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Abstract

This manuscript introduces the Al-Augmented Safety Governance Model (AASGM), a socio-
technical framework that integrates artificial intelligence—enabled hazard-detection systems with
human oversight, organizational safety culture, and regulatory compliance structures. Building
on empirical findings from YOLO-based hazard detection across multiple industries, the model
conceptualizes how real-time detection technologies interact with human decision-making,
governance processes, and safety management systems. The AASGM positions artificial
intelligence as an augmentation layer within a broader socio-technical system, emphasizing
transparency, accountability, and human-centered implementation. The framework provides a
structured approach for organizations seeking to operationalize Al in occupational safety while
maintaining alignment with regulatory expectations and ethical considerations. The model
advances Safety 4.0 by bridging technical capabilities with governance and organizational
integration.
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1. Introduction

The integration of artificial intelligence (Al) into occupational safety systems represents a
significant shift from reactive hazard management toward proactive, real-time risk mitigation.
Traditional safety frameworks, which rely on manual inspections and retrospective incident
analysis, are increasingly inadequate in dynamic and high-risk environments (Nath et al., 2020;
OSHA, 2024).

Al-enabled hazard detection systems, particularly those based on computer vision technologies
such as YOLO, provide continuous monitoring and rapid identification of unsafe conditions.
These capabilities support earlier intervention and improved compliance with safety standards.
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However, integrating Al into safety systems poses complex challenges related to governance,
human oversight, and organizational alignment. While Al systems enhance detection
capabilities, their effectiveness depends on how they are embedded within socio-technical
systems that include human operators, organizational processes, and regulatory frameworks.

This paper addresses this gap by introducing the Al-Augmented Safety Governance Model
(AASGM), a framework that integrates Al technologies with human-centered safety practices
and governance structures.

Unlike existing Safety 4.0 frameworks that primarily emphasize automation, connectivity, or
technical system integration, the AASGM formalizes artificial intelligence as a governance-
centered augmentation layer embedded within socio-technical safety systems. The framework
uniquely integrates real-time hazard detection, human oversight, workforce interaction,
organizational governance, and regulatory alignment into a unified operational structure for
occupational safety environments.

This study contributes to a broader research program advancing the Al-Augmented Safety
Governance Model (AASGM) by formalizing a structured framework that integrates technical
performance, human factors, and organizational governance into a cohesive model for Al-
enabled safety systems. Building upon prior analyses of detection capability, workforce
interaction, and socio-technical integration, this research operationalizes these components into a
unified governance architecture. The proposed framework provides a systematic approach to
aligning Al-enabled hazard-detection systems with organizational decision-making processes,
regulatory requirements, and adaptive safety strategies in complex workplace environments.

This positioning extends beyond empirical integration to formalize how socio-technical systems
can be structured to support governance, regulatory alignment, and decision-making processes
through Al-enabled hazard detection.

This manuscript is part of the Shawe Series, a coordinated research program examining artificial
intelligence—enabled hazard detection, socio-technical safety integration, and governance
frameworks in regulated workplace environments. The series advances the Al-Augmented Safety
Governance Model (AASGM) as a unifying framework linking real-time detection technologies,
human oversight, regulatory compliance, and organizational decision-making.

2. Theoretical Foundations

2.1 Socio-Technical Systems Theory

Socio-technical systems theory emphasizes the interdependence of technical systems and human
actors within organizational environments (Carayon, 2006). Effective safety systems require
alignment between technological capabilities and human behavior.
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2.2 Human-Al Interaction

Human-Al interaction research highlights the importance of trust, transparency, and usability in
determining system adoption (Lee & See, 2004; Wickens et al., 2015). Al systems are most
effective when designed as decision-support tools rather than autonomous replacements.

2.3 Safety 4.0 Paradigm

Safety 4.0 integrates real-time data, automation, and human-centered design to enable proactive
safety management (Yousif et al., 2024). Al-enabled hazard detection systems are central to this
paradigm. These foundations align with broader governance and risk management frameworks
that emphasize structured oversight, accountability, and decision integration within complex
organizational systems (Kaplan & Mikes, 2012; Power, 2007).

3. Development of the AASGM Framework

The Al-Augmented Safety Governance Model (AASGM) is developed by integrating empirical
findings from prior analyses (Articles 1-3), socio-technical systems theory, human factors
research, and relevant regulatory frameworks. This multi-layered foundation enables the model
to capture the interaction between technological capability, human oversight, and organizational
governance. Within this structure, artificial intelligence is conceptualized as an augmentation
layer embedded within a broader safety governance system, supporting real-time hazard
detection while maintaining human accountability and regulatory alignment.

4. AASGM Framework Structure

To formalize the integration of artificial intelligence, human oversight, and governance
structures within occupational safety systems, Figure 1 presents the Al-Augmented Safety
Governance Model (AASGM). The model illustrates the interaction among real-time hazard-
detection technologies, human decision-making processes, organizational safety culture, and
regulatory compliance mechanisms within a unified socio-technical framework.

The AASGM provides a conceptual architecture for understanding how artificial intelligence,
human oversight, and governance mechanisms interact within occupational safety systems.

www.ijaemr.com Page 215




International Journal of Advanced Engineering and Management Research
Vol. 11, No. 03; 2026
ISSN: 2456-3676

Figure 1

Al-Augmented Safety Governance Model (AASGM)
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Note. Author created. The model illustrates the integration of artificial intelligence—enabled
hazard detection with human oversight, organizational safety practices, and regulatory
governance structures. Al functions as an augmentation layer within a socio-technical system,
supporting real-time hazard detection while maintaining human accountability and regulatory
alignment.

As illustrated in Figure 1, the AASGM conceptualizes Al-enabled hazard detection as a
component within a broader socio-technical governance system rather than as an independent
technological solution. The model demonstrates that effective safety outcomes emerge from the
interaction between technological capability, human oversight, organizational culture, and
regulatory alignment. This integrated structure reinforces the principle that artificial intelligence
enhances, but does not replace, human decision-making in safety-critical environments and
highlights the importance of governance mechanisms in translating Al-generated insights into
accountable safety decisions.
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5. Implications of the AASGM
5.1 Theoretical Implications

The AASGM extends socio-technical systems theory by incorporating Al as a formal component
of safety systems.

5.2 Practical Implications

Organizations can use the model to guide Al implementation while maintaining a safety culture
and compliance.

5.3 Policy Implications

The framework supports the development of regulatory guidelines for Al-enabled safety systems.
Beyond its conceptual structure, the Al-Augmented Safety Governance Model (AASGM) has
direct implications for organizational governance and decision-making. By integrating technical
detection capabilities, human factors, and socio-technical interactions into a unified framework,
the model provides organizations with a structured approach to translating Al-generated safety
data into actionable governance processes. This enables more effective oversight, supports
alignment with regulatory requirements, and facilitates the development of adaptive safety
strategies. The AASGM framework highlights the importance of coordinating technological
capability with human engagement and organizational structures, reinforcing the need for
governance systems that are both data-driven and contextually responsive within complex
operational environments.

5.4 Organizational Implementation Scenario

Consider a manufacturing organization implementing YOLO-based hazard-detection systems
across its production facilities, which have historically experienced high rates of PPE
noncompliance and equipment-related safety incidents. Within the AASGM framework, Al-
enabled monitoring systems function as real-time detection mechanisms that identify unsafe
conditions and generate immediate alerts for supervisors and safety personnel. Human oversight
remains central to decision-making, with managers reviewing Al-generated outputs before
initiating corrective actions or compliance interventions.

The framework further supports organizational governance by integrating detection data into
broader safety management processes, including incident-trend analysis, workforce training
initiatives, compliance audits, and executive-level risk reporting. Regulatory alignment is
maintained through transparency procedures, workforce communication protocols, and
documented human accountability structures. In this context, the AASGM enables organizations
to operationalize Al-assisted safety monitoring while maintaining human-centered governance
and adaptive risk-management practices.

www.ijaemr.com Page 217




International Journal of Advanced Engineering and Management Research
Vol. 11, No. 03; 2026
ISSN: 2456-3676

5.5 Implementation Challenges and Organizational Barriers

Despite the potential benefits of Al-enabled safety governance systems, organizations may
encounter significant implementation challenges. Workforce resistance to Al-assisted monitoring
may emerge when employees perceive automated systems as intrusive or overly surveillance-
oriented. Concerns related to privacy, trust, algorithmic transparency, and data reliability may
further affect workforce acceptance and organizational adoption.

In addition, variations in data quality, environmental conditions, and system calibration may
influence detection consistency and operational effectiveness across industries. Ethical
considerations related to accountability, decision-making authority, and the appropriate balance
between automation and human oversight also remain important governance concerns. The
AASGM framework addresses these challenges by emphasizing transparency, human-centered
implementation, and structured oversight mechanisms that maintain human accountability within
Al-enabled occupational safety systems.

Organizations implementing the AASGM may operationalize the framework through phased
integration strategies involving Al deployment, workforce training, governance alignment,
regulatory auditing, and continuous system evaluation.

6. Limitations

This study is subject to several limitations. First, the Al-Augmented Safety Governance Model
(AASGM) is a conceptual framework derived from integrating technical, human-centered, and
socio-technical analyses. It has not yet been empirically validated across diverse organizational
settings. Second, while the model provides a structured approach to governance integration,
variations in organizational structure, regulatory environments, and workforce characteristics
may influence its applicability and implementation. Third, the framework reflects current
technological and regulatory conditions, which are subject to rapid change as artificial
intelligence capabilities and policy landscapes evolve. Future research should focus on empirical
validation of the model, including case-based implementation, cross-sector testing, and
evaluation of its effectiveness in supporting organizational decision-making and regulatory
alignment.

7. Conclusion

The Al-Augmented Safety Governance Model provides a comprehensive framework for
integrating artificial intelligence into occupational safety systems. By aligning Al technologies
with human oversight, organizational practices, and regulatory structures, the model supports the
advancement of proactive safety systems and the broader Safety 4.0 paradigm.
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