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Real-time Object detection of Personal Protective Equipment in video Streaming Using Deep
Learning Technique
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Introduction
Safety of the worker during working hours become critical requirement over all kinds of projects, scaling from Small to mega size, companies and governments seeking to have safe workplace
environment for the workers, and this have benefit on both workers and projects owners as well, these projects have complex tasks to maintain safety adherence and compliance, different project
have different safety requirement, from complicated and simple workers-safety requirement, projects such as nuclear plants project, electricity main production stations, water desalination mega
stations, chemical industries, firefighting, and also construction or small workshops as in [1].
In our projects we will focus on construction and industrial sectors that are experiencing rapid growth worldwide, making safety a primary concern for business owners and regulatory bodies.
utilizing personal protective equipment (PPE) that can protect and avoid injuries and accidents to workers, also saving project budgets and company reputations, Workers in these sectors under
significant hazards that can lead to injuries and accidents.
To address these risks, numerous safety controls and protocols are implemented to ensure compliance with health and safety regulations across various workplace environments. Several factors
contribute to workplace accidents, including inadequate safety training, low awareness of safety measures, improper use of PPE, and insufficient presence of safety officers in hazardous areas.
Adhering to safety protocols and regulations can significantly reduce the risk of injuries, enhancing workplace safety and creating a better working environment. (OHSAS 18001 and ISO 45001 as in
[2]. Safety protocols typically include comprehensive training programs that cover safety rules, proper PPE usage, enforcement of PPE compliance, and periodic compliance checks. [1]

\_ W,
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The challenging in this task is that it is continuous and essential for protecting workers and minimizing the risk of injuries and accidents, mentioning key types of PPE are:
. Head Protection: Helmets, hard hats, and bump caps to protect against head injuries.

. Eye and Face Protection: Safety goggles, face shields, and glasses to protect against chemical splashes and flying particles.

. Hearing Protection: Earplugs and earmuffs to reduce exposure to harmful noise levels.

. Respiratory Protection: Masks and respirators to protect against inhaling hazardous substances.

. Hand Protection: Gloves to protect against cuts, abrasions, chemicals, and extreme temperatures.

. Body Protection: Protective clothing like lab coats, aprons, and coveralls to shield the body from chemicals, heat, and biological hazards.

. Foot Protection: Safety shoes and boots to protect against injuries from heavy objects and electrical hazards.

8. Fall Protection: Harnesses and lanyards to prevent falls from heights.

NOoOuUbhwNR

Here, we will focus on PPE usage compliance by workers before entering the workplace, by detecting the PPE seamlessly utilizing different techniques, where the main goal of detection is real-time and accurate, this will be utilizing object

detection multiple techniques [3].
o, - * -
Caanl) AlKEa Aaa

Problem Definition

The existing approach, to identifying breaches in using personal protective equipment involves manual checks and occasional audits. However, these methods fall short in safeguarding workers against accidents. Consequently, safety violations
are often detected belatedly resulting in delayed interventions and heightened risks that could endanger the wellbeing of employees. The absence of a time automated mechanism, for overseeing and ensuring safety adherence poses an

obstacle to the efficiency of established safety protocols.

The delay, in identifying and addressing safety breaches leads to an increase in workplace accidents, harm and deaths. These occurrences not impact the safety of workers. Also result in significant financial burdens for businesses, such, as

healthcare costs, legal responsibilities and reduces efficiency. Moreover, recurrent safety issues can damage a company’s image. Invite rigorous regulatory oversight. [4 to 8]

)
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1.1.1 Advantages of Real Time Automated PPE Detection

Improves Safety; Real time detection systems can quickly spot PPE violations enabling actions to prevent accidents and injuries.
Cost Efficiency; Automated systems lessen the need, for checks and inspections resulting in substantial cost savings over time.
Compliance Boost; Continuous monitoring ensures adherence to safety rules enhancing compliance rates.

Reputation Management; Effective safety practices uphold a company’s reputation and minimize the risk of fines.

1.1.2 Challenges of Real Time Automated PPE Detection

Initial Capital Investment; Setting up real time detection systems involves an investment in technology and infrastructure.
Technical Hurdles; Ensuring the precision and dependability of automated systems in settings can pose challenges.

Privacy Concerns; The use of surveillance technologies raises worries about worker privacy and data protection. — No data storage

The main objective is to create and implement a time automated system for monitoring PPE compliance. Such a system would improve worker safety cut costs and ensure adherence, to safety regulations ultimately fostering and more efficient
work environment.

1.2 Thesis Objectives
The objective is to improve workers safety by creating a real time PPE detection system that can utilize across various industrial environments ensuring adherence, to safety regulations and minimizing accident risks.

The main goal of this project is to create a learning model that can detect safety equipment, like helmets, vests, gloves, safety shoes and safety goggles in real-time by using different datasets. The model identifies these tools using object
detection algorithms.

This objective can be divided into the following sub goals;

Selecting and Implementing Algorithms; Apply the appropriate algorithms based on recent developments in object detection to identify safety equipment.

Evaluating Algorithms; Measure the performance of the chosen algorithms using metrics such as accuracy, precision and recall.

This project aims to build a real time system for detecting protective equipment (PPE) through deep learning methods. By utilizing algorithms, the system seeks to enhance safety compliance in settings.

)
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1.3 Thesis Contribution
The main focus of this thesis is suggesting a computer vision system that identifies Personal Protective Equipment (PPE) by utilizing the You Only Look Once (YOLO) algorithm. This study aims to improve safety adherence, in construction and
industrial settings by applying cutting edge deep learning methods to enforce PPE regulations. The achievements of this research encompass aspects, such, as;

1. YOLO Model for PPE Detection: This thesis proposes the use of YOLO to detect accuracy of PPE instances, addressing common challenges in real-world industrial settings.

2. Dataset Creation: A new dataset specifically for PPE detection, comprising 1400 PPE instances. This dataset includes various types of PPE such as helmets, safety goggles, vests, gloves, and safety shoes.The dataset serves as a valuable resource
for future research and development in this area.

3. Image Augmentation Techniques: The research introduces the use of the augmentation; Geometric Transformations, include Flipping, Rotation, Scaling, Translation. Also adding Noise to image and gray scale, that will enhance model detection
results, pictures count reaches 9000 after applying above augmentation.

4. Performance Evaluation and Benchmarking: The YOLO model was evaluated, achieving a mAP (mean Average Precision) of 98.4%, maintaining a real-time processing passes on computer performance. These metrics highlight the model's
effectiveness and suitability for real-time applications in industrial safety.

5. Comparative Analysis of Detection Methods: The thesis provides a comprehensive analysis of sensor-based and computer vision-based PPE detection methods. It highlights the limitations of traditional sensor-based approaches, such as high
cost and operational challenges, and demonstrates the advantages of computer vision techniques in terms of accuracy, scalability, and cost-effectiveness.

6. Practical Implications and Future Work: The research outlines practical implications for deploying a system in real-world industrial environments. It discusses the potential for integrating the system with existing safety protocols and provides
recommendations for future work, including the exploration of other deep learning models and expanding the dataset to include more diverse scenarios and PPE types.

)

www.midocean.ae



Aadia 43S
i 12

1.4 Thesis Organization

The thesis is divided into chapters each focusing on elements of studying the identification of Personal Protective Equipment (PPE) with computer vision methods, particularly the YOLO algorithm. The layout guarantees a progression from laying
out the background and purpose of the research to diving, into specifics, findings and conclusions.

Introduction

Starting with Background and Motivation Introducing the importance of PPE in ensuring workplace safety, challenges associates with traditional detection methods, and the need for advance computer vision solutions.

Then Problem Statement, clearly defines the research problem and the objectives of the study. Later, discuss the contributions of our Thesis, Summarizes the main contributions of the thesis, including YOLO model and a new dataset for PPE
detection, finally, thesis Organization shows an overview of the structure.

Literature Review

In this section, first we introduce of Personal Protective Equipment (PPE) and Safety at Work. The listing detection Techniques for PPE Using Sensors; Explores conventional approaches to identifying PPE, such as RFID, infrared and ultrasonic
sensors pointing out their constraints.

Then we mention the utilizing Computer Vision for PPE Detection; Looks into the advancements in computer vision methods for PPE detection with a focus on algorithms, like CNNs and YOLO.

Related work

In research there has been a focus, on using advanced deep learning methods, especially CNN based structures like YOLO to improve the real time detection of personal protective equipment (PPE) in different industrial settings. For instance,
these research findings collectively demonstrate the progress made in PPE detection through learning techniques with efforts are aiming at enhancing accuracy processing speed and practical applicability across various real-world scenarios.
Methodology

In this section we explain the way that we follow to achieve thesis objective, by suggesting YOLO Algorithm; thorough breakdown of the YOLO algorithm discussing its iterations and the progress made in each version.

Then discussing the structure of the Dataset; Describing how datasets are put together covering everything from gathering data to labeling and augmentation techniques.

Training and Assessment is the most technical part; Exploring into the training procedures assessment measurements (mean Average Precision, Average Precision) and capabilities, for real time processing.

Experimental Results and discussion

First assessing Performance; where we discussing the outcomes using the model. Following with result Examination; Digging into a review of how well the model performed, emphasizing enhancements in detecting personal protective
equipment instances.

Conclusion and future work

Key Discoveries Summary; Summarizes the discoveries of the study highlighting their significance for improving workplace safety. Listing some Industry Implications; Explores how the research findings can practically enhance safety adherence in
industrial and construction settings. Closing Thoughts; Offers reflections on the importance of the research and its potential for future progress, in the field.

References: Comprehensive list of all sources cited throughout the thesis, formatted according to the appropriate academic style.
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