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The rapid evolution of modern software delivery practices has significantly shortened development
cycles, enabling organizations to release updates at an unprecedented pace. However, this
acceleration has also increased the exposure of applications to security vulnerabilities, particularly
when traditional security validation is performed only at later stages of development.

This paper presents the DevSecOps Scan Engine, a container-oriented orchestration framework
designed to embed automated security analysis directly into continuous integration and continuous
deployment workflows. The proposed system supports multiple categories of security testing,
including static code analysis, dynamic application testing, and dependency vulnerability
assessment, all executed within isolated and short-lived container environments. By leveraging
containerization, the framework ensures consistency across executions while eliminating
environmental dependencies and cross-process interference.

A standardized abstraction layer is introduced to unify the interaction between diverse security tools
and pipeline components, transforming heterogeneous scanner outputs into a consistent structure
for seamless integration with dashboards and automated decision-making systems.

Experimental evaluation demonstrates that the system supports concurrent scan execution with
reliable isolation and efficient resource utilization, while effectively preventing deployments when
critical vulnerabilities are detected. Overall, the proposed approach enables scalable and automated
security validation while preserving the speed and flexibility required in modern development
environments.
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1. Introduction

1.1 Background and Motivation

The adoption of continuous integration and
continuous deployment practices has transformed
the way software systems are developed and
delivered. Organizations are now capable of
releasing updates within hours or even minutes,
allowing rapid adaptation to user requirements and
market demands. While this shift improves
productivity and responsiveness, it also introduces
significant security concerns. In many cases,
vulnerabilities are introduced during development
and remain undetected due to insufficient or
delayed security testing.

Traditional security assessment approaches, which
often rely on manual testing or periodic evaluations,
are not well suited for high-frequency deployment
environments. These methods typically occur after
development is complete, making it difficult to
identify and resolve issues early in the lifecycle. As
a result, vulnerabilities may propagate into
production systems, increasing the likelihood of
exploitation and potential data breaches.

1.2 Challenges in Integrating Security

Despite the growing importance of DevSecOps,
integrating security into development pipelines
remains a complex task. Security tools often require
different runtime configurations and dependencies,
making it difficult to maintain consistent execution
environments. Furthermore, these tools generate
outputs in varying formats, which complicates the
aggregation and interpretation of results.

Another major challenge is the lack of isolation in
shared environments. When multiple scans are
executed simultaneously, resource contention and
process interference can lead to inconsistent results.
Additionally, limited visibility into ongoing scan
activities can hinder effective monitoring and
decision-making. These issues collectively create
barriers to the seamless adoption of DevSecOps
practices.

1.3 Proposed Solution

To overcome these challenges, this work proposes
the DevSecOps Scan Engine, a unified orchestration
framework that leverages containerization to
standardize and automate security scanning
processes.

Each scan is executed within a dedicated container,
ensuring a clean and isolated runtime environment.
This approach eliminates configuration drift and
guarantees reproducibility across different
executions.

The framework integrates directly with CI/CD
pipelines through a set of well-defined APIs,
enabling automated initiation and monitoring of
security scans. By incorporating severity-based
enforcement mechanisms, the system ensures that
deployments are blocked when critical vulnerabilities
are detected. This proactive approach allows
organizations to address security issues before they
reach production environments.

2. Review of Literature

Security integration within software development
lifecycles has been extensively studied in recent
years. Existing research highlights the importance of
embedding security mechanisms early in the
development process to reduce vulnerabilities and
improve system resilience [1].

Rahman and Williams discuss the adoption of
security practices within DevOps environments,
emphasizing the need for automation and
continuous monitoring [2]. Similarly, Fitzgerald and
Stol explore continuous software engineering
models that enable rapid development cycles while
maintaining system quality [3].

Beller et al. analyze the effectiveness of static
analysis tools, identifying limitations such as
developer resistance and false positives [5].
Johnson et al. further investigate why developers
often avoid such tools, citing usability and workflow
integration challenges [6].

Dynamic testing approaches have also been
explored, with Fonsca et al. evaluating web
vulnerability scanners for detecting injection and
cross-site scripting vulnerabilities [7]. The OWASP
Top 10 framework provides a standardized
classification of critical web application risks [8].

Containerization technologies, particularly Docker,
have been widely studied for their role in improving
deployment consistency and isolation [9]. Pahl
highlights the importance of container-based
architectures in cloud environments, enabling
scalable and reproducible execution [10].
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Overall, existing literature emphasizes the need for
integrated, automated, and scalable security
frameworks capable of operating within modern
CI/CD ecosystems.

3. Devsecops Scan Engine
Architecture

The DevSecOps Scan Engine is designed as a multi-
layered  architecture that coordinates user
interaction, orchestration logic, and execution
environments. The system is structured to ensure
scalability, maintainability, and efficient resource
utilization while supporting diverse security
scanning tools.

3.1 Architectural Overview

The architecture is divided into three primary
layers: the presentation layer, the orchestration
layer, and the execution layer. The presentation
layer provides a wuser interface that enables
interaction with the system through API calls.
Instead of maintaining persistent connections, the
system adopts a polling-based approach to retrieve
scan status updates at regular intervals.

The orchestration layer acts as the central control
unit, responsible for validating requests, assigning
unique identifiers, and managing the overall scan
lifecycle. The execution layer interfaces with the
container runtime to provision and monitor scanner
instances. This separation of responsibilities ensures
modularity and simplifies system maintenance.
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3.2 Container Lifecycle Management

Each scan request progresses through a series of
well-defined stages, beginning with initialization and
ending with finalization. During initialization, the
system validates input parameters and prepares
metadata records. The provisioning stage involves
allocating container resources and configuring the
execution environment.

Once the environment is ready, the execution stage
begins, where the selected security tool runs within
a restricted container. After execution, the system
processes the generated reports, extracting relevant
information and converting it into a standardized
format. Finally, the results are stored securely, and
the container is removed to prevent residual data
from persisting.

This lifecycle-driven approach ensures that each
scan operates independently, eliminating
interference and maintaining consistency across
executions.

3.3 Tool Abstraction Layer

One of the key components of the system is the
abstraction layer, which standardizes the interaction
between different security tools. Since each tool
produces output in its own format, the abstraction
layer transforms these outputs into a unified
schema. This schema includes essential information
such as severity levels, vulnerability descriptions,
and remediation suggestions.

By normalizing the data, the system enables
consistent reporting and simplifies integration with
dashboards and CI/CD pipelines. Design also allows
new tools to be incorporated without requiring
significant modifications to existing components.

3.4 CI/CD Integration and Enforcement

The framework is designed to integrate seamlessly
with CI/CD pipelines through REST-based APIs.
When a pipeline reaches a predefined stage, it
triggers a security scan and periodically checks its
status. Based on the results, the system enforces
deployment decisions by evaluating the severity of
detected vulnerabilities.

If critical issues are identified, the pipeline is halted,
preventing insecure code from being deployed.
Otherwise, the deployment proceeds automatically.
This mechanism ensures that security validation
becomes an integral part of the development
process rather than an afterthought.
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4. Experimental Evaluation

The system was evaluated under conditions that
simulate real-world development environments with
multiple concurrent scan requests. Performance
measurements indicate that the system achieves
low latency during scan initiation and efficient
container provisioning. The polling mechanism
provides consistent updates without introducing
significant overhead.

Functional testing confirms that the system
accurately processes and normalizes outputs from
different security tools. Vulnerability classifications
remain consistent across multiple runs,
demonstrating reliability in severity aggregation.
Additionally, the CI/CD enforcement mechanism
effectively blocks deployments when high-risk
vulnerabilities are detected.

Resource monitoring further verifies that each
container operates within defined limits, ensuring
isolation and preventing resource contention. The
automatic cleanup process successfully removes all
execution artifacts, maintaining a clean runtime
environment.

5. Discussion

The use of container-based execution provides
significant advantages in terms of consistency and
isolation. By ensuring that each scan runs in a
controlled environment, the system eliminates
issues related to configuration drift and dependency
conflicts. The polling-based monitoring strategy
offers a practical balance between simplicity and
responsiveness, avoiding the complexity associated
with persistent communication channels.

The abstraction layer enhances the flexibility of the
system by decoupling tool implementations from the
core architecture. This allows for easy updates and
integration of new scanning technologies. However,
the system's reliance on container runtime
infrastructure  may  introduce limitations in
environments with restricted resources. Future
enhancements could address these limitations by
incorporating distributed orchestration mechanisms.

6. Conclusion

This paper introduced the DevSecOps Scan Engine,
a container-based framework designed to integrate
automated security scanning into CI/CD pipelines.

By combining container isolation, standardized
abstraction, and automated enforcement
mechanisms, the system enables continuous and
scalable security validation.

The experimental results demonstrate that the
framework achieves reliable performance, effective
vulnerability aggregation, and consistent
enforcement of security policies. The proposed
approach highlights the feasibility of integrating
security into rapid development workflows without
compromising efficiency.

Future work will focus on improving scalability
through distributed execution models and enhancing
risk prioritization techniques to further optimize
security decision-making.
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