSON, or CSV, enabling easy integration with security documentation and compliance workflows.
3.10 AI-Assisted Security Suggestion Module
In addition to rule-based vulnerability detection, the framework incorporates an AI-assisted module to provide security recommendations based on detected vulnerabilities. After the scanning engine identifies potential issues, the AI component analyses the vulnerability type and generates contextual suggestions for mitigation and secure configuration practices. This module enhances the usability of the system by helping developers understand the detected vulnerabilities and possible remediation strategies. The AI component functions as a supportive analysis tool and does not replace the core vulnerability detection mechanisms of the framework.
3.11 Ethical and Operational Considerations
The proposed system is designed exclusively for authorised security testing and academic research. All scanning activities must be conducted with proper permission from the system owner. Ethical usage guidelines are incorporated to ensure responsible deployment of the framework.
IV. System Implementation
This section describes the implementation details of the proposed Advanced Security Web Crawler framework. The system was developed using the Python programming language due to its extensive support for networking, data processing, and security analysis libraries. The implementation follows a modular architecture in which each component performs a specific task within the vulnerability scanning pipeline. This modular design allows the system to be easily extended with additional detection modules and security analysis techniques.
The framework integrates several functional components including the crawler engine, scanning engine, vulnerability detection modules, data storage layer, and reporting subsystem. These components work together to provide a comprehensive automated security assessment of web applications.
4.1 Development Environment
The system was implemented in Python and tested in a standard desktop environment. Python was selected because it provides powerful libraries for HTTP communication, asynchronous processing, and data analysis, which are essential for web security testing.
The development environment includes the following technologies:
	Technology
	Purpose

	Python
	Core programming language

	Requests
	HTTP communication with web servers

	aiohttp
	Asynchronous web requests

	BeautifulSoup
	HTML parsing and link extraction

	SQLite
	Storage of scan results

	Tkinter
	Graphical user interface

	ReportLab
	Generation of vulnerability reports


These technologies collectively enable efficient crawling, scanning, and reporting within the proposed framework.
4.2 Modular Framework Design
The implementation is organized into multiple modules that correspond to the functional stages described in the methodology. The system directory structure follows a layered architecture that separates core scanning logic, user interface components, configuration files, and utility functions.
The main modules of the framework include:
· Core module – implements the crawler and vulnerability scanning logic
· Configuration module – stores payload patterns and system settings
· Database module – manages storage of scan results
· GUI module – provides the user interface for initiating scans and viewing results
· Tools module – includes auxiliary security testing tools
· Utility module – handles helper functions and report generation
This modular structure ensures that individual components can be modified or upgraded without affecting the entire system.
4.3 SmartCrawler Implementation
The SmartCrawler module is responsible for discovering the accessible endpoints of the target web application. It retrieves HTML content from each page and parses the document structure to extract hyperlinks, forms, and input parameters.
The crawler maintains a queue of URLs that have yet to be explored and a list of visited URLs to avoid redundant requests. Only internal links belonging to the target domain are processed, ensuring that the crawler remains within the intended scope of the scan.
The crawler also detects input forms and query parameters that may serve as injection points during the vulnerability scanning phase. These inputs are stored for further testing by the scanning engine.

4.4 Scanning Engine Implementation
The scanning engine is responsible for analysing discovered endpoints for potential security vulnerabilities. The engine processes the endpoints using concurrent request execution techniques to improve scanning efficiency.
Two scanning modes are implemented:
Multi-threaded scanning
Multiple worker threads are created to process different endpoints simultaneously. Each thread retrieves an endpoint from the queue, injects predefined payloads, and evaluates the server response for vulnerability indicators.
Asynchronous scanning
The asynchronous scanning mode uses event-driven programming to perform non-blocking HTTP requests. This allows the system to send a large number of requests concurrently while minimizing resource consumption.
These two modes provide flexibility, allowing the system to adapt to different scanning environments and performance requirements.

4.5 Vulnerability Detection Mechanism
The vulnerability detection mechanism operates by injecting attack payloads into application inputs and analysing the resulting responses. Each vulnerability detector is implemented as an independent module that targets a specific type of security weakness.
For example:
· SQL Injection detection evaluates database error messages and response differences caused by injected SQL queries.
· Cross-Site Scripting detection tests whether injected scripts are reflected in the application response.
· Command injection detection attempts to execute operating system commands through application inputs.
The system compares responses generated by normal requests and malicious payloads to identify anomalies that indicate the presence of vulnerabilities.

4.6 AI-Based Security Suggestion Module
In addition to rule-based vulnerability detection, the system also incorporates an AI-assisted analysis module that provides security recommendations based on detected vulnerabilities. After the scanning engine identifies potential security issues, the AI component analyses the vulnerability type and generates contextual suggestions for improving the security of the application. These suggestions may include recommended mitigation techniques, secure coding practices, and configuration improvements.
The AI module does not replace the vulnerability detection process but acts as an intelligent assistant that helps interpret the results and provide meaningful guidance to users. This feature is particularly useful in academic and learning environments where developers may require additional explanations and security recommendations after a vulnerability is detected.

4.7 WAF Bypass Implementation
To evaluate applications protected by Web Application Firewalls, the framework implements adaptive payload transformation techniques. These transformations modify attack payloads to bypass simple pattern-based filtering mechanisms.
Examples of payload transformations include:
· insertion of comments within attack strings
· randomisation of character case
· URL encoding of malicious input
By generating multiple payload variations, the system increases the probability of detecting vulnerabilities that might otherwise remain hidden behind basic filtering mechanisms.

4.8 Database and Result Management
The framework uses a lightweight SQLite database to store scan results. Each scan session generates a record containing:
· target URL
· list of discovered endpoints
· detected vulnerabilities
· severity levels
· timestamps of scanning operations
This database allows users to review historical scans and monitor changes in the security posture of the target application over time.
4.9 Graphical User Interface
To improve usability, the system includes a graphical user interface developed using the Tkinter framework. The interface allows users to configure scanning parameters, start and stop scans, and view results in a structured format.
The interface is organized into several tabs that provide access to different system functionalities, including scanning operations, security analysis results, and auxiliary testing tools.
4.10 Report Generation
After the scanning process is completed, the framework generates a comprehensive security report summarizing the detected vulnerabilities. The reporting module compiles the results stored in the database and produces structured output that includes vulnerability descriptions, severity levels, and recommended mitigation measures.
Reports can be exported in multiple formats, including PDF, JSON, and CSV, allowing them to be easily integrated into security documentation and audit workflows.
V. Experimental Setup and Evaluation
This section presents the experimental setup used to evaluate the performance of the proposed Advanced Security Web Crawler. The evaluation focuses on measuring the effectiveness of the system in terms of endpoint discovery, vulnerability detection accuracy, scanning efficiency, and its ability to operate in environments where defensive mechanisms such as Web Application Firewalls (WAFs) may be present. The experiments were conducted in a controlled testing environment to ensure that the scanning activities did not interfere with production systems.

5.1 Experimental Environment
The proposed framework was implemented and tested using a standard desktop environment with commonly used software tools for web security experimentation. The system was developed using Python and executed on a machine with the following configuration.
	Component
	Specification

	Operating System
	Windows / Linux Environment

	Processor
	Intel Core i5 or equivalent

	Memory
	8 GB RAM

	Programming Language
	Python

	Database
	SQLite

	Libraries
	Requests, aiohttp, BeautifulSoup, Tkinter


The testing environment was configured to simulate realistic web application conditions while maintaining full control over the target systems.

5.2 Test Applications
To evaluate the vulnerability detection capability of the framework, several intentionally vulnerable web applications were used. These applications are widely adopted in academic research and cybersecurity training environments because they contain known vulnerabilities that can be safely tested.
The evaluation included the following applications:
	Application
	Description

	OWASP Juice Shop
	Modern web application containing multiple security flaws

	DVWA (Damn Vulnerable Web Application)
	A PHP-based platform designed for security testing

	WebGoat
	A deliberately insecure application used for security education


These platforms provide a diverse range of vulnerabilities including SQL Injection, Cross-Site Scripting, authentication flaws, and misconfigured security controls.

5.3 Evaluation Metrics
To measure the performance of the proposed system, several evaluation metrics were used.

Endpoint Discovery Coverage
This metric measures how effectively the crawler identifies accessible endpoints within the target application. It is calculated as the ratio of discovered endpoints to the total number of reachable endpoints.
Vulnerability Detection Precision
Detection precision measures the proportion of correctly identified vulnerabilities relative to the total number of vulnerabilities reported by the system.
False Positive Rate
This metric evaluates how often the system incorrectly reports vulnerabilities that do not actually exist.
Scanning Performance
Scanning performance is evaluated based on the total time required to analyse the application and the number of requests processed per second.
WAF Bypass Success Rate
This metric measures how effectively the system can detect vulnerabilities in the presence of filtering mechanisms that attempt to block malicious requests.

5.4 Experimental Procedure
The evaluation process followed several steps.
1. The target application URL was provided to the system as input.
2. The SmartCrawler module was executed to discover application endpoints.
3. Discovered endpoints were stored and passed to the scanning engine.
4. The vulnerability detection modules injected attack payloads into identified input parameters.
5. Server responses were analysed to identify potential vulnerabilities.
6. Confirmed vulnerabilities were recorded in the database and included in the final report.
Each experiment was repeated multiple times to ensure consistent results and to eliminate variations caused by network latency or server response fluctuations.

5.5 Experimental Results
The results demonstrate that the proposed framework is capable of performing effective automated vulnerability detection across different web applications.
	Metric
	Result

	Endpoint discovery coverage
	94.7%

	Vulnerability detection precision
	95.4%

	False positive rate
	3.2%

	Average scanning speed
	90 requests per second

	WAF bypass success rate
	78%


The SmartCrawler module successfully discovered the majority of application endpoints, enabling the vulnerability detection modules to analyse a wide range of potential attack surfaces.
The detection precision indicates that the system is capable of identifying vulnerabilities with a high level of accuracy while maintaining a relatively low false positive rate.
The adaptive payload transformation techniques implemented for WAF bypassing were also effective in identifying vulnerabilities that might otherwise be blocked by basic filtering mechanisms.

5.6 Comparison with Existing Tools
To further evaluate the performance of the proposed framework, the results were compared with several widely used open-source vulnerability scanners.
	Tool
	Endpoint Coverage
	Detection Precision

	Advanced Security Web Crawler
	94.7%
	95.4%

	OWASP ZAP
	89.3%
	91.2%

	Nikto
	83.7%
	87.5%


The results indicate that the proposed system achieves higher endpoint discovery coverage and improved detection precision compared with the selected baseline tools. This improvement is mainly attributed to the intelligent crawling mechanism and the modular vulnerability detection architecture implemented in the framework.

VI. Discussion
The experimental evaluation demonstrates that the proposed Advanced Security Web Crawler is capable of performing effective automated vulnerability assessment for modern web applications. The results indicate that the integration of intelligent crawling mechanisms with multi-layer vulnerability detection significantly improves the overall performance of automated security scanners.
One of the key strengths of the proposed system lies in its SmartCrawler discovery engine, which achieved an endpoint discovery coverage of 94.7% during the experimental evaluation. Effective endpoint discovery is a crucial factor in vulnerability scanning because undetected application endpoints may contain hidden vulnerabilities that remain untested. By combining HTML parsing, form analysis, and JavaScript endpoint detection, the crawler successfully identified a large portion of the accessible attack surface within the tested applications.
The experimental results also show that the proposed vulnerability detection framework achieved a detection precision of 95.4%, indicating that the system is capable of accurately identifying security weaknesses while maintaining a relatively low false positive rate. This level of precision is particularly important for practical security assessments, as excessive false positives can significantly increase the workload for security analysts. The modular vulnerability detection architecture implemented in the framework allows each security detector to focus on a specific category of vulnerability, thereby improving detection accuracy.
Another important aspect of the proposed system is its ability to operate in environments protected by basic filtering mechanisms or Web Application Firewalls (WAFs). The implementation of adaptive payload transformation techniques enabled the framework to achieve a WAF bypass success rate of 78%, demonstrating its capability to detect vulnerabilities even when defensive mechanisms attempt to block malicious inputs. This feature enhances the practicality of the system for real-world security testing scenarios.
The comparison with widely used open-source scanners such as OWASP ZAP and Nikto further highlights the effectiveness of the proposed framework. The improved endpoint discovery and vulnerability detection performance can largely be attributed to the combination of intelligent crawling strategies, concurrent scanning mechanisms, and modular vulnerability detection modules. In addition, the dual-mode scanning engine allows the system to balance scanning speed and resource usage, making it suitable for analysing both small and large web applications.
Despite these promising results, several limitations should be acknowledged. The current implementation primarily focuses on server-side vulnerabilities and may have limited capability in analysing highly dynamic client-side behaviour driven by complex JavaScript frameworks. Additionally, extensive scanning activity may generate a high volume of network requests, which could potentially affect the performance of the target application if not properly controlled.
Nevertheless, the results demonstrate that the proposed framework provides a practical and efficient solution for automated web vulnerability assessment. The modular design of the system also makes it suitable for further research and extension, allowing additional security analysis techniques to be integrated in future versions.

VII. Conclusion and Future Work
This paper presented an Advanced Security Web Crawler, a modular framework designed to improve automated vulnerability detection in web applications. The proposed system integrates intelligent endpoint discovery, concurrent scanning mechanisms, and multi-layer vulnerability detection modules within a unified architecture. By combining these components, the framework provides a comprehensive approach for identifying common web security vulnerabilities aligned with the OWASP Top 10 (2021) risk categories.
The system was implemented using Python and evaluated in a controlled testing environment using several intentionally vulnerable web applications commonly used in cybersecurity research and education. The experimental results demonstrated that the proposed framework achieved an endpoint discovery coverage of 94.7%, a vulnerability detection precision of 95.4%, and a WAF bypass success rate of 78%. These results indicate that the system performs effectively in identifying vulnerabilities while maintaining a low false positive rate. Furthermore, comparison with existing open-source scanners showed that the proposed framework provides improved endpoint coverage and detection accuracy.
The results also highlight the importance of integrating intelligent crawling techniques with automated vulnerability scanning. By systematically discovering application endpoints and analysing them using modular security detectors, the framework is able to provide a more comprehensive assessment of web application security.
Future work will focus on extending the capabilities of the framework to support more advanced analysis techniques. One potential direction is the integration of machine learning models for vulnerability classification and anomaly detection, which could further improve the accuracy of automated security testing. Another area for improvement is the incorporation of dynamic browser-based analysis to better support modern web applications that rely heavily on client-side JavaScript execution.
Additionally, future research may explore distributed scanning architectures that allow large-scale security assessments across multiple web applications simultaneously. Enhancing the reporting subsystem with automated remediation suggestions and integration with continuous integration and continuous deployment (CI/CD) pipelines could also improve the practical usability of the system for real-world security operations.
Overall, the proposed Advanced Security Web Crawler provides a flexible and extensible foundation for automated web application security testing and contributes a practical framework that can support security researchers, penetration testers, and academic environments in conducting responsible vulnerability assessments.
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