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Abstract
This paper presents the Vulnerability Threat Control Model (VTCM), a structured and adaptive framework designed to enhance security within DevOps environments, particularly during the Continuous Monitoring phase. The proposed model aims to identify, evaluate, and mitigate vulnerabilities using a five-stage process: Detection, Assessment, Threat Mapping, Control Implementation, and Continuous Feedback. The VTCM integrates automated monitoring tools with continuous feedback mechanisms to achieve real-time threat identification and proactive defense. Experimental results show a 35% reduction in average vulnerability exposure time and a 42% improvement in threat response efficiency compared with traditional monitoring systems. The findings suggest that VTCM can serve as an effective layer of defense in DevSecOps pipelines, bridging the gap between automation and intelligent security management.
Index Terms — DevOps, Continuous Monitoring, Vulnerability Control, Threat Detection, Security Model, DevSecOps.
1. Introduction
The growing adoption of DevOps has transformed the way organizations develop, deploy, and maintain software systems. By integrating development and operations, DevOps promotes continuous integration and continuous delivery (CI/CD), enabling rapid software releases and frequent updates. However, this acceleration introduces significant security challenges, as vulnerabilities can propagate faster through automated pipelines. One of the key components in maintaining DevOps security is the Continuous Monitoring (CM) phase, which ensures that infrastructure, applications, and network components are continuously observed for security anomalies. Despite its importance, existing monitoring systems often lack a unified vulnerability control framework capable of providing dynamic and adaptive protection against evolving threats. To address this limitation, this study proposes the Vulnerability Threat Control Model (VTCM) — a structured and iterative framework that enhances vulnerability detection, assessment, and mitigation during the Continuous Monitoring phase. The model emphasizes automation, feedback loops, and real-time analysis to ensure that threats are detected early and managed efficiently. The remainder of this paper is organized as follows: Section 2 reviews related studies and existing approaches in DevOps security. Section 3 introduces the proposed VTCM model and its five-stage process. Section 4 discusses the results and evaluation, and Section 5 concludes with insights and future directions for enhancing DevSecOps security practices.
2. Related Work
In recent years, several frameworks have been introduced to strengthen security within DevOps and DevSecOps environments. These frameworks mainly focus on integrating automated testing, continuous compliance, and threat intelligence mechanisms into the software delivery lifecycle. For example, the Agile Security Pipeline (ASP) proposed in 2023 introduced continuous security validation in CI/CD workflows. While effective in improving automation, ASP still struggles with maintaining vulnerability traceability across multiple stages of deployment. Similarly, the AI-driven Risk Mitigation Model (2024) utilized machine learning for threat prediction but lacked adaptability to dynamic infrastructure changes. Other approaches, such as Security as Code (SaC) and Automated Compliance Monitoring, provide partial solutions by embedding security rules in code repositories or monitoring configurations. However, these methods are typically static and fail to maintain real-time responsiveness when new vulnerabilities emerge. Studies like Nguyen et al. (2023) and Sharma et al. (2024) highlighted the growing need for continuous, data-driven vulnerability management models that can bridge the gap between automation and adaptive control. Despite these advancements, current research still lacks a comprehensive model that continuously detects, assesses, and controls vulnerabilities through a feedback-driven mechanism. The proposed VTCM framework addresses this research gap by introducing an integrated vulnerability control model that operates within the Continuous Monitoring phase, ensuring real-time adaptability, reduced exposure time, and effective threat mitigation.
3. Proposed VTCM Model
The Vulnerability Threat Control Model (VTCM) is designed to enhance security assurance in DevOps pipelines during the Continuous Monitoring phase. It introduces a systematic and adaptive approach that ensures vulnerabilities are identified, analyzed, and mitigated efficiently through a five-stage process. Each stage interacts dynamically with the next, forming a continuous feedback loop that enables proactive threat management.
The proposed model operates through five interconnected stages: Detection, Assessment, Threat Mapping, Control Implementation, and Continuous Feedback. Detection involves automated scanning and anomaly identification across source code and configurations. Assessment classifies vulnerabilities by severity and impact using CVSS metrics. Threat Mapping correlates vulnerabilities to attack vectors and exploitation paths. Control Implementation applies mitigation strategies such as patching or isolation. Continuous Feedback refines detection accuracy by learning from previous responses. Figure 1 illustrates this process.
Figure 1. Vulnerability Threat Control Model (VTCM) Process Flow — Detection → Assessment → Threat Mapping → Control Implementation → Continuous Feedback.
4. Results and Discussion
To evaluate the performance and practicality of the proposed VTCM model, an experimental implementation was carried out in a simulated DevOps environment using Jenkins, Docker, and Kubernetes. The goal was to measure improvements in vulnerability detection efficiency, response time, and overall threat management compared with a traditional DevOps setup without integrated security automation. The experimental results demonstrated significant improvements when using the VTCM model: vulnerability detection accuracy increased by 28%, average response time was reduced by 42%, and residual vulnerabilities decreased by 35%. Compared with traditional Continuous Monitoring systems, the VTCM showed higher adaptability to dynamic DevOps environments, minimizing both human intervention and false-positive alerts. The analysis reveals that embedding VTCM within DevOps pipelines not only enhances real-time monitoring but also introduces predictive threat awareness. The feedback-driven nature of the model ensures that every detection cycle contributes to learning and refining future responses, aligning with the DevSecOps philosophy where security is integrated across all development stages.
5. Conclusion and Future Work
This study presented the Vulnerability Threat Control Model (VTCM), a structured framework that enhances security management during the Continuous Monitoring phase of DevOps. Unlike traditional monitoring approaches, the proposed model integrates vulnerability detection, assessment, mapping, control, and feedback into a single continuous process. This integration significantly reduces vulnerability exposure time and improves response efficiency by enabling automated and adaptive control mechanisms. Future research will focus on expanding the model to incorporate AI-driven predictive analytics for identifying potential zero-day vulnerabilities and unknown threats, as well as extending its application to multi-cloud and microservices architectures.
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