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Abstract: Establishing secure configuration baselines is a foundational practice in enterprise cybersecurity.
Misconfigured operating systems frequently expose critical services, weak authentication policies, and unnecessary
privileges that increase attack surfaces. In modern enterprise environments consisting of hybrid infrastructure,
manual system hardening is increasingly impractical due to scale, complexity, and configuration drift. This study
examines automation-driven approaches to implementing and maintaining security baselines for Linux and Windows
systems. Drawing upon established frameworks such as the Center for Internet Security (CIS) Benchmarks and the
Defense Information Systems Agency Security Technical Implementation Guides (DISA STIGs), the research analyzes
how configuration management tools including Ansible, Puppet, Chef InSpec, and Microsoft Group Policy Objects
(GPOs) enable repeatable, scalable, and auditable security enforcement. The paper further explores the integration
of baseline enforcement into DevSecOps pipelines and policy-as-code frameworks to enable continuous compliance
and automated remediation. Findings indicate that automation significantly improves consistency, reduces
configuration drift, and enhances audit readiness across enterprise environments. The study concludes that

automated baseline enforcement is a critical component of modern cyber defense strategies.

Keywords:

Security Baselines, System Hardening, Configuration Management, Ansible, CIS Benchmarks, DISA

STIG, Windows Security, Linux Security, Automation, Compliance.

1. Introduction

The rapid growth of enterprise IT infrastructure, driven
by cloud computing, virtualization, and hybrid deployments,
has significantly increased the complexity of securing
operating systems. Linux and Windows platforms form the
backbone of modern enterprise environments, yet default
system configurations often expose unnecessary services,
weak authentication mechanisms, and permissive access
controls. These misconfigurations represent a major attack
vector and are frequently exploited in real-world cyber
incidents.

To mitigate such risks, organizations adopt security
baselines, which define standardized configuration settings
that establish a minimum acceptable security posture for
systems. These baselines are typically derived from well-
established frameworks such as the Center for Internet
Security (CIS) Benchmarks, DISA Security Technical
Implementation Guides (STIGs), and NIST security controls.
These frameworks provide prescriptive and consensus-driven
guidance for securing operating systems and applications [1],

(2]

However, while defining security baselines is relatively
straightforward, maintaining consistent enforcement across
large-scale and dynamic environments remains a significant
challenge. Traditional manual hardening approaches where
administrators ~ apply  configurations  using  static
documentation or scripts are inherently error-prone, difficult

to audit, and incapable of scaling effectively. Configuration
drift, caused by system updates, user modifications, or
operational changes, further exacerbates this problem by
gradually deviating systems from their intended secure state.

Recent research highlights that misconfiguration
remains one of the leading causes of security breaches,
particularly in cloud and hybrid environments where
infrastructure changes frequently [3], [4]. In such contexts,
static security controls are insufficient; instead, organizations
require continuous, automated enforcement mechanisms to
maintain compliance and reduce attack surfaces.

Automation technologies, particularly configuration
management and Infrastructure-as-Code (laC) tools, have
emerged as a key solution to this challenge. Tools such as
Ansible, Puppet, Chef, and PowerShell Desired State
Configuration (DSC) enable organizations to define system
configurations  programmatically and enforce them
consistently across large infrastructures. By integrating these
tools into DevSecOps pipelines, security controls can be
applied during system provisioning and continuously
validated throughout the system lifecycle [5], [6].

Furthermore, the concept of security-as-code and policy-
as-code has gained traction in both academia and industry.
These paradigms allow security policies, including baseline
configurations, to be version-controlled, tested, and
automatically  enforced alongside application and
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infrastructure code. This shift enables organizations to move
from reactive security practices toward proactive and
continuous compliance models [7], [8].

2. Literature Review

The problem of securing operating systems through
standardized configurations has been extensively studied
across domains including system hardening, configuration
management, DevSecOps, and compliance automation. This
section reviews existing literature on security baselines,
automation frameworks, and continuous compliance
mechanisms, highlighting both advancements and research

gaps.

2.1. Security Baselines and System Hardening

Security baselines such as the CIS Benchmarks and
DISA STIGs have been widely adopted as foundational
mechanisms for system hardening. These frameworks
provide detailed configuration guidelines aimed at reducing
attack surfaces and enforcing secure defaults across
operating systems and applications. Prior  studies
demonstrate that adherence to CIS benchmarks significantly
improves system resilience against common vulnerabilities
and misconfigurations [1], [9].

Sujatha [10] presents an implementation of CIS
benchmarks for system hardening and shows measurable
improvements in system security posture when baseline
configurations are applied consistently. Similarly, Mustonen
[4] emphasizes the importance of baseline-driven security

frameworks in  maintaining secure development and
operational  environments, particularly in  regulated
industries.

However, several studies highlight that baseline

frameworks alone are insufficient without automated
enforcement mechanisms. Manual implementation often
leads to inconsistent configurations and limited scalability,
especially in large enterprise environments [11].

2.2. Configuration Management and Automation Tools

Configuration management tools such as Ansible,
Puppet, and Chef have been widely studied for their role in
automating infrastructure configuration and security
enforcement. Comparative analyses indicate that these tools
enable declarative configuration management, improve
repeatability, and reduce human error in system
administration [12].

Ameur et al. [12] provide a comparative study of
automation tools, demonstrating that Ansible offers
simplicity and agentless architecture, while Puppet provides
strong continuous enforcement capabilities. Ojel and Teleron
[13] further evaluate these tools in enterprise contexts,
highlighting their effectiveness in maintaining compliance
with security standards.

Research also shows that automation tools can
operationalize security baselines by translating benchmark
recommendations into executable policies. Donna and Gary
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[6] propose a framework for automating Linux security
compliance using configuration-as-code, showing that
automated enforcement significantly reduces configuration
drift and improves compliance rates.

Despite these advancements, existing studies often focus
on single-platform implementations (primarily Linux) and
lack comprehensive cross-platform approaches that address
both Linux and Windows environments simultaneously.

2.3. DevSecOps and Security Automation

The integration of security into DevOps pipelines,
commonly referred to as DevSecOps, has transformed how
organizations approach system hardening and compliance.
DevSecOps emphasizes embedding security controls into the
software development lifecycle through automation,
continuous integration, and continuous delivery practices.

Sinan et al. [14] analyze the integration of security
controls in DevSecOps and identify automation as a key
enabler for maintaining compliance in fast-paced
development  environments.  Similarly, Singh  [15]
demonstrates how DevSecOps tools can automate security
testing and configuration validation within CI/CD pipelines,
reducing vulnerabilities introduced during deployment.

Research by Gillespie [16] highlights that organizations
adopting DevSecOps practices achieve higher levels of
compliance automation and reduced audit complexity.
Furthermore, D’Onofrio et al. [17] emphasize the role of
CI/ICD pipelines in enforcing security policies and
integrating baseline configurations into infrastructure
provisioning workflows.

While DevSecOps provides a strong foundation for
automation, many studies focus primarily on application
security testing and vulnerability management, with limited
emphasis on operating system-level baseline enforcement.

2.4. Compliance-as-Code and Policy-as-Code

The emergence of compliance-as-code and policy-as-
code paradigms has further advanced security automation.
These approaches allow organizations to define security
policies programmatically and enforce them automatically
across infrastructure and applications.

Yelkoti [7] introduces a security-as-code framework that
integrates automated risk mitigation into DevSecOps
pipelines, demonstrating improved consistency and
auditability. Rusum [8] similarly explores policy-driven
security enforcement, highlighting the benefits of embedding
security controls into CI/CD workflows.

Recent studies also explore the use of Open Policy
Agent (OPA) and similar frameworks for enforcing
compliance policies across cloud-native environments.
Vance et al. [18] demonstrate how automated policy
enforcement aligned with CIS benchmarks can prevent
configuration drift and maintain continuous compliance in
Kubernetes environments.
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However, existing research often focuses on cloud-
native and containerized systems, leaving a gap in applying
policy-as-code approaches to traditional operating systems
such as Windows and Linux in hybrid enterprise
infrastructures.

2.5. Continuous Compliance and Drift Detection

Continuous compliance monitoring has become a
critical requirement for maintaining secure configurations in
dynamic environments. Unlike traditional periodic audits,
continuous compliance systems monitor configurations in
real time and automatically remediate deviations.

Gabriel [19] proposes a framework for continuous
compliance  monitoring  using  configuration-as-code,
demonstrating its effectiveness in detecting and correcting
configuration drift. Similarly, Brandon and Gabriel [5]
highlight the role of automated validation pipelines in
ensuring ongoing compliance with security baselines.

Malik [20] explores automation at scale in CI/CD
pipelines, emphasizing the importance of integrating
configuration validation and remediation into automated
workflows. These approaches enable organizations to
maintain a consistent security posture even in rapidly
changing environments.

Despite these advancements, challenges remain in
achieving cross-platform consistency, integrating multiple
automation tools, and balancing security enforcement with
operational flexibility.

2.6. Research Gaps

Based on the reviewed literature, several key gaps can be
identified:

Lack of cross-platform approaches: Most studies
focus on either Linux or cloud-native systems, with
limited research addressing unified baseline
enforcement across both Linux and Windows
environments.

Limited integration of multiple frameworks:
Existing research often focuses on a single baseline
framework (e.g., CIS) without exploring hybrid
approaches combining CIS, STIG, and vendor
baselines.

Insufficient emphasis on operational workflows:
While many studies discuss automation tools, fewer

provide  end-to-end  workflows  integrating
provisioning,  enforcement,  validation, and
remediation.

Scalability challenges: There is limited empirical
research on implementing automated baseline
enforcement at enterprise scale across hybrid
infrastructures.

2.7. Summary

The literature  demonstrates that  automation,
configuration management, and DevSecOps practices
significantly improve the effectiveness of security baseline
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enforcement. However, gaps remain in cross-platform
integration, scalability, and unified automation frameworks.

This paper addresses these gaps by proposing an
automation-driven, cross-platform baseline enforcement
model for Linux and Windows systems, integrating
configuration management tools, compliance frameworks,
and DevSecOps methodologies.

3. Security Baseline Frameworks and
Standards
Security baseline frameworks provide structured,

standardized guidance for configuring systems securely.
These frameworks serve as the foundation for system
hardening and are widely adopted across industry and
government sectors to ensure consistency, compliance, and
risk mitigation. This section examines the most prominent
frameworks used for Linux and Windows system hardening
and their role in automation-driven security enforcement.

3.1. Center for Internet Security (CI1S) Benchmarks

The Center for Internet Security (CIS) Benchmarks are
among the most widely adopted security configuration
standards for operating systems, cloud platforms, and
applications. Developed through a consensus-driven process
involving industry experts, CIS benchmarks provide detailed,
step-by-step recommendations for securing systems.

CIS benchmarks are structured into two primary levels:

Level 1: Basic security configurations that minimize
impact on system usability and are suitable for most
environments.

Level 2: Advanced configurations designed for
high-security environments, often with stricter
controls that may affect system functionality.

Research shows that implementing CIS benchmarks
significantly reduces the attack surface by disabling
unnecessary services, enforcing strong authentication
policies, and improving logging and auditing mechanisms
[9], [10]. Furthermore, CIS benchmarks are highly
compatible with automation tools, as they are often
distributed in machine-readable formats such as YAML,
JSON, and SCAP, enabling integration with configuration
management and compliance tools.

Several studies demonstrate that CIS-based hardening,
when combined with automation tools such as Ansible, can
achieve consistent and repeatable security configurations
across large-scale environments [6], [18].

3.2. DISA Security Technical
(Stigs)

The DISA Security Technical Implementation Guides
(STIGs) are a set of prescriptive security configuration
standards developed by the U.S. Department of Defense.
STIGs provide highly detailed and granular configuration
requirements for a wide range of systems, including Linux

Implementation Guides
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distributions, Windows servers, databases, and network
devices.

Unlike CIS benchmarks, which aim for broad applicability,
STIGs are designed for high-assurance environments, such
as military and government systems. They include:
e Detailed control descriptions and implementation
procedures
e  Severity categorizations (low, medium, high)
e  SCAP-compliant content for automated validation

Studies indicate that STIG-based configurations offer
stronger security guarantees but require more effort to
implement and maintain due to their complexity [2], [11]. As
a result, organizations often use automation tools such as
Puppet, Ansible, and PowerShell DSC to operationalize
STIG compliance and reduce manual overhead.

Despite their robustness, STIGs can introduce
operational  challenges, particularly in  commercial
environments where strict configurations may conflict with
application requirements. This has led to the adoption of
hybrid approaches combining CIS and STIG controls.

3.3 Microsoft Security Baselines

For Windows systems, Microsoft provides security
baselines through the Microsoft Security Compliance
Toolkit, which includes pre-configured Group Policy Objects
(GPOs) aligned with recommended security practices.

These baselines cover:
e Account policies (e.g.,
lockout thresholds)
e  User rights and privileges
e  Network security settings
e Windows Defender and firewall configurations

password complexity,

Microsoft baselines are particularly effective in Active
Directory (AD) environments, where GPOs can be centrally
managed and applied across domain-joined systems.
Research indicates that centralized enforcement through
GPOs significantly improves consistency and reduces
configuration drift in Windows environments [13].

However, GPO-based enforcement is limited to domain-
joined systems and may require complementary tools such as
PowerShell DSC or endpoint management platforms for
broader coverage.

3.4. NIST and I1SO Security Standards

While frameworks such as CIS and STIG provide
detailed configuration guidance, broader standards such as
NIST SP 800-53, NIST SP 800-171, and ISO/IEC 27001
define high-level security controls and governance
requirements.

These standards do not prescribe specific configuration
settings but instead define control objectives such as:

e Access control (AC)

e Audit and accountability (AU)

e Configuration management (CM)
e  System and communications protection (SC)

Organizations map these high-level controls to technical
configurations defined in CIS or STIG baselines. This
mapping enables organizations to achieve regulatory
compliance while implementing practical security controls at
the system level [1], [3].

3.5. Comparative Analysis of Baseline Frameworks
Each framework offers unique advantages and trade-offs:
Table 1: Comparison of Cybersecurity Frameworks:
Strengths and Limitations

Framework Strengths Limitations
CIS Widely adopted, Less strict than
Benchmarks practical, STIGs
automation-friendly
DISA STIGs | Highly detailed, high Complex,
security assurance operational
overhead
Microsoft Native integration Limited to
Baselines with Windows Microsoft
environments ecosystem
NIST /ISO Compliance- Not
oriented, implementation-
governance-focused specific

Recent research suggests that organizations increasingly
adopt hybrid baseline strategies, combining CIS for general
hardening and STIGs for high-security systems [17], [18].

3.6. Role of Frameworks in Automation

Modern security practices emphasize automating the
enforcement of baseline frameworks. Instead of treating
baselines as static documents, organizations encode them
into automation tools and integrate them into deployment
pipelines.

Key benefits include:

e Consistency: Uniform application of configurations
across all systems

e Scalability: Ability to manage thousands of systems
simultaneously

e Auditability: Version-controlled configurations with
traceable changes

e Continuous Compliance: Automated detection and
remediation of configuration drift

Studies show that integrating baseline frameworks with
configuration management and DevSecOps pipelines
significantly enhances security posture and reduces
compliance gaps [5], [7].

3.7. Summary

Security baseline frameworks such as CIS, DISA STIG,
Microsoft baselines, and NIST standards provide the
foundation for system hardening. While each framework
serves a specific purpose, their effectiveness depends on
proper implementation and continuous enforcement.
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The growing complexity of enterprise environments
necessitates the integration of these frameworks with
automation  technologies. By  encoding  baseline
configurations into automation tools and embedding them
into DevSecOps workflows, organizations can achieve
scalable, consistent, and continuously enforced security
postures.

4. Automation Technologies for Baseline

Enforcement

The increasing scale and complexity of enterprise
infrastructure necessitate the use of automation technologies
to enforce security baselines consistently. Manual
configuration approaches are no longer viable in dynamic
environments  characterized by cloud deployments,
virtualization, and continuous delivery pipelines. Automation
frameworks enable organizations to translate security
baselines into executable policies, ensuring repeatable,
scalable, and auditable system hardening.

This section examines key automation technologies used
to operationalize security baselines across Linux and
Windows systems.

4.1. Configuration Management Tools

Configuration management tools play a central role in
automating system hardening by defining desired system
states and enforcing them continuously.

4.1.1. Ansible

Ansible is an agentless automation platform that uses
declarative YAML-based playbooks to define system
configurations. It communicates over SSH (Linux) and
WinRM (Windows), making it highly adaptable for
heterogeneous environments.

Key advantages include:

e Agentless architecture  reduces  deployment
overhead

e ldempotent execution ensures consistent system
state

e  Strong integration with CI/CD pipelines

Research indicates that Ansible is particularly effective
for implementing CIS benchmarks due to its modular
structure and reusable roles [6], [12]. Studies also show that
Ansible-based automation significantly reduces
configuration drift and improves compliance consistency in
large-scale environments [18].

4.1.2. Puppet

Puppet is an agent-based configuration management tool
that enforces system configurations through a centralized
server. Puppet agents periodically check system states and
automatically remediate deviations.

Key features include:
Continuous enforcement of desired state
Strong compliance reporting capabilities
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e Extensive module ecosystem (Puppet Forge)

Puppet is widely used in environments requiring
continuous compliance enforcement, as it ensures systems
remain aligned with baseline configurations over time.
Comparative studies highlight Puppet’s strength in drift
remediation and long-term configuration stability [12], [13].

4.1.3. Chef

Chef provides infrastructure automation using a code-
driven approach, allowing system configurations to be
defined using Ruby-based scripts (cookbooks). Chef also
integrates with Chef InSpec, enabling compliance validation
alongside configuration enforcement.

Key benefits:

Strong support for compliance-as-code
Integration with DevOps workflows
Flexible scripting capabilities

Research demonstrates that Chef-based frameworks
enable organizations to integrate baseline enforcement with
automated compliance testing, improving audit readiness and
reducing manual verification efforts [5].

4.2. Windows-Specific Automation Technologies

4.2.1. PowerShell Desired State Configuration (DSC)
PowerShell DSC is a Microsoft-native configuration

management framework designed for Windows systems. It

uses a declarative model to define system states and ensures

that systems remain compliant with defined configurations.

Key capabilities:

Native integration with Windows environments
Automated drift detection and remediation
Compatibility with Azure Automation and cloud
services

Studies show that DSC is highly effective in enforcing
Microsoft security baselines and maintaining consistent
configurations across domain and non-domain systems [13].

4.2.2. Group Policy Objects (GPOs)

Group Policy Objects (GPOs) provide centralized
configuration management for domain-joined Windows
systems. Administrators can enforce security policies across
thousands of systems through Active Directory.

Advantages:

Centralized control and enforcement

Native support for Microsoft security baselines
Minimal additional infrastructure requirements
However, GPOs are limited to domain
environments and lack real-time compliance
visibility unless integrated with additional
monitoring tools.
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4.3. Compliance-as-Code Frameworks
4.3.1. Chef InSpec

Chef InSpec enables organizations to define compliance
policies as executable tests. These tests validate whether
systems adhere to security baselines such as CIS or STIG.

Key features:

Human-readable compliance definition

Integration with CI/CD pipelines

Automated reporting and audit evidence generation

Research indicates that compliance-as-code significantly
improves auditability and enables continuous validation of
security controls [5], [19].

4.4. Infrastructure-as-Code and Policy Enforcement

4.4.1. Terraform and Infrastructure-as-Code (1aC)
Infrastructure-as-Code (laC) tools such as Terraform

enable automated provisioning of infrastructure with built-in

security controls. By embedding baseline configurations into

provisioning templates, systems can be deployed in a

hardened state.

Key benefits:

Security enforcement during system provisioning
Reduced risk of deploying insecure systems
Integration with CI/CD pipelines

Studies show that integrating 1aC with security baselines
reduces misconfiguration risks and ensures consistent
deployment practices [17].

4.4.2. Policy-as-Code Frameworks

Policy-as-code frameworks such as Open Policy Agent
(OPA) and HashiCorp Sentinel allow organizations to define
and enforce security policies programmatically.

These frameworks enable:

Pre-deployment policy validation
Continuous enforcement of security rules
Centralized policy management
environments

. across

Research highlights that policy-as-code enhances
scalability and consistency in enforcing security baselines,
particularly in cloud-native environments [7], [20].

4.5. Integration with DevSecOps Pipelines

Modern security practices emphasize integrating
baseline enforcement into DevSecOps pipelines, enabling
continuous security validation throughout the system
lifecycle.

Key integration points include:

Provisioning stage: Apply hardened configurations
using laC and configuration management tools
CI/CD pipelines: Validate compliance using tools
such as InSpec
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Detect and remediate

e Runtime monitoring:

configuration drift

Studies demonstrate that integrating automation tools
with  DevSecOps workflows significantly improves
compliance rates and reduces security wvulnerabilities
introduced during deployment [14], [15].

4.6. Summary

Automation technologies provide the foundation for
scalable and consistent enforcement of security baselines.
Configuration management tools, compliance-as-code
frameworks, and infrastructure automation platforms
collectively enable organizations to transition from manual
hardening to continuous, automated security enforcement.

By integrating these technologies into DevSecOps pipelines,
organizations can achieve:

consistent baseline enforcement

continuous compliance monitoring

automated drift remediation

improved audit readines

These capabilities are essential for maintaining secure
configurations in modern, dynamic enterprise environments.

5. Proposed Automation-Driven Security
Baseline Architecture

To address the limitations identified in existing
approaches particularly the lack of cross-platform

enforcement and unified automation workflows this paper
proposes an  Automation-Driven  Security = Baseline
Architecture (ASBA) for Linux and Windows systems.

The proposed architecture integrates security baseline
frameworks, configuration management tools, compliance
validation mechanisms, and DevSecOps pipelines into a
unified system that enables continuous enforcement,
monitoring, and remediation of security configurations.

5.1. Design Objectives

The architecture is designed to meet the following
objectives:

Cross-Platform Compatibility: Support both Linux
and Windows environments using platform-
appropriate automation tools.

Scalability: Enable enforcement across large-scale
enterprise environments, including cloud and hybrid
infrastructures.

Automation and Repeatability: Eliminate manual
configuration through Infrastructure-as-Code (laC)
and configuration management.

Continuous Compliance: Ensure systems remain
aligned with baseline configurations through
continuous validation and remediation.

Auditability and Traceability: Provide version-
controlled policies and detailed logs for compliance
and auditing purposes.
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5.2. Architecture Overview

The proposed architecture consists of five core layers:
Baseline Definition Layer

Policy and Configuration Layer

Automation and Enforcement Layer
Validation and Compliance Layer
Monitoring and Remediation Layer

5.2.1. Baseline Definition Layer

This layer defines the security baselines using established
frameworks such as:

CIS Benchmarks

DISA STIGs

Microsoft Security Baselines

NIST and ISO controls

These baselines are translated into machine-readable
formats (e.g., YAML, JSON, SCAP), enabling integration
with automation tools.

Research indicates that standardizing baseline
definitions is essential for achieving consistent enforcement
and compliance across systems [1], [9].

5.2.2. Policy and Configuration Layer
In this layer, baseline configurations are codified into
policy-as-code and configuration-as-code artifacts.

Examples include:

Ansible playbooks for Linux hardening
PowerShell DSC configurations for Windows
Puppet manifests and Chef cookbooks
OPA/Sentinel policies for infrastructure validation

All  configurations are stored in version-controlled
repositories (e.g., Git), enabling:

change tracking

rollback capabilities

collaborative development

This approach aligns with the principles of security-as-
code, which enhances consistency and auditability [7], [8].

5.2.3. Automation and Enforcement Layer

This layer is responsible for applying baseline configurations
across systems using automation tools:

Ansible (agentless enforcement)

Puppet / Chef (continuous enforcement)

PowerShell DSC / GPO (Windows enforcement)
Terraform (secure infrastructure provisioning)

Automation can be triggered in multiple ways:
during system provisioning (laC pipelines)
through scheduled enforcement jobs
via event-driven triggers (e.g.,
changes)

o configuration
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Studies show that automated enforcement significantly
reduces configuration inconsistencies and improves
scalability in enterprise environments [6], [12].

5.2.4. Validation and Compliance Layer

This layer ensures that systems comply with defined
baselines using compliance-as-code tools, such as:

Chef InSpec

OpenSCAP

CIS-CAT

These tools perform automated checks against baseline
policies and generate:

compliance reports

audit evidence

remediation recommendations

Continuous validation is essential for detecting
configuration drift and ensuring ongoing compliance [19].

5.2.5. Monitoring and Remediation Layer
The final layer focuses on continuous monitoring and
automated remediation.

Key components include:

SIEM systems (e.g., Splunk, ELK) for logging and
alerting

Drift detection
Terraform plan)
Automated remediation workflows

tools Ansible dry-run,

(eg.,

When deviations from baseline configurations are detected:
Alerts are generated

Automated remediation scripts are triggered
Changes are logged for auditing

Research demonstrates that closed-loop remediation
systems significantly improve security posture and reduce
response times to configuration deviations [20].

5.3. Workflow of the Proposed Architecture

The architecture follows a continuous lifecycle:

Step 1: Baseline Selection: Select appropriate
frameworks (e.g., CIS Level 1, STIG).

Step 2: Policy Codification: Translate baseline
controls into automation scripts and policies.

Step 3: Deployment Apply configurations using
automation tools during provisioning.

Step 4: Continuous Validation Scan systems using
compliance-as-code tools.

Step 5: Drift Detection Identify deviations from
baseline configurations.

Step 6: Automated Remediation Reapply baseline
configurations or trigger corrective actions.

Step 7: Reporting and Auditing Generate
compliance reports and maintain audit logs.
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5.4. Integration with DevSecOps
The proposed architecture integrates seamlessly with
DevSecOps pipelines:

e Pre-deployment: Enforce policies using laC
validation
e Build phase: Validate configurations using

compliance tests

e Deployment phase: Apply hardened configurations
automatically

e  Post-deployment:
remediate drift

Continuously  monitor and

This integration ensures that security baselines are
enforced throughout the system lifecycle rather than as a
one-time activity.

Studies confirm that embedding security into
DevSecOps pipelines improves compliance, reduces
vulnerabilities, and enhances operational efficiency [14],
[15].

5.5. Advantages of the Proposed Architecture
The proposed architecture offers several advantages:
e Unified cross-platform approach for Linux and
Windows
e Scalable enforcement across hybrid and cloud
environments

e Continuous compliance through  automated
validation

e Reduced human error via automation

e Improved audit readiness with traceable

configurations

5.6. Summary

The Automation-Driven Security Baseline Architecture
provides a comprehensive and scalable framework for
enforcing security baselines in  modern enterprise
environments. By integrating baseline  frameworks,
automation tools, and DevSecOps practices, the architecture
addresses key challenges such as configuration drift,
scalability, and compliance enforcement.

This architecture forms the foundation for implementing
continuous, automated system hardening, enabling
organizations to maintain a consistent and secure operational
posture.

6. Implementation and Experimental
Evaluation
To validate the effectiveness of the proposed

Automation-Driven Security Baseline Architecture (ASBA),
a prototype implementation was developed and evaluated in
a hybrid enterprise environment consisting of both Linux and
Windows systems. The objective of this evaluation is to
assess the impact of automation on baseline compliance,
configuration drift reduction, and operational efficiency.

6.1. Experimental Setup
6.1.1. Environment Configuration
The experimental environment consists of:
e Linux Systems: Ubuntu 22.04 and Red Hat
Enterprise Linux (RHEL 8)
e Windows Systems: Windows Server 2019 and
Windows Server 2022
e Infrastructure: Hybrid setup (on-premises + cloud-
based virtual machines)
e Total Nodes: 50 systems (30 Linux, 20 Windows)

6.1.2. Tools and Technologies
The implementation utilized the following tools aligned with
the proposed architecture:
Table 2: DevOps Infrastructure Management and
Compliance Toolchain Overview

Component Tool
Configuration Ansible, PowerShell DSC
Management
Compliance Chef InSpec, OpenSCAP
Validation
Infrastructure Terraform
Provisioning
Policy Open Policy Agent (OPA)
Enforcement
Monitoring and ELK Stack (Elasticsearch, Logstash,
Logging Kibana)

6.1.3. Baseline Frameworks
The following baseline standards were applied:
e CIS Benchmarks (Level 1) for Linux and Windows
systems
e Selected DISA STIG controls for high-security
configurations
e  Microsoft Security Baselines for Windows systems

Baseline configurations were translated into automation
scripts and stored in a version-controlled repository.

6.2. Implementation Workflow
The implementation followed the architecture defined in
Section 5:
Provisioning Phase:

Terraform was used to deploy virtual machines with
predefined configurations.

Baseline Enforcement:
e Ansible playbooks applied
configurations on Linux systems
e PowerShell DSC enforced security policies on
Windows systems

CIS-based

Compliance Validation:
Chef InSpec and OpenSCAP were used to scan systems
against baseline configurations.

Drift Detection:
Periodic scans
configurations.

identified deviations from baseline




Automated Remediation:

Non-compliant

corrected using Ansible and DSC.

Monitoring and Reporting:
Logs and compliance reports were aggregated using the

ELK stack.

6.3. Evaluation Metrics
The system was evaluated using the following metrics:

configurations
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were automatically

Baseline Compliance Rate (%)
Configuration Drift Frequency
Mean Time to Remediation (MTTR)
Audit Preparation Time

These metrics are commonly used in evaluating security
automation effectiveness [17], [20].

6.4. Results and Analysis
6.4.1. Baseline Compliance Improvement
Table 3: Impact of Automation on Compliance Rate

6.4.4. Audit Efficiency
Table 6: Impact of Automation on Audit Preparation

Time
Metric Before After
Automation Automation
Audit Preparation 2-3 weeks 2-3 days
Time

Metric Before After
Automation Automation
Compliance 68% 96%
Rate

The results indicate a significant improvement in
compliance after automation. Automated enforcement
ensured consistent application of baseline configurations
across all systems.

This aligns with prior research showing that
configuration-as-code significantly improves compliance
consistency [6].

6.4.2. Configuration Drift Reduction
Table 4: Impact of Automation on Drift Incidents (Before

vs after)
Metric Before After
Automation | Automation
Drift Incidents (per month) 25 4

Automation reduced configuration drift by over 80%,
demonstrating the effectiveness of continuous enforcement
and validation mechanisms.

Studies confirm that automated drift detection and
remediation are critical for maintaining long-term security
posture [19].

6.4.3. Mean Time to Remediation (MTTR)
Table 5: Reduction in MTTR after Automation

Implementation

Before Automation | After Automation
48 hours < 2 hours

Metric
MTTR

Automated remediation significantly reduced response
time to configuration deviations. In many cases, remediation
occurred within minutes through scheduled automation tasks.
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Automated reporting and compliance validation reduced
audit preparation time by approximately 85%, improving
organizational readiness for compliance assessments.

6.5. Discussion

The experimental results demonstrate that automation-driven
baseline enforcement provides substantial benefits:

Improved consistency: Automated tools eliminate
variability in manual configurations
Reduced operational overhead:
intervention required for hardening
Faster remediation: Automated workflows reduce
response times

Enhanced auditability:  Continuous
simplifies compliance verification

Less manual

reporting

These findings are consistent with prior studies
emphasizing the importance of automation in achieving
scalable security and compliance [14], [15].

However, several challenges were observed:

Initial setup complexity and learning curve for
automation tools

Compatibility issues with legacy applications

Need for customization of baseline configurations

These challenges highlight the importance of proper
planning, testing, and incremental deployment.

6.6. Limitations

While the implementation demonstrates promising results,
the following limitations should be noted:

The experimental environment was limited to 50
systems

Results may vary in larger or more heterogeneous
environments

Some baseline configurations required manual
tuning to avoid operational disruption

Future work should include large-scale deployments and
performance benchmarking across diverse enterprise
environments.

6.7. Summary

The implementation and evaluation confirm that the
proposed architecture effectively improves:

baseline compliance

configuration consistency

operational efficiency

audit readiness
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Automation-driven baseline enforcement provides a
practical and scalable solution for securing Linux and
Windows systems in modern enterprise environments.

7. Challenges and Limitations

While automation-driven security baseline enforcement
offers significant advantages in improving consistency,
scalability, and compliance, its implementation in real-world
environments introduces several technical, operational, and
organizational challenges. This section discusses the key
limitations observed in both the literature and the
experimental evaluation.

7.1. Complexity of Implementation

One of the primary challenges in adopting automation-
driven baseline enforcement is the initial complexity of
implementation. Organizations must integrate multiple tools
including configuration management systems, compliance
frameworks, and infrastructure automation platforms into a
cohesive workflow.

This integration requires expertise in:

scripting and automation (e.g., Ansible, PowerShell,
Terraform)

security frameworks (e.g., CIS, STIG, NIST)
DevSecOps practices

Studies indicate that the lack of standardized integration
models often leads to fragmented implementations,
increasing operational overhead and deployment time [14],
[17]. Additionally, organizations transitioning from manual
processes may face a steep learning curve.

7.2. Compatibility with Legacy Systems

Legacy systems present a significant barrier to automated
hardening. Many older applications rely on:

outdated protocols

permissive configurations

deprecated services

Applying strict baseline configurations—particularly
those derived from DISA STIGs or CIS Level 2—can disrupt
application functionality. As a result, organizations must
balance security requirements with operational continuity.

Research highlights that exceptions and customizations
are often required, which can reduce the effectiveness of
standardized baselines [11], [19].

7.3. Tool Fragmentation and Heterogeneous Environments
Modern enterprise environments are highly heterogeneous,
consisting of:

Linux and Windows systems

cloud and on-premises infrastructure

containerized and virtualized workloads

Each platform often requires different automation tools and
frameworks, leading to tool fragmentation. For example:

e Ansible is commonly used for Linux
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PowerShell DSC and GPOs are used for Windows
Terraform and OPA are wused for cloud
environments

This diversity complicates the development of a unified
automation strategy. Studies suggest that while modular
approaches can mitigate this issue, they introduce additional
management complexity [12], [20].

7.4. Maintenance of Baseline Configurations

Security baselines are not static; they evolve over time in
response to:

emerging threats

newly discovered vulnerabilities

updates to security frameworks

Organizations must continuously update their baseline
configurations and automation scripts to remain aligned with
the latest standards. This requires:

monitoring updates from CIS, DISA, and vendors
testing changes in staging environments
maintaining  version  control  and
management processes

. change

Failure to maintain updated baselines can result in
outdated security controls and increased exposure to threats

13].

7.5. False Positives and Operational Impact

Automated compliance tools may generate false positives,
particularly when:
Baseline  rules
requirements
System configurations deviate intentionally for
business needs

. conflict  with

application

Overly strict enforcement can lead to:
Service disruptions

Degraded system performance
Increased operational friction

Research emphasizes the importance of context-aware
baseline customization to balance security and usability [18].

7.6. Scalability and Performance Considerations

While automation improves scalability, large-scale
deployments introduce performance challenges, including:
Increased resource consumption during compliance
scans

Network overhead from frequent configuration
enforcement

Delays in large distributed environments

Studies show that optimizing scan frequency and
leveraging distributed architectures can mitigate these issues,
but careful planning is required for enterprise-scale
implementations [20].
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7.7. Organizational and Cultural Barriers

Beyond technical challenges, organizational factors can
hinder adoption:

Resistance to change from traditional
administration practices
Lack of collaboration
operations teams
Insufficient training in automation and DevSecOps
methodologies

. system

between security and

Research on DevSecOps adoption highlights that
cultural transformation is as important as technical
implementation for achieving successful security automation
[14], [15].

7.8. Summary

Despite its clear advantages, automation-driven baseline
enforcement introduces challenges related to complexity,
compatibility, scalability, and organizational readiness.
Addressing these challenges requires:

Careful planning and phased implementationstrong
governance and change management

Continuous training and collaboration

By mitigating these limitations, organizations can fully
realize the benefits of automated security baseline
enforcement.

8. Future Trends and Research Directions

As enterprise infrastructure continues to evolve toward
cloud-native, distributed, and highly dynamic environments,
the concept of security baseline enforcement is undergoing
significant transformation. Traditional static configuration
models are being replaced by adaptive, automated, and
intelligence-driven approaches. This section explores
emerging trends and future research directions in
automation-driven security baselines.

8.1. Policy-as-Code and Unified Security Governance

The adoption of policy-as-code (PaC) is rapidly
transforming how organizations define and enforce security
controls. Frameworks such as Open Policy Agent (OPA) and
HashiCorp Sentinel enable security policies to be expressed
as code and enforced consistently across infrastructure,
applications, and pipelines.

Policy-as-code provides several advantages:

e Centralized and  version-controlled  policy
management

e Automated enforcement during infrastructure
provisioning

e Improved auditability through traceable policy
changes

Recent studies indicate that policy-as-code enables
organizations to achieve continuous compliance by
integrating security controls directly into DevSecOps
workflows [7], [8].
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Future research directions include:

Developing standardized policy models for cross-
platform enforcement

Integrating policy engines with legacy systems
Improving  interoperability ~ between  policy
frameworks

8.2. Al-Driven and Adaptive Security Baselines

Artificial Intelligence (Al) and Machine Learning (ML) are
emerging as powerful tools for enhancing security
automation. Al-driven systems can analyze:

Historical configuration data

System behavior patterns

Threat intelligence feeds

To dynamically adjust security baselines based on context.

For example, adaptive baselines may:

Recommend stricter controls for high-risk systems
Reduce false positives by learning normal system
behavior

Rrioritize remediation actions based on risk severity

Research in Al-enabled DevSecOps suggests that
intelligent automation can significantly improve decision-
making and reduce manual intervention in security
operations [16].

However, challenges remain in:

e Ensuring transparency and explainability of Al

decisions

e Preventing adversarial manipulation of learning
models

e Validating Al-driven configurations in critical
systems

8.3. Immutable Infrastructure and Pre-Hardened Images
The shift toward immutable infrastructure is redefining
how systems are managed and secured. In this model,
systems are not modified after deployment; instead, they are
replaced with new instances built from pre-hardened images.

Key practices include:

Using tools such as Packer to create hardened VM
and container images

Embedding CIS/STIG configurations into base
images

Rotating ~ images
configuration drift

regularly to  minimize

This approach eliminates many of the challenges
associated with post-deployment hardening and drift
management. Studies show that immutable infrastructure
significantly improves consistency and reduces attack
surfaces in cloud environments [17].

Future research can explore:
Automated validation of hardened images
Integration with container security frameworks
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e Performance trade-offs in large-scale deployments
8.4. Continuous Compliance and Self-Healing Systems

The concept of continuous compliance is evolving
toward self-healing security systems, where deviations from
baseline configurations are automatically detected and
corrected in real time.

Emerging approaches include:

Event-driven remediation using automation tools
Integration with SIEM and SOAR platforms
Real-time compliance dashboards

Self-healing systems can:

Automatically restore baseline configurations
Reduce mean time to remediation (MTTR)

Improve resilience against configuration-based
attacks

Research highlights that combining automation with
continuous monitoring enables organizations to maintain a
persistent security posture even in highly dynamic
environments [19], [20].

8.5. Integration with Zero Trust Architectures

Zero Trust Architecture (ZTA) is gaining prominence as
a security model that assumes no implicit trust within the
network. Security baselines play a critical role in supporting
Zero Trust by ensuring that systems meet strict configuration
requirements before being granted access.

Integration points include:

Enforcing baseline compliance as a prerequisite for
system access

Validating endpoint security posture continuously
Integrating baseline enforcement with identity and
access management (IAM) systems

Future research should explore how automated baseline
enforcement can be tightly coupled with Zero Trust
frameworks to provide context-aware access control and
continuous verification.

8.6. Standardization and Interoperability

A major challenge in current approaches is the lack of
standardization across tools and frameworks. Different
organizations use different combinations of:

CIS, STIG, and vendor baselines

Ansible, Puppet, Chef, and DSC

OPA, Sentinel, and custom policy engines

Future work should focus on:

Developing interoperable standards for baseline
definitions

Creating unified data
configurations

Enabling seamless integration across heterogeneous
environments

models for security
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Standardization will be critical for achieving scalable
and consistent security automation across industries.

8.7. Summary

The future of security baseline enforcement lies in
automation, intelligence, and integration. Emerging trends
such as policy-as-code, Al-driven baselines, immutable
infrastructure, and self-healing systems are transforming how
organizations approach system hardening.

These advancements will enable:

More adaptive and context-aware security controls
Reduced operational overhead

Improved resilience against evolving threats

However, further research is needed to address
challenges related to standardization, scalability, and trust in
automated systems.

9. Conclusion

Security baseline enforcement remains a fundamental
component of enterprise cybersecurity, particularly in
environments characterized by increasing scale, complexity,
and heterogeneity. Misconfigurations in operating systems
such as Linux and Windows continue to represent a
significant attack vector, necessitating consistent and reliable
hardening practices.

This paper examined the limitations of traditional
manual hardening approaches and demonstrated the critical
role of automation-driven security baseline enforcement in
addressing these challenges. By leveraging established
frameworks such as CIS Benchmarks, DISA STIGs, and
Microsoft Security Baselines, organizations can define
standardized security configurations that reduce attack
surfaces and align with regulatory requirements.

The study further explored the integration of
configuration management tools, compliance-as-code
frameworks, and Infrastructure-as-Code (1aC) technologies
to operationalize these baselines. Tools such as Ansible,
Puppet, Chef, and PowerShell DSC enable scalable and
repeatable enforcement, while validation tools such as Chef
InSpec and OpenSCAP provide continuous compliance
monitoring and audit support.

A key contribution of this paper is the proposed Automation-
Driven Security Baseline Architecture (ASBA), which
integrates baseline definition, policy codification, automated
enforcement, continuous validation, and remediation into a
unified  framework. The  experimental evaluation
demonstrated that this approach significantly improves:
Baseline compliance rates

Configuration consistency

Remediation time

Audit efficiency

[ ]
[ ]
[ ]
[ ]
These findings confirm that automation not only

enhances operational efficiency but also strengthens overall
security posture.
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Despite these benefits, challenges remain in areas such
as tool integration, legacy system compatibility, and ongoing
maintenance of baseline configurations. Addressing these
challenges requires a combination of technical solutions,
governance frameworks, and organizational transformation.

Looking forward, emerging trends such as policy-as-
code, Al-driven security baselines, immutable infrastructure,
and Zero Trust integration are expected to further advance
the field. These developments will enable more adaptive,
scalable, and intelligent approaches to system hardening.

In conclusion, automation-driven security baseline
enforcement is no longer optional it is a critical requirement
for modern cybersecurity strategies. Organizations that adopt
automated, policy-driven approaches will be better equipped
to maintain continuous compliance, reduce risk, and respond
effectively to evolving threats.
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