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ABSTRACT:

Industrial workplaces involve several safety risks, including unauthorized entry into restricted zones, improper use of personal protective equipment (PPE),
machinery-related hazards, and worker falls. Traditional safety monitoring methods often rely on manual inspection and passive surveillance, which may delay
hazard identification and emergency response. To address these challenges, this paper proposes SAFESHIELD, an Al-Based Industrial Safety Monitoring
System designed to improve workplace safety through real-time computer vision, intelligent hazard detection, and automated incident management. The system
uses YOLOV8 for person detection and image-processing techniques for PPE compliance monitoring. A temporal fall-detection mechanism analyzes worker posture
and movement to identify potential fall incidents, while restricted-zone monitoring helps detect unauthorized access to hazardous areas. In addition, an interactive
voice assistant provides safety information, and an Al Supervisor module summarizes related alerts to support faster decision-making. The system also maintains
incident records and generates safety audit reports to support monitoring and accountability. Human-in-the-loop safeguards ensure that critical machinery control
actions require supervisor confirmation. By integrating these features into a unified monitoring platform, SAFESHIELD aims to reduce response delays, improve
hazard awareness, and support a safer industrial working environment.
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Introduction:

Industrial safety is an essential aspect of modern manufacturing and industrial operations. Industrial environments involve various hazards, including
unauthorized entry into restricted areas, improper use of personal protective equipment (PPE), machinery-related accidents, and unexpected worker falls.
Traditional industrial safety practices mainly depend on manual inspections, human supervision, and conventional surveillance systems. These approaches
may not always identify hazardous situations immediately, potentially delaying emergency response and increasing the risk of workplace injuries.
Therefore, the integration of artificial intelligence and automated monitoring technologies can provide an effective approach to improving industrial
safety and hazard management.

With the advancement of Artificial Intelligence (Al), Machine Learning (ML), and computer vision, automated safety monitoring systems are becoming
increasingly useful in identifying unsafe conditions. Computer vision techniques enable the analysis of images and video streams to detect workers,
monitor their activities, and identify potential safety violations. Object detection models such as YOLOV8 can be used to identify people in surveillance
footage, while image-processing techniques can support personal protective equipment monitoring. Similarly, worker posture and movement analysis
can help identify potential fall incidents, and spatial monitoring techniques can detect unauthorized access to restricted industrial zones.

The proposed system, SAFESHIELD: Al-Based Industrial Safety Monitoring System, integrates multiple safety-monitoring capabilities into a unified
platform. It combines real-time person detection, PPE compliance monitoring, restricted-zone alerts, and worker fall detection to support continuous
workplace observation. An Al Supervisor module helps summarize and correlate related safety alerts, reducing the need for supervisors to examine
numerous individual notifications. In addition, an interactive voice assistant provides safety-related information, while incident management and
automated safety audit reports support documentation and review of detected events.

The system also incorporates a human-in-the-loop approach to industrial safety management. Although the voice assistant can provide information and
respond to safety-related queries, critical machinery-control actions require supervisor confirmation. This approach helps prevent unintended actions and
maintains human oversight over safety-critical operations. The system dashboard presents safety indicators, monitored industrial zones, environmental
sensor readings, and incident information to help supervisors understand the current safety situation.

The main objective of this research is to develop an integrated Al-based industrial safety platform that improves hazard identification, supports timely
incident response, and strengthens workplace safety monitoring. By combining computer vision, intelligent alert management, voice interaction, and
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automated reporting, SAFESHIELD aims to provide a practical solution for modern industrial environments. The proposed system can serve as a decision-
support tool for safety supervisors, helping them identify potential risks and take appropriate action to maintain a safer working environment.

Methodology:

With the advancement of artificial intelligence, computer vision, and sensor technologies, industrial safety monitoring systems are becoming more
efficient and automated. Modern industrial safety platforms can use surveillance cameras, environmental sensors, and intelligent software to identify
unsafe conditions and support timely responses. Various methods can be applied to detect workplace hazards, monitor worker activities, and improve
safety management. The proposed SAFESHIELD system integrates multiple monitoring techniques to identify potential hazards and provide safety-
related information to supervisors.

Computer Vision-Based Detection Method

Computer vision is an important technique for identifying people and analyzing activities in industrial environments. It processes images and video
streams obtained from surveillance cameras to identify workers and recognize potentially unsafe situations. Object detection models such as YOLOv8
can identify people in video frames, providing information that can be used for further safety analysis.

In the proposed system, computer vision supports worker detection and continuous visual monitoring. The detected information can be used to identify
potential safety violations and generate alerts. This approach reduces dependence on continuous manual observation and helps supervisors monitor
multiple areas more efficiently.

Personal Protective Equipment Detection Method

Personal protective equipment, including safety helmets and high-visibility vests, plays an important role in protecting industrial workers. Failure to use
the required equipment can increase the risk of workplace injuries.

The PPE monitoring component analyzes visual information to identify potential violations involving safety helmets and protective vests. Image-
processing techniques can be used to examine relevant regions of a detected worker and classify visible protective equipment. When a potential violation
is identified, the system generates an alert for further inspection and appropriate action by the safety supervisor.

Restricted-Zone Monitoring Method

Industrial facilities often contain hazardous areas, including machinery operating zones, chemical storage areas, and restricted production sections.
Unauthorized entry into these areas may expose workers to dangerous conditions.

The restricted-zone monitoring method uses worker detection and predefined spatial boundaries to identify potential unauthorized access. When a detected
worker enters a restricted area without the required authorization, the system generates an alert. This feature helps supervisors identify safety violations
and respond to potential hazards in a timely manner.

Worker Fall Detection Method

Worker falls are a significant safety concern in industrial environments, particularly in areas containing machinery or other hazardous equipment. Delayed
identification of a fall may prevent injured workers from receiving timely assistance.

The proposed system uses visual information to analyze worker posture and movement over multiple video frames. Changes in bounding-box dimensions,
body orientation, and movement patterns can help identify potential falls. A temporal verification mechanism can be used to evaluate whether the detected
posture persists before confirming an incident. Once a potential fall is confirmed, the system generates an alert to notify the supervisor and support
incident management.

Al-Based Supervisor Monitoring Method

Industrial surveillance systems can generate numerous alerts from different workers, cameras, and monitored zones. Managing these notifications
individually may increase the workload of safety supervisors and make it difficult to prioritize critical incidents.

The Al Supervisor module in SAFESHIELD helps summarize and correlate related safety events. It combines relevant alert information into a more
understandable briefing, enabling supervisors to review important incidents without examining every notification separately. This approach supports alert
prioritization, improves situational awareness, and assists decision-making during safety-related events.

Voice Assistant and Human-in-the-Loop Method

Voice interaction provides an additional way for supervisors to obtain safety information without navigating multiple dashboard sections. An interactive
voice assistant can respond to questions about the current safety status, detected incidents, and available sensor readings.

The proposed system incorporates human oversight for critical machinery-control operations. The voice assistant can provide information and guidance,
but safety-critical physical actions require supervisor confirmation. This human-in-the-loop approach helps prevent unintended machine operations and
maintains appropriate human control over critical industrial processes.
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Automated Incident Reporting Method

Accurate documentation is important for reviewing industrial safety events, identifying recurring hazards, and supporting workplace safety management.
Manual report preparation can require considerable time and may make it difficult to consolidate information from multiple sources.

SAFESHIELD includes an incident management and reporting component that organizes safety alerts, incident records, and related visual evidence. The
platform can generate structured safety audit reports containing relevant incident details and monitoring information. These reports help supervisors
review detected events, maintain records, and support subsequent safety assessments.

Algorithm: SAFESHIELD Industrial Safety Monitoring

The SAFESHIELD system begins by initializing the cameras, environmental sensors, database, and monitoring dashboard. While monitoring is active,
video frames and sensor readings are continuously collected. The YOLOv8 model detects workers in the captured frames, and the system checks personal
protective equipment (PPE) compliance, monitors restricted zones and unsafe proximity to machinery, and analyzes worker posture and movement to
identify potential falls. Detected hazards are evaluated and assigned appropriate severity levels according to predefined safety rules. When a hazard is
identified, the system generates an alert, updates the incident status, and forwards relevant information to the Al Supervisor module for summarization.
The dashboard displays active alerts, monitored-zone conditions, and available environmental readings. The voice assistant processes supported safety-
related queries, while critical machinery-control actions require supervisor confirmation. Finally, incident details are stored for record keeping and safety
audit report generation. This process continues until monitoring is stopped, after which the system releases its resources.

Integrated Industrial Safety Monitoring

The proposed system combines computer vision, PPE monitoring, restricted-zone detection, fall detection, Al-based alert summarization, voice
interaction, and automated reporting within a unified platform. The dashboard provides an overview of safety indicators, monitored zones, environmental
readings, and active incidents.

By integrating these methods, SAFESHIELD aims to support continuous industrial safety monitoring and improve the identification and management of
workplace hazards. The system is intended to assist safety supervisors in making informed decisions and responding appropriately to potentially dangerous
situations.

Objective:

1. Todevelop a real-time worker detection and tracking system using YOLOvV8 and Byte Track.
2. To detect PPE violations, worker falls, and unauthorized entry into restricted zones.
3. To calculate a Plant Safety Score and assess workplace risks using detected safety incidents.

4.  To evaluate the system by generating real-time alerts, storing incident evidence, and producing safety reports through an interactive
dashboard and Voice Al assistant.

Results

The proposed SAFESHIELD system integrates artificial intelligence, computer vision, real-time alert generation, and automated incident management to
support industrial safety monitoring. The developed platform provides a centralized dashboard for observing safety conditions, identifying potential
hazards, and reviewing incident information. The system incorporates worker detection, personal protective equipment (PPE) monitoring, restricted-zone
detection, fall detection, voice assistance, and Al-based supervisor updates.

The computer vision component uses YOLOV8 for person detection, while image-processing techniques support the identification of potential PPE
violations. The system generates alerts when unsafe conditions, such as missing protective equipment or unauthorized entry into restricted zones, are
detected. The fall-detection component analyzes worker posture and movement across multiple frames to identify potential fall incidents and notify the
supervisor.

The Al Supervisor module organizes related alerts and provides summarized safety information to assist supervisors in understanding incident context.
The interactive voice assistant allows users to request safety-related information, including plant status and available sensor readings. Human-in-the-loop
safeguards ensure that critical machinery-control actions require supervisor confirmation.

The dashboard presents safety indicators, monitored industrial zones, environmental sensor readings, and active incident information. The incident
management component maintains records of detected events and supports the generation of safety audit reports containing relevant incident details and
visual evidence. These functions provide a unified interface for monitoring workplace conditions and reviewing safety events.
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Table 1 : Features of the proposed SAFESHIELD system

S. No Feature Description

1 Person Detection Identifies workers using YOLOVS.

2 PPE Detection Monitors safety helmets and protective vests.

3 Restricted-Zone Monitoring Detects potential unauthorized entry into restricted areas.

4 Fall Detection Analyzes worker posture and movement to identify potential falls.

5 Al Supervisor Summarizes and correlates related safety alerts.

6 Voice Assistant Provides safety information through voice interaction.

7 Real-Time Dashboard Displays safety indicators, monitored zones, and active incidents.

8 Incident Management Maintains incident records and supports safety audit report generation.
9 Human-in-the-Loop Control Requires supervisor confirmation for critical machinery-control actions.

Visualization of Industrial Safety Events

The proposed dashboard can use an Alluvial Flow Diagram, also known as a Sankey-style flow visualization, to represent the progression of safety events
from hazard detection through zone classification and supervisor review. The visualization can help explain how detected events are categorized and
routed for acknowledgment or escalation.

A Concentric Polar Radial Bar visualization can complement the flow diagram by presenting multiple levels of hazard severity around a central plant
safety indicator. Different radial levels can represent normal conditions, warnings, high-risk events, and critical incidents. Together, these visualizations
can help supervisors interpret incident distribution and overall safety status.
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Fig. 2. SAFESHIELD Real-Time Industrial Safety Monitoring Dashboard with Al Supervisor, Live Incident Alerts, and Environmental
Telemetry

Figure 2 illustrates the SAFESHIELD industrial safety monitoring dashboard, which provides a centralized interface for monitoring industrial hazards
and reviewing safety-related information. The dashboard integrates Al Supervisor Synthesis, live incident alerts, facility monitored zones, and
environmental telemetry into a single interface.

The Al Supervisor Synthesis module provides an executive briefing by summarizing high-priority safety events. This feature is designed to help
supervisors understand important incidents without manually reviewing every individual notification. The Live Incident Alerts section displays detected
events, including worker falls and restricted-zone violations, along with their severity levels, worker identification, and acknowledgment status.
Supervisors can acknowledge alerts and create incident records for further investigation.

The Facility Monitored Zones section presents four monitored areas: Main Assembly Floor, Machine Area 2, Chemical Storage Area, and Chemical Area
2 / Machine Area. Each zone displays its assigned hazard level and required personal protective equipment (PPE). This information helps supervisors
identify areas that require additional attention.

The Environmental Telemetry section displays carbon monoxide concentration, ambient temperature, and acoustic noise level. In the illustrated
dashboard, the displayed readings are 55.0 ppm for carbon monoxide, 23.8°C for ambient temperature, and 68.2 dB for acoustic noise. These values are
example readings shown in the screenshot and should not be interpreted as independently validated sensor measurements.

The dashboard also provides a Voice Al interface for accessing safety information through voice interaction. By combining incident notifications, zone
monitoring, environmental readings, and supervisor assistance, SAFESHIELD provides a unified view of industrial safety conditions and supports
informed safety-related decision-making.

Discussion

The integrated design of SAFESHIELD combines several industrial safety functions within a single monitoring platform. Rather than treating each alert
as an isolated event, the Al Supervisor module is designed to correlate related notifications and provide concise summaries. Voice interaction provides
an additional method of accessing safety information, while automated reporting supports incident documentation and review.

The effectiveness of the system depends on the reliability of person detection, PPE classification, fall verification, sensor readings, and alert generation
under different operating conditions. Further evaluation should measure detection precision, recall, F1-score, response latency, false-alarm rate, and
processing speed. These measurements are necessary to quantify system performance and determine its suitability for practical industrial deployment.

Conclusion

The proposed SAFESHIELD system provides an integrated approach to industrial safety monitoring by combining artificial intelligence, computer vision,
and automated incident management. The system is designed to identify potential workplace hazards, including unauthorized entry into restricted zones,
improper use of personal protective equipment (PPE), and worker falls. By integrating these features into a centralized platform, SAFESHIELD aims to
improve hazard awareness and support timely safety-related decision-making.

The system incorporates YOLOv8-based person detection, visual safety monitoring, an Al Supervisor module, and an interactive voice assistant. The Al
Supervisor helps summarize related safety alerts, while the voice assistant enables users to access safety information through voice interaction. The
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dashboard displays safety indicators, environmental sensor readings, and incident details. In addition, automated safety audit reports support incident
documentation and review. Human-in-the-loop safeguards ensure that critical machinery-control actions require supervisor confirmation.

SAFESHIELD is designed to reduce dependence on continuous manual observation and help supervisors manage multiple safety events through a unified
interface. Its modular architecture provides opportunities for future enhancement, including improved PPE recognition, more reliable fall detection,
integration with additional industrial sensors, and expanded analytics for identifying recurring safety risks.

In conclusion, the proposed system demonstrates an integrated design for Al-assisted industrial safety monitoring and incident management. Further
testing in real industrial environments is required to evaluate detection accuracy, false-alarm rates, response time, and overall reliability. With appropriate
validation and improvements, SAFESHIELD has the potential to support safer industrial operations and more effective workplace hazard management.
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