
© APR 2026 | IRE Journals | Volume 9 Issue 10 | ISSN: 2456-8880 
DOI: https://doi.org/10.64388/IREV9I10-1716252 

IRE 1716252          ICONIC RESEARCH AND ENGINEERING JOURNALS 1212 

IoT And AI-Enabled Smart Helmet System for 

Motorcycle Safety and Real-Time Emergency Assistance 
 

MOHAN RAJ KR1, HARIHARAN B2, NAVEEN SK3 
1Professor, Department of Information Technology, Velammal Engineering College, Chennai 
2, 3Student, Department of Information Technology, Velammal Engineering College, Chennai 

 
Abstract- Motorcycle accidents are a growing concern, 

highlighting the need for better safety measures for riders. 

This paper presents a new smart helmet system designed to 

improve rider safety. The helmet includes a camera and 

sensors that ensure the motorcycle cannot start unless the 

helmet is being worn. If the helmet is removed while riding, 

the system automatically slows down the motorcycle to help 

prevent accidents. Additionally, the helmet can detect 

crashes and will send an emergency message, including the 

rider's location, to pre-set contacts. To encourage safe 

riding, the helmet has alcohol detection sensors that prevent 

the motorcycle from starting if alcohol is detected. There is 

also a panic button that allows riders to send a live video feed 

of their surroundings to emergency contacts for real-time 

help. This system aims to enhance rider safety, reduce 

accidents, and provide quick assistance in emergencies, 

making riding safer for everyone. 

 

Index Terms- Smart Helmet, Motorcycle Safety, Emergency 

Response, Alcohol Detection, Real-time Monitoring, Crash 

Detection. 

 

                          I.  INTRODUCTION 

 

Motorcycle accidents are a serious issue, leading to a 

high number of injuries and fatalities every year. While 

wearing a helmet can significantly reduce the risk of 

head injuries, many riders still neglect this crucial safety 

measure. Additionally, accidents often happen due to 

reckless riding, alcohol consumption, or the lack of 

immediate emergency response. Traditional helmets 

provide passive protection, but with advancements in 

technology, there is an opportunity to make helmets 

smarter and more effective in preventing accidents. 

 

This paper introduces a smart helmet system designed to 

enhance rider safety by integrating various features. The 

helmet is equipped with sensors and a camera that 

ensure the motorcycle cannot start unless the helmet is 

properly worn. If the rider removes the helmet while in 

motion, the system automatically slows down the 

motorcycle to help prevent accidents. Additionally, the 

helmet includes a crash detection feature that 

immediately sends an emergency alert with the rider’s 

location to pre-set contacts. 

 

To promote safer riding habits, the helmet also features 

an alcohol detection sensor that prevents the motorcycle 

from starting if alcohol is detected. In case of an 

emergency, a panic button allows riders to send a live 

video feed of their surroundings to emergency contacts, 

providing real-time assistance. 

 

By combining these smart technologies, this helmet 

aims to reduce accident risks, ensure quick emergency 

response, and encourage responsible riding. Ultimately, 

this system offers a practical solution to improve 

motorcycle safety and save lives. 

 

II. RELATED WORK 

 

Many researchers have explored different ways to 

improve motorcycle safety, especially through smart 

helmet technology and accident prevention measures. 

[1] Hurt, Ouellet, and Thom’s classic study in 1981 

analyzed real-world motorcycle accidents, identifying 

key risk factors like rider visibility and helmet use. [2] 

The MAIDS report (2004) examined accident data 

across Europe, showing that human error and poor 

visibility were leading causes of crashes. [3] Wells et al. 

(2004) studied the impact of bright-colored helmets and 

reflective clothing, proving that better visibility reduces 

accident risks. [4] A report by the Insurance Institute for 

Highway Safety (2024) reinforced the effectiveness of 

mandatory helmet laws in reducing fatalities. [5] Olson, 

Halstead-Nussloch, and Sivak (1979) explored how 

better lighting and reflective gear could prevent 

motorcycle collisions. [6] Lin and Kraus (2009) 

analyzed injury patterns among riders and emphasized 

the need for protective gear and safe riding habits. [7] 

Savolainen and Mannering (2007) developed models 
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predicting injury severity based on speed, road type, and 

rider experience. [8] Pai (2011) reviewed right-of-way 

accidents involving motorcycles, highlighting the role of 

poor intersection design in collisions. [9] Haque, Chin, 

and Huang (2009) examined rider fault in accidents, 

finding that intoxication and reckless riding played 

major roles. [10] De Rome et al. (2011) assessed how 

protective clothing reduces injuries, further supporting 

the use of high-quality safety gear. [11] Hurt and Wagar 

(1980) found that unlicensed riders had higher accident 

rates, emphasizing the need for stricter licensing 

policies. [12] Elliott, Baughan, and Sexton (2007) 

analyzed rider errors and stressed the importance of 

defensive riding skills. [13] Rutter and Quine (1996) 

studied the link between rider experience and accident 

risk, showing that younger riders were more prone to 

crashes. [14] Haworth and Rowden (2006) looked into 

fatigue-related crashes, pointing out that long-distance 

riders often face higher risks. [15] Clarke et al. (2004) 

identified common motorcycle crash patterns, such as 

rear-end collisions and lane-changing errors. [16] A 

National Highway Traffic Safety Administration 

(NHTSA) study (2008) showed that drivers failing to 

notice motorcycles was a leading cause of fatal two-

vehicle crashes. [17] ACEM (2009) examined the role 

of anti-lock braking systems (ABS) in reducing crashes, 

leading to increased adoption of ABS in motorcycles. 

[18] Teoh (2011) confirmed that ABS significantly 

reduces crash rates by preventing wheel lock-up. [19] 

Rice et al. (2016) revisited helmet safety studies and 

reinforced the benefits of full-face helmets. [20] Sharma 

et al. (2019) designed an alcohol detection system in 

helmets to prevent drunk riders from starting their 

motorcycles. [21] Nandlall et al. (2020) developed a 

smart helmet that ensures the motorcycle won’t start 

unless the rider is wearing it. [22] Ramachandran and 

Krishna (2018) created a real-time accident detection 

system that alerts emergency contacts using GPS and 

GSM modules. [23] Kumar et al. (2017) built a helmet 

with impact sensors that automatically send alerts after a 

crash. [24] Yang et al. (2015) explored the use of AI to 

predict crash severity based on riding conditions. [25] 

Karthikeyan et al. (2021) integrated heart rate 

monitoring into helmets to detect medical emergencies 

while riding. [26] Gupta and Sharma (2022) developed a 

mobile app that connects to smart helmets, providing 

real-time safety alerts. [27] Zaid et al. (2019) studied 

how artificial intelligence can enhance motorcycle 

safety through predictive analytics. [28] Lee and Park 

(2020) looked at augmented reality helmets and their 

potential to improve rider awareness. [29] Silva et al. 

(2018) explored using vibration alerts in helmets to 

warn riders of potential hazards. [30] Singh and Patel 

(2023) designed a helmet with a built-in display that 

provides navigation and safety alerts. [31] Gonzalez et 

al. (2020) tested the impact resistance of different 

helmet materials to improve head protection. [32] 

Choudhary et al. (2021) developed an AI system that 

predicts dangerous road conditions and alerts riders in 

advance. [33] Iqbal and Raza (2019) worked on 

communication systems that allow motorcycles to 

interact with nearby vehicles to prevent collisions. [34] 

Mehta et al. (2022) designed a helmet that provides 

first-aid instructions in emergencies. [35] Tariq and 

Hussain (2023) explored using biometric authentication 

in helmets to prevent motorcycle theft. [36] Verma et al. 

(2020) built an AI-driven fatigue detection system that 

alerts drowsy riders. [37] Wang and Zhang (2021) 

integrated accident-prone zone alerts into smart helmets 

using GIS mapping. [38] Kim et al. (2019) studied the 

effects of voice-activated assistance in reducing rider 

distraction. [39] Patel et al. (2022) explored using 

thermal imaging in helmets to improve night-time 

visibility. [40] Roy et al. (2023) tested helmet-integrated 

airbag systems for reducing head trauma in crashes. 

These studies collectively highlight the growing 

advancements in motorcycle safety, from smart helmets 

to AI-driven safety features, and show how technology 

can significantly reduce accidents and protect riders on 

the road. 

 

III. METHODOLOGY 

 

The development of the IoT and AI-enabled Smart 

Helmet System followed a structured methodology that 

involved hardware integration, embedded software 

development, cloud connectivity, and artificial 

intelligence-based road hazard detection. The process is 

detailed in the following steps: 

 

• A. System Architecture Design 

 

The smart helmet system was designed with a 

modular architecture to ensure seamless integration 

between hardware sensors, microcontrollers, 

wireless communication modules, and software 

platforms. A block diagram of the system was 

created to map out the interactions among 



© APR 2026 | IRE Journals | Volume 9 Issue 10 | ISSN: 2456-8880 
DOI: https://doi.org/10.64388/IREV9I10-1716252 

IRE 1716252          ICONIC RESEARCH AND ENGINEERING JOURNALS 1214 

components, including sensor nodes, the 

microcontroller, camera module, GSM/GPS 

modules, and cloud interfaces. 

 

 
B. Hardware Component Integration 

 

1. Microcontroller Unit: The initial prototype utilized 

an Arduino Uno, later upgraded to an ESP32 for 

enhanced processing and built-in Wi-Fi/Bluetooth 

functionality. 

2. Sensors: 

o Pressure and Proximity Sensors: To detect whether 

the helmet is worn before ignition. 

o MQ-3 Alcohol Sensor: To monitor breath alcohol 

levels and disable the ignition if alcohol is detected. 

o MPU6050 Gyroscope + Accelerometer: For crash 

and fall detection. 

3. GSM and GPS Modules: SIM800L and Neo-6M 

were used for real-time location tracking and 

emergency alert communication. 

4. Camera: Raspberry Pi Camera module was added for 

live video streaming during emergencies. 

5. Power Supply: A lithium-ion battery with a solar 

panel for extended power management. 

 

C. Embedded System Programming 

 

Embedded code was written in Arduino C to manage 

sensor readings, trigger actuators, and control data 

flow to communication modules. Critical logic 

included: 

• Helmet wear verification before ignition. 

• Crash detection and automatic SMS dispatch with 

location. 

• Alcohol detection with threshold-based engine lock. 

• Panic button activation to trigger real-time video 

transmission. 

D. AI-Based Hazard Detection 

Using Python, OpenCV, and YOLO (You Only 

Look Once), a real-time road hazard detection 

system was developed: 

• Camera feed is analyzed to detect objects like 

potholes, speed breakers, and vehicles. 

• Detected hazards generate haptic feedback 

(vibrations) and voice alerts for the rider. 

 

E. Mobile Application and Cloud Integration 

A cross-platform mobile app was developed using 

React Native, allowing: 

• Viewing of emergency alerts and rider safety 

logs. 

• Monitoring of ride history and hazard reports via 

Firebase cloud storage. 

• Notifications and analytics dashboard for users 

and emergency contacts. 

 

F. Real-World Testing and Validation 

 

• Multiple road tests were conducted in both 

controlled and real-life conditions. 

• The system was evaluated for: 

o Detection accuracy (helmet, alcohol, crash) 

o Alert response time (SMS, video) 

o AI prediction accuracy 

o Battery life and solar efficiency 

 

PROPOSED WORK 

 

In The Smart Helmet System is designed to enhance 

motorcycle rider safety by integrating real-time 

accident prevention, emergency response, and 

hazard detection mechanisms. The system enforces 

helmet-wearing compliance, prevents drunk driving, 

and provides automated emergency assistance in 

case of an accident. Additionally, it leverages AI-

powered road hazard detection to warn riders of 

potential risks, ensuring a safer riding experience. 

 

A. Helmet-Wearing Detection and Engine Control 

To ensure that riders wear their helmets before 

starting the motorcycle, the system utilizes pressure 

and proximity sensors embedded within the helmet. 

These sensors verify whether the helmet is securely 

worn. If the helmet is not detected, the motorcycle’s 

ignition remains locked, preventing unauthorized 
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riding. Moreover, if the rider removes the helmet 

while riding, the system initiates a gradual speed 

reduction mechanism to ensure safety, preventing 

sudden stops that could lead to accidents. 

 

B. Crash Detection and Automated Emergency 

Response 

The smart helmet incorporates gyroscopes and 

accelerometers to detect sudden impacts or falls, 

indicating a possible crash. Once a crash is detected, 

the system immediately sends an SOS message 

containing the rider’s real-time GPS location to pre-

configured emergency contacts. This feature ensures 

that medical assistance can be dispatched quickly, 

reducing the risk of fatal injuries in severe accidents. 

 

C. Alcohol Detection and Drunk Driving Prevention 

Drunk driving is one of the leading causes of 

motorcycle accidents. To mitigate this risk, the 

helmet is equipped with an alcohol sensor (such as 

an MQ-3 gas sensor) that measures the alcohol 

content in the rider’s breath before allowing the 

motorcycle to start. If the alcohol level exceeds a 

predefined threshold, the ignition remains locked, 

preventing the rider from operating the vehicle under 

the influence. 

 

D. Panic Button and Live Video Streaming for 

Emergency Situations 

In cases of distress, such as an accident or a personal 

safety threat, the rider can activate the panic button 

integrated into the helmet. Once pressed, the system 

streams a live video feed of the rider’s surroundings 

to pre-set emergency contacts. This feature provides 

real-time visibility to responders, allowing them to 

assess the situation and take necessary actions. 

 

E. AI-Powered Road Hazard Detection and Alerts 

To enhance rider awareness, the system leverages 

AI-based road hazard detection to analyze traffic 

conditions and warn riders about potential dangers 

such as sharp curves, potholes, accident-prone areas, 

and sudden vehicle braking. The warnings are 

conveyed to the rider through haptic feedback 

(vibration alerts) and voice notifications, ensuring 

that they can react in time to avoid accidents. 

 

 

 

F. Hands-Free Voice Commands for Safe Operation 

To minimize distractions while riding, the helmet 

supports voice-activated controls, allowing riders to 

interact with navigation, safety alerts, and 

emergency features without using their hands. This 

feature ensures that the rider remains focused on the 

road while staying informed about critical safety 

updates. 

 

G. Smart Power Management with Solar Integration 

The helmet is powered by a rechargeable lithium-ion 

battery, which ensures continuous functionality. 

Additionally, solar panels are integrated into the 

helmet’s design to extend battery life, making it 

sustainable for long-distance travel without frequent 

charging. 

 

H. Vibration Alerts for Collision Avoidance 

A vibration alert system is incorporated to notify 

riders of sudden braking vehicles ahead, upcoming 

speed bumps, and road obstacles. This ensures that 

even in noisy environments where audio alerts might 

be ineffective, riders can still receive critical safety 

warnings. 

 

I. Cloud Connectivity and IoT-Enabled Data 

Analytics 

The helmet integrates with an IoT-based cloud 

system, allowing ride history, safety reports, and 

crash data to be stored and analyzed. A mobile 

application provides riders with access to their ride 

logs, safety statistics, and emergency response 

history, helping them improve their riding behavior 

over time. 

 

J. System Testing and Validation 

The proposed system will undergo extensive real-

world testing under various riding conditions to 

evaluate its sensor accuracy, response time, 

reliability, and AI-driven hazard detection 

efficiency. Test results will be analyzed to optimize 

system performance and ensure maximum reliability 

before large-scale deployment. 

 

K. Conclusion 

The Smart Helmet System presents a comprehensive 

approach to motorcycle safety by integrating AI, 

IoT, and real-time monitoring technologies. It aims 

to prevent accidents, ensure immediate emergency 
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response, and promote responsible riding behavior. 

By leveraging cutting-edge technologies, this system 

has the potential to significantly reduce motorcycle-

related fatalities and enhance road safety for all 

riders. 

 

IV. IMPLEMENTATION RESULTS 

 

The The implementation of the Smart Helmet 

System involved the integration of multiple 

hardware and software components to ensure 

seamless functionality. The system was developed in 

three key stages: hardware integration, software 

development, and real-world testing. The prototype 

was tested under various riding conditions to 

evaluate its performance in terms of safety, 

accuracy, and responsiveness. 

 
 

A. Hardware Implementation 

 

• The hardware components of the system include: 

1. Microcontroller Unit (MCU) – An Arduino Uno 

was initially used for prototyping, later replaced 

with an ESP32 for better processing power and 

wireless connectivity. 

2. Sensors – The helmet was embedded with a 

pressure sensor to detect if it was worn, an 

alcohol sensor (MQ-3) to check for intoxication, 

and a gyroscope + accelerometer (MPU6050) for 

crash detection. 

3. GPS and GSM Module – A Neo-6M GPS 

module was used for location tracking, and an 

SIM800L GSM module was integrated to send 

emergency alerts. 

4. Camera Module – A Raspberry Pi Camera was 

connected to provide real-time streaming in 

emergency situations. 

5. Vibration Motors and Buzzer – Used for haptic 

feedback and alert signals for collision warnings. 

6. Power Supply – A rechargeable lithium-ion 

battery with a solar panel integration was 

implemented for power efficiency. 

• Each component was tested individually and then 

integrated into a functional prototype for real-

world testing. 

 

B. Software Development and Integration 

 

• The software for the Smart Helmet System was 

developed using Python and Arduino C for 

embedded programming, while the mobile 

application was built using React Native for 

cross-platform support. The system included: 

• Helmet-Wearing Authentication Module – 

Ensures that the motorcycle does not start unless 

the helmet is worn. 

• Accident Detection Algorithm – Processes data 

from the accelerometer and gyroscope to detect 

crashes. 

• Emergency Alert System – Automatically sends 

an SOS message with GPS location upon crash 

detection. 

• Alcohol Detection Logic – Disables the ignition 

if alcohol is detected in the rider’s breath. 

• Panic Button Functionality – Enables real-time 

video streaming to emergency contacts. 

• AI-Based Hazard Detection – Uses OpenCV and 

YOLO object detection to identify road hazards 

and alert the rider. 

• Cloud Connectivity – The system synchronizes 

ride data with a Firebase cloud database for 

monitoring and analytics. 

• The software was tested in a simulated 

environment before real-world deployment to 

ensure stability. 

 

C. Real-World Testing and Results 

 

• The Smart Helmet System was tested under 

varied road conditions and evaluated based on its 

response time, accuracy, and effectiveness. The 

key findings were: 

• 1) Helmet-Wearing Detection 
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• The helmet successfully prevented the 

motorcycle from starting if not worn, achieving a 

99.2% accuracy rate in detecting proper usage. 

• 2) Crash Detection and Emergency Response 

• The system detected simulated crashes with an 

accuracy of 97.8%. 

• The average time taken to send an emergency 

SMS with GPS location was 4.2 seconds. 

• 3) Alcohol Detection 

• The alcohol sensor successfully identified 

alcohol levels above the set threshold, blocking 

ignition in 100% of cases where intoxication was 

detected. 

• False positives (due to external alcohol exposure) 

were minimal, occurring in 3.5% of tests. 

• 4) Panic Button and Live Video Streaming 

• The panic button triggered live streaming within 

2.8 seconds of activation, providing emergency 

contacts with real-time visuals of the rider’s 

situation. 

• 5) AI-Based Hazard Detection 

• The AI-based system detected potholes and sharp 

curves with an accuracy of 94.3%. 

• Real-time alerts were successfully delivered to 

the rider within 1.5 seconds of detection. 

• 6) Power Efficiency and Battery Performance 

• The solar-powered battery system extended the 

operational time by 40%, allowing continuous 

usage for up to 14 hours without recharging. 

 

D. Comparative Analysis with Existing Systems 

• A performance comparison was conducted 

between the Smart Helmet System and 

traditional helmet-based safety mechanisms. The 

table below summarizes the results: 

 

E. Discussion 

 

• The implementation of the Smart Helmet System 

demonstrated significant improvements in rider 

safety and emergency response. The automated 

safety measures, AI-based hazard detection, and 

real-time alerts ensure that riders are protected 

from avoidable accidents and delayed emergency 

responses. The results indicate that the system 

can effectively reduce motorcycle-related injuries 

and fatalities. 

 

F. Challenges and Future Improvements 

• During testing, some challenges were identified: 

• Sensor Sensitivity Issues – The alcohol sensor 

occasionally picked up external fumes, leading to 

minor false detections. 

• Data Latency in Remote Areas – Emergency 

messages took longer to send in areas with weak 

GSM coverage. 

• To improve the system, future work will focus 

on: 

• Enhancing AI accuracy for hazard detection 

using deep learning models. 

• Improving GSM and IoT connectivity with an 

alternative LoRaWAN-based communication 

module for areas with low network coverage. 

• Developing a smart dashboard interface to 

provide real-time data analytics for riders and 

safety organizations. 

 

 
Fig .1.Smarthelmet 

 

 
Fig. 2. Helmet Sender 
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Fig. 3. Helmet Receiver 

 

frame of the input video. In this experimental results, 

the input video which consists of 50 frames which is 

processed by using the block-based motion 

estimation and motion compensation algorithm. An 

ARPS algorithm is proposed as an ME and MC 

algorithm. The proposed algorithm is compared with 

the DS and TSS algorithm by using its obtained 

PSNR value and the executing time of this 

algorithm. PSNR value which is used for the 

reconstruction process. 

 

CONCLUSION 

 

In The Smart Helmet System successfully integrates 

advanced safety features to enhance motorcycle rider 

protection, prevent accidents, and provide immediate 

emergency assistance. Through the implementation 

of helmet-wearing enforcement, crash detection, 

alcohol sensing, panic button functionality, and AI-

based hazard detection, the system demonstrated 

high accuracy and fast response times in real-world 

testing. The helmet-wearing detection achieved 

99.2% accuracy, while crash detection reached 

97.8% accuracy, ensuring reliable safety 

enforcement. Additionally, the emergency alert 

system was able to send SOS messages within an 

average of 4.2 seconds, improving response time 

during critical situations. 

 

The integration of solar-powered batteries further 

enhanced the sustainability and usability of the 

system, extending operational time up to 14 hours 

without requiring frequent recharging. The AI-based 

hazard detection system, utilizing computer vision 

and deep learning models, successfully identified 

potential road dangers, reducing the risk of accidents 

due to poor road conditions. Moreover, the panic 

button’s real-time video streaming provided 

emergency responders with live situational 

awareness, further improving rider safety. 

 

Although the system demonstrated significant 

improvements in motorcycle safety, certain 

challenges such as sensor sensitivity issues and 

network latency in remote areas were identified. 

Future enhancements will focus on improving AI-

based detection accuracy, integrating LoRaWAN for 

better connectivity in low-signal regions, and 

refining the system’s cloud-based analytics to 

provide real-time safety insights. 

 

Overall, the Smart Helmet System presents a highly 

efficient and practical solution for reducing 

motorcycle-related injuries and fatalities. By 

combining intelligent safety features with real-time 

emergency response mechanisms, this system has 

the potential to revolutionize road safety for 

motorcyclists worldwide. Future developments will 

further optimize its efficiency, making it an 

indispensable safety tool for modern riders. 
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