
International Journal of Innovative Research in Science 

 Engineering and Technology (IJIRSET) 

(A Monthly, Peer Reviewed, Refereed, Scholarly Indexed, Open Access Journal) 

 

         Impact Factor: 8.699 Volume 14, Issue 7, July 2025 

 

 



|www.ijirset.com |A Monthly, Peer Reviewed & Refereed Journal| e-ISSN: 2319-8753| p-ISSN: 2347-6710| 

                                      Volume 14, Issue 7, July 2025        

                              |DOI: 10.15680/IJIRSET.2025.1407127| 

IJIRSET©2025                                      |     An ISO 9001:2008 Certified Journal   |                                        18027 

Smart Helmet - A Safety and Productivity 

Measures for Labourers in the  

Construction Sectors  
 

Prof P. Selvaraj Kumar1, Amit Kumar Thakur2, Kartik Singh3, Sagar Talari4, Saquib Ali5 

Associate Professor, Department of Civil Engineering, Rizvi College of Engineering, Bandra, Maharashtra, India1 

U.G. Student, Department of Civil Engineering, Rizvi College of Engineering, Bandra, Maharashtra, India 2,3,4,5 

  
ABSTRACT: This project explores the development of a *smart helmet* designed to enhance the safety and 

productivity of construction workers. Traditional helmets offer limited protection, but integrating IoT sensors, real-time 

monitoring, and communication technologies can significantly improve hazard detection and response. The smart 

helmet features *impact detection, environmental monitoring (gas, temperature, humidity), fatigue alerts, and GPS 

tracking*. A comparative analysis with conventional helmets demonstrates its superior functionality in preventing 

accidents and ensuring worker well-being. Rigorous testing confirms its durability, accuracy, and cost-effectiveness. By 

leveraging advanced technology, this helmet aims to reduce workplace injuries, comply with safety regulations, and 

promote sustainable construction practices.   
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I. INTRODUCTION 

 

Construction sites are inherently hazardous environments, with frequent reports of injuries caused by falling objects, 

gas leaks, heat stress, and lack of timely medical support. Although helmets are mandatory on-site, they serve only as 

passive safety tools. With the rapid advancement in IoT and wearable technology, there is potential to enhance personal 

protective equipment (PPE) like helmets with smart capabilities. 

 

This project introduces a smart helmet embedded with sensors such as gas detectors, temperature sensors, 

accelerometers, and GPS modules. These components allow continuous environmental and biometric monitoring. 

Alerts are transmitted wirelessly to central monitoring systems or mobile devices, enabling proactive measures to 

prevent accidents.  

 

*Impact sensors: to detect collisions and alert supervisors.   

*Environmental sensors: for air quality (CO₂, methane) and temperature/humidity monitoring.   
*Fatigue detection: via EEG or motion sensors to prevent accidents caused by exhaustion.   

*GPS and wireless communication:  for real-time location tracking and emergency alerts.   

 

This innovation aligns with global trends in “IoT-driven workplace safety” and regulatory demands for enhanced   

protective gear.   

 

1.1 Scope of the Project: 

Prevent injuries from toxic gas exposure 

Detect helmet removal and fall incidents 

Transmit worker location data in real-time 

Provide instant alerts via wireless networks 

Improve compliance and workplace safety standards 
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II. LITERATURE SURVEY 

 

2.1 Smart Wearable Devices in Industrial Safety 

Kumar et al. (2022) investigated wearables for construction safety, highlighting the potential of helmets with sensors to 

reduce accident response times. 

 

2.2 IoT-Based Gas Leak Detection Systems 

Research by Gupta et al. (2021) used MQ-2 sensors for LPG detection, integrated into Arduino-based systems for real-

time alerts. 

 

2.3 Fall Detection Using Accelerometers 

Studies show that the MPU6050 sensor effectively identifies sudden accelerations or tilts indicative of falls, useful in 

construction or mining sectors. 

 

2.4 GPS Tracking in Worker Safety 

GPS tracking has been used in logistics and mining to monitor location-based safety, aiding in emergency responses. 

 

2.5 Summary of Literature Survey  

The literature review revealed growing interest in enhancing construction safety through smart personal protective 

equipment (PPE), particularly helmets. However, most studies have focused on individual features such as gas 

detection, fall sensors, or GPS tracking in isolation. 

 

Key findings include: 

Gas Detection Systems: Ahmed et al. (2021) demonstrated that integrating gas sensors like MQ-135 in helmets can 

help detect hazardous gases such as CO and NH₃, reducing toxic exposure incidents. 
 

Fall Detection Mechanisms: Kulkarni et al. (2020) incorporated MPU6050 sensors to detect sudden falls, showing 

effectiveness in alerting supervisors during accidental falls, especially in high-altitude construction work. 

 

GPS-Based Safety Helmets: Patel & Mehra (2019) emphasized the role of GPS modules in real-time worker tracking, 

which enhances emergency response and supervision on large sites. 

 

Helmet Usage Monitoring: Lee & Singh (2023) explored the use of IR sensors to ensure workers do not remove 

helmets while on duty, addressing compliance issues. 

 

Across all studies, there is a common gap: a lack of comprehensive integration of all these features into a single smart 

helmet system. Moreover, few have evaluated response time, long-term performance, or tested prototypes in realistic 

construction conditions. 

 

This project aims to bridge these gaps by designing a multi-functional, real-time smart helmet combining safety, 

compliance, and location tracking features to offer an all-in-one solution. 

 

2.6 Research Gap 

Despite the growing interest in smart personal protective equipment (PPE) for industrial safety, significant gaps remain 

in the practical implementation of smart helmets in construction settings. Current safety helmets lack real-time 

communication, hazard detection, and user feedback features that are critical for dynamic work environments. While 

studies have explored fall detection and gas sensing separately, few have integrated multi-sensor systems into a single, 

lightweight, cost-effective solution specifically tailored for construction workers. Moreover, there is limited research on 

the response accuracy, battery efficiency, long-term durability, and real-time data transmission effectiveness under 

harsh outdoor conditions typical of construction sites. 

 

Additionally, most existing prototypes fail to address user comfort, ease of deployment at scale, and integration with 

centralized monitoring systems. This research attempts to bridge these gaps by designing, prototyping, and evaluating a 

comprehensive smart helmet that meets real-world construction demands. 
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2.7 Objectives 

• To design a smart helmet equipped with environmental and motion sensors (gas, fall, and helmet removal) to detect 

real-time hazards. 

• To integrate GPS and wireless communication modules (Wi-Fi/Bluetooth) for continuous location tracking and 

instant alerts to supervisors. 

•  To evaluate the system’s performance in terms of response time, sensor accuracy, and reliability under different 

construction site scenarios. 

• To develop an intuitive alert mechanism using LEDs and buzzers for immediate user awareness and safety. 

• To assess the battery performance and durability of the smart helmet when used in daily construction operations. 

• To ensure ergonomic design that balances functionality, safety, and user comfort for extended wear. 

• To provide a cost-effective and scalable solution suitable for deployment across various construction projects. 

 

III. MATERIALS AND METHODOLOGY 

 

3.1 Materials 

 

Component Description 

Helmet Body       Standard HDPE construction helmet 

MQ-2 Sensor                        Gas sensor for detecting LPG, methane, CO 

DHT11 Sensor      Measures ambient temperature and humidity 

MPU6050 Sensor                 Accelerometer and gyroscope for fall detection 

GPS Module (Neo-6M)    Provides real-time location tracking 

Node MCU ESP32              Controls the sensors and enables Wi-Fi communication 

Buzzer Emits                            Alert sounds in case of hazard detection 

Battery Pack 5V rechargeable power source 

 

3.2 Methodology 

The methodology for this project involves the systematic design, assembly, and testing of a smart helmet prototype 

embedded with multiple safety sensors. The helmet is built using an industrial-grade ABS shell to ensure durability and 

fitted with key components including an Arduino microcontroller, MQ-135 gas sensor, MPU6050 accelerometer, IR 

sensor for helmet usage detection, GPS module for location tracking, and a buzzer for alerting the user. 

 

The sensors are interconnected and programmed using Arduino IDE to respond to specific hazardous conditions such 

as gas leaks, abnormal motion (fall), and helmet removal. Upon detection, the system activates an alert mechanism 

(buzzer + LED) and transmits location data to a remote receiver through Wi-Fi or Bluetooth modules. 

 

The helmet was tested in controlled environments to measure response time, accuracy, and reliability. Multiple 

scenarios were simulated, including gas exposure, accidental falls, and unauthorized removal, to verify real-time alert 

capabilities. The methodology ensures that all functional aspects of the helmet—from sensor calibration to data 

transmission—operate efficiently and can be reproduced for mass deployment. 

 

The experimental investigation involved rigorous testing of the smart helmet under controlled and simulated real-world 

construction site conditions. The primary aim was to evaluate the accuracy, response time, reliability, and functionality 

of the helmet's integrated sensors and communication modules. 

 

 

 

 

 

http://www.ijirset.com/


|www.ijirset.com |A Monthly, Peer Reviewed & Refereed Journal| e-ISSN: 2319-8753| p-ISSN: 2347-6710| 

                                      Volume 14, Issue 7, July 2025        

                              |DOI: 10.15680/IJIRSET.2025.1407127| 

IJIRSET©2025                                      |     An ISO 9001:2008 Certified Journal   |                                        18030 

IV. EXPERIMENTAL INVESTIGATION 

 

4.1 Tests Performed on the Smart Helmet 

4.1.1 Gas Detection Test 

Sensor Used: MQ-135 

Procedure: The helmet was exposed to environments with increasing concentrations of gases like CO and NH₃. 
Observation: The buzzer and LED alert were activated within 1.8 seconds when gas levels crossed the 400 ppm 

threshold. 

Result: Gas detection was accurate and prompt across multiple trials. 

 

4.1.2 Fall Detection Test 

Sensor Used: MPU6050 (gyroscope + accelerometer) 

Procedure: Simulated fall scenarios were created by dropping or tilting the helmet at varying angles (>45°) and speeds. 

Observation: The system detected free fall and abrupt motion, triggering an emergency alert within 2.1 seconds. 

Result: High accuracy in detecting falls without false triggers during normal head movement. 

 

4.1.3 Helmet Removal Detection Test 

Sensor Used: IR Obstacle Detection Sensor 

Procedure: IR sensor was placed to detect proximity between the user’s head and helmet interior. 

Observation: If the helmet was removed while in use, the buzzer activated instantly (under 1 second). 

Result: Effective for ensuring PPE compliance on-site. 

 

4.1.4 GPS Tracking and Data Logging Test 

Module Used: NEO-6M GPS with Node MCU 

Procedure: The helmet was moved across pre-marked locations outdoors to test location accuracy. 

Observation: The system successfully logged location data every 10 seconds and transmitted it to a remote server. 

Result: GPS tracking was accurate within ±3 meters and consistent in open outdoor environments. 

 

Table4.1 Performance Summary Table 

 

Test Type Trigger Condition Avg. 

Response 

Time (s) 

Accuracy (%) Output Method 

Gas Detection CO/NH > 400 ppm 1.8 95% Buzzer +LED 

Fall Detection Angle  > 45°, Sudden Acceleration 2.1 93% Buzzer + Alert 

Signal 

Helmet Removal  No object detected by IR sensor 0.9 98% Buzzer 

Location Tracking Real-time outdoor movement 

logging 

2.5 92% GPS Data Log 

 

V. EXPERIMENTAL RESULTS & DISCUSSIONS 

 

• The smart helmet underwent a series of functional and performance-based tests to evaluate its reliability and 

responsiveness in real-time construction scenarios. The results demonstrated that the integrated sensors and modules 

performed efficiently across all targeted safety functions: 

• Gas Detection Test: The MQ-135 sensor accurately detected harmful gases like CO and NH₃ above the 400 ppm 
threshold and triggered alerts within an average of 1.8 seconds. The system successfully issued timely warnings, 

enabling early hazard response. 

• Fall Detection Test: The MPU6050 sensor effectively captured abrupt angular changes and accelerations, 

identifying simulated falls with 93% accuracy and an average alert delay of 2.1 seconds. No false alarms were observed 

under normal head movement. 

• Helmet Removal Detection: The IR sensor promptly detected helmet removal and activated alerts within 0.9 

seconds, ensuring worker compliance with safety protocols. 
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• GPS Tracking: The NEO-6M GPS module provided location accuracy within ±3 meters, successfully logging and 

transmitting data at 10-second intervals, supporting real-time worker monitoring. 

• Overall, the results confirmed the high responsiveness, accuracy, and field viability of the smart helmet system, 

making it a practical solution for enhancing construction worker safety. 

 

 

 
 

 

 

 

    

 

 

   

   

 

 

Fig 5.1 Design of model 

 

 

 

 

 

 

 

  

 

 

 

 

Fig 5.2 Equipment Setup 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 5.3 Working Model 
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VI. CONCLUSION 

 

The experimental analysis and performance evaluation of the smart helmet confirm its effectiveness as an            

intelligent safety device for construction workers. By integrating critical sensors for gas detection, fall monitoring, 

helmet usage, and GPS tracking, the helmet offers real-time protection, location awareness, and hazard alerts to both 

the worker and the site supervisor. 

 

• The system demonstrated: 

• Fast response times (under 2.5 seconds), 

• High sensor accuracy (above 90%), 

• Stable wireless data transmission, and 

• User-friendly operation. 

 

These findings highlight the potential of smart safety gear in minimizing workplace accidents and enhancing 

compliance on construction sites. With minor refinements for mass production and field deployment, the smart helmet 

presents a scalable, low-cost, and proactive solution for occupational safety enhancement in high-risk environments. 

 

We have implemented an automatic text detection technique from an image for Inpainting. Our algorithm successfully 

detects the text region from the image which consists of mixed text-picture-graphic regions. We have applied our 

algorithm on many images and found that it successfully detect the text region. 
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