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ABSTRACT: Workplace safety is essential in industries where hazardous conditions can lead to injuries and financial
losses. This work presents a machine learning-based system for assessing workplace incident severity using workplace
data and visual monitoring. The proposed system collects information from surveillance cameras, sensors, wearable
devices, and historical safety records. A Convolutional Neural Network (CNN) is used to detect unsafe worker
behavior, missing safety equipment, and hazardous conditions. The system classifies workplace conditions as safe or
unsafe and generates real-time alerts for timely action. Data preprocessing and feature extraction improve the
performance of the model. The framework supports continuous monitoring and enhances workplace safety compliance.
System performance is evaluated using accuracy, precision, recall, and F1-score. The proposed approach helps reduce
workplace accidents and improves safety through intelligent real-time monitoring.

KEYWORDS: Machine Learning, Workplace Safety, Convolutional Neural Network (CNN), Deep Learning, Risk
Assessment, Hazard Detection, Predictive Analytics, Industrial Safety, Computer Vision, Real-Time Monitoring.

I. INTRODUCTION

Workplace safety is an important concern in industries where hazardous conditions may lead to injuries, fatalities, and
financial losses. Traditional safety management relies on manual inspections, safety protocols, and historical incident
analysis, which are often reactive. Machine Learning (ML) provides an intelligent approach for analyzing workplace
data and identifying potential risks.

The proposed system uses data collected from surveillance cameras, sensors, wearable devices, and historical safety
records. A Convolutional Neural Network (CNN) is employed to analyze images and videos for detecting unsafe
worker behavior and missing safety equipment. The system classifies workplace conditions as safe or unsafe and
generates real-time alerts for immediate action. Data preprocessing improves the quality of the collected information
before analysis. The framework supports continuous monitoring and enhances workplace safety compliance. It can be
applied to industries such as manufacturing, construction, mining, and healthcare. The system improves safety
management by reducing workplace accidents through intelligent real-time monitoring.

II. LITERATURE REVIEW

Existing workplace safety systems mainly use machine learning techniques to predict workplace risks using historical
incident data, sensor-based monitoring, and rule-based anomaly detection. Commonly used algorithms include Logistic
Regression, Decision Trees, Random Forest, and Support Vector Machines (SVM). These approaches analyze
structured workplace data to identify potential safety risks and support decision-making. However, traditional machine
learning models have limitations in handling unstructured data such as images and videos. They also require large
amounts of labeled data, have limited real-time processing capability, and show poor adaptability in dynamic
workplace environments. To overcome these limitations, the proposed system adopts a Convolutional Neural Network
(CNN) for analyzing visual data and improving workplace safety assessment through real-time hazard detection.

II1. SYSTEM OVERVIEW

The proposed system is an intelligent workplace safety monitoring framework that uses machine learning techniques to
assess workplace incident severity. It collects data from surveillance cameras, sensors, and historical safety records to
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monitor workplace activities continuously. The collected data is preprocessed to improve its quality before analysis. A
Convolutional Neural Network (CNN) analyzes images and video streams to detect unsafe worker behavior, missing
safety equipment, and hazardous conditions. The system classifies workplace situations as safe or unsafe and generates
real-time alerts whenever safety violations are detected. It also maintains incident records and supports safety reporting
to improve workplace safety compliance and reduce accidents across different industrial environments.

System Overview: Machine Learning Based Workplace Incident Severity Assessment
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IV. METHODOLOGY

Data Collection
¢ Collect workplace data from surveillance cameras, sensors, wearable devices, and historical safety records.

Data Preprocessing

¢ Clean the collected data.

¢ Normalize the data.

¢ Extract important features for analysis.

Dataset Preparation
o Splitthe processed data into training and testing datasets.

Model Training
¢ Train the Convolutional Neural Network (CNN) using the training dataset.

Incident Detection
¢ Detect unsafe worker behavior, missing safety equipment, and hazardous workplace conditions.

Classification
¢ Classify workplace conditions as Safe or Unsafe. Real-Time Monitoring
¢ Continuously monitor workplace activities and analyze incoming data.
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Alert Generation
¢ Generate real-time alerts whenever unsafe conditions are detected.

Performance Evaluation
¢ Evaluate the system using Accuracy, Precision, Recall, and F1-Score.

V.SYSTEM ARCHITECTURE

The proposed system architecture is designed to assess workplace incident severity using machine learning techniques.
Initially, workplace data is collected from surveillance cameras, sensors, wearable devices, and historical safety
records. The collected data undergoes preprocessing, including data cleaning, normalization, and feature extraction, to
improve its quality for analysis. The processed dataset is then provided to the Convolutional Neural Network (CNN),
which is trained to identify unsafe worker behavior, missing safety equipment, and hazardous workplace conditions.
Based on the extracted features, the CNN model classifies workplace conditions as either Safe or Unsafe. Finally, the
system displays the prediction results and generates real-time safety alerts, enabling continuous workplace monitoring
and helping organizations take preventive actions to reduce accidents and improve overall safety.
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VI. MODULES

Data Collection Module

Collects workplace data from surveillance cameras, sensors, wearable devices, and historical safety records.

Data Preprocessing Module

Cleans the collected data, performs normalization, and extracts important features for accurate analysis.

CNN Training Module

Trains the Convolutional Neural Network (CNN) using the processed dataset to learn workplace safety patterns.

Incident Detection Module

Detects unsafe worker behavior, missing safety equipment, and hazardous workplace conditions.
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Safety Prediction Module
Classifies workplace conditions as Safe or Unsafe based on the trained CNN model.

Alert and Monitoring Module
Generates real-time safety alerts and continuously monitors workplace activities to support accident prevention.

SYSTEM MODULES

1. Data Collection Module
Collects workplace data from surveillance cameras,

0
(( )) % sensors, wearable devices, and historical
rﬁ\ safety records.

2. Data Preprocessing Module

o Cleans the collected data, performs normalization,
0 and extracts important features for
accurate analysis.

3. CNN Training Module

Trains the Convolutional Neural Network (CNN)
using the processed dataset to learn workplace
safety patterns.

v

4. Incident Detection Module

Detects unsafe worker behavior, missing safety
equipment, and hazardous workplace
conditions.

v

5. Safety Prediction Module

Classifies workplace conditions as Safe or Unsafe
based on the trained CNN model.

5

6. Alert & Monitoring Module

Generates real-time safety alerts and continuously
monitors workplace activities to support

accident prevention.

VII. IMPLEMENTATION AND DETAILS

Dataset Preparation
Workplace safety data is collected and organized for model training and testing.
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Data Preprocessing
The collected data is cleaned, normalized, and prepared for feature extraction.

Model Development
A Convolutional Neural Network (CNN) is developed to analyze workplace safety data and images.

Model Training
The CNN model is trained using the prepared training dataset to learn workplace safety patterns.

Prediction Process
The trained model predicts whether workplace conditions are Safe or Unsafe based on the input data.

Result Generation
The system displays prediction results along with the confidence level.

Alert Generation
Real-time alerts are generated whenever unsafe workplace conditions are detected.

Performance Evaluation
The system performance is evaluated using Accuracy, Precision, Recall, and F1-Score.

VIII. EXPERIMENTAL DETAILS AND RESULTS

Dataset
The system is trained and tested using the workplace safety dataset containing employee and workplace-related
features.

Machine Learning Models
CNN, Random Forest, Support Vector Machine (SVM), and Logistic Regression models are implemented for

performance comparison.

Performance Metrics
The models are evaluated using Accuracy, Precision, Recall, and F1-Score.

Experimental Environment
The implementation is carried out using Python with TensorFlow, Scikit-learn, Pandas, NumPy, and Flask.

Results
The CNN model achieved the highest performance among all models.
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EXPERIMENTAL DETAILS & RESULTS

n Dataset Machine Learning Models

CNN, Random Forest, Support Vector Machine
(SVM), and Logistic Regression models are
implemented for performance comparison.

B A K’ O

The system is trained and tested
using the workplace safety dataset
containing employee and
workplace-related features,
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The models are evaluated using The implementation is carried out using Python
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a Results a Observation

The CNN model achieved the highest performance among all models.

The CNN model provides better prediction accuracy
and effectively classifies workplace conditions

Model Accuracy (%) | Precision (%) | Recall (%) | F1-Score (%) as Safe or Unsafe, making it suitable for real-time
workplace safety monitoring.
CNN 96.00 95.40 95.80 95.60
i = 90% 85%
e 79%
Random Forest 90.00 89.10 89.30 89.20 7%
60
Logistic Regression 85.00 84.10 83.90 84.00 g 0
v
SVM 79.00 78.20 77.40 77.80 <2
0
CNN Random Logistic SV
Forest  Regression
IX. APPLICATIONS

Manufacturing Industries

Detects unsafe working conditions and improves worker safety.
Construction Sites

Identifies safety violations and hazardous activities in real time.
Mining Industries

Monitors high-risk environments to reduce workplace accidents.
Healthcare Facilities

Ensures staff safety by identifying unsafe workplace conditions.
Warehouses and Logistics

Monitors worker activities and equipment handling to prevent incidents.
Industrial Safety Monitoring

Supports continuous workplace monitoring and improves safety compliance.

X. LIMITATIONS

The system performance depends on the quality of the collected workplace data. Incorrect or incomplete data may
reduce prediction accuracy.

The CNN model requires sufficient training data for effective incident detection. Environmental factors such as poor
lighting or camera quality may affect image analysis. The system mainly focuses on visual and sensor-based workplace

safety monitoring.

Prediction accuracy may decrease when workplace conditions differ significantly from the training data.
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XI. FUTURE ENHANCEMENT

The system can be enhanced by using larger and more diverse workplace datasets to improve prediction accuracy.
Advanced deep learning models can be integrated for better incident detection and severity assessment.

The framework can be extended to support multiple industrial environments with different safety requirements.
Real-time monitoring can be improved by integrating additional IoT sensors and smart wearable devices.
The system can be upgraded to provide more accurate risk prediction and faster safety alerts.

Future versions can include automated safety reporting and decision-support features to further improve workplace
safety management.

XII. CONCLUSION

The proposed workplace incident severity assessment system demonstrates the effectiveness of machine learning in
improving workplace safety. By utilizing surveillance cameras, sensors, wearable devices, and historical safety records,
the system continuously monitors workplace conditions and identifies potential hazards. The Convolutional Neural
Network (CNN) accurately detects unsafe worker behavior, missing safety equipment, and hazardous situations. The
system classifies workplace conditions as Safe or Unsafe and generates real-time alerts to support timely intervention.
Experimental results show that the CNN model achieves better performance in terms of accuracy, precision, recall, and
Fl-score compared to other machine learning models. The proposed approach enhances workplace safety, supports
proactive risk management, and helps reduce workplace accidents through intelligent real-time monitoring.
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