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Abstract: Driving while intoxicated, speeding, and not wearing a helmet are the main causes 

of the rising incidence of two-wheeler collisions. This research suggests an intelligent smart 

helmet system that uses automated control mechanisms and real-time monitoring to improve 

rider safety in order to address these problems. A GPS module, GSM module, alcohol sensor, 

vibration sensor, and relay module are among the essential parts of the system, which is based 

on the ESP32 microcontroller. It makes sure the rider is wearing the helmet and keeps an eye 

on their blood alcohol content; if it is found to be higher than a safe threshold, the relay 

mechanism stops the engine from starting. Furthermore, the technology immediately sends 

emergency notifications and accurate GPS positions to designated contacts via GSM when the 

vibration sensor detects abrupt collisions or accidents. This comprehensive technology lowers 

the severity of accidents and increases overall road safety by enforcing safe driving practices 

and facilitating quick emergency response. 

 

 

 

I.INTRODUCTION 

 Two-wheeler-related traffic accidents are now a serious global public safety concern. Compared to other vehicles, 

motorcyclists are especially susceptible because they lack protective structures. Even though helmet use is required in many 

nations, motorcycle accidents continue to result in an increasing number of fatalities. The World Health Organization states 

that wearing a helmet in a motorcycle accident can lower the risk of death by over 39% and the risk of serious head injury by 

around 72%. However, a lot of accident victims still die as a result of delayed notification of emergency services following 

an incident. Accidents frequently occur in remote locations without access to emergency assistance.  

Medical response times may be delayed if victims lose consciousness and are unable to cry for help. An intelligent 

system that can automatically identify accidents and alert emergency contacts without human interaction is therefore required. 

Smart safety devices are now possible because of recent developments in embedded systems and sensor technologies. The 

Smart Helmet system, which combines electronic sensors and communication modules with a conventional helmet to improve 

rider safety, is one such innovation. The goal of the suggested system is to identify collisions and promptly notify pre-

specified contacts of the rider's whereabouts. 

This project uses the ESP32 as the primary processor unit to construct a Smart Helmet Accident Detection System. 

An accelerometer sensor is used by the system to track abrupt changes in velocity or impact that could signal a collision. 

When an accident is detected, the system uses a GPS module to determine the location and a communication module to send 

an alert message to emergency contacts. This makes it possible to locate the accident site quickly and facilitates the delivery 

of medical aid more quickly. This project's main goal is to increase motorcycle riders' safety by incorporating real-time alarm 

systems and accident detection into helmets. The proposed Smart Helmet seeks to improve the likelihood of saving lives 

during accidents by utilizing sensor technologies, wireless connections, and embedded systems. 

 

II.COMPONENTS 

2.1 Microcontroller (ESP32) 

  As the system's central controller, the ESP32 gathers and processes data in real time from every sensor. It applies 

accident detection logic, verifies safety circumstances, including the presence of alcohol and the use of helmets, and 

eliminates false triggers. When a crucial event is detected, it gets the GPS location, sends notifications via the GSM module, 

and controls the relay to regulate the vehicle's ignition. 
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Fig.1 ESP32 Micro Controller 

 

2.2 DC Motor 

 In order to show controlled vehicle ignition, the prototype's DC motor serves as a model for a motorbike engine. It 

is connected to the ESP32 by a motor driver or relay, which enables the controller to control how it operates. The motor 

rotates and simulates an engine start when the ESP32 provides electricity to it after the system verifies that the helmet is 

donned. The ESP32 limits the power supply and keeps the motor in the off position if the helmet is not recognized. 

 

 
Fig.2 DC Motor with Wheel 

 

2.3 Voltage Regulator (Buck Converter) 

 All of the system's electronic components receive a steady and controlled power supply thanks to the voltage 

regulator. It transforms the power source's input voltage into a steady level needed for sensors, communication modules, and 

devices like the ESP32. By keeping the voltage constant, it shields parts from variations and guarantees the system's 

dependable and secure operation. 

 

 
Fig.3 Voltage Regulator 

 

2.4 Relay Module 

The relay serves as an electrically operated switch, allowing the ESP32 to regulate the motor's functioning. In order 

to ensure safe and controlled operation, it receives signals from the ESP32 to turn the motor circuit ON or OFF depending 

on system conditions, such as during an accident or emergency. 

 

 
Fig.4 Relay Module  
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2.5 Buzzer 

In hazardous situations, the buzzer serves as the system's alerting device, giving the rider audible input. In order to 

ensure prompt attention and encourage safe operation, it is triggered by the ESP32 to alert the user when the helmet is not 

worn, alcohol is detected, or any unusual occurrence, such as a possible accident, occurs. 

 

 
Fig.5 Buzzer 

 

2.6  GSM Module (SIM800L) 

SMS notifications are sent to designated emergency contacts via the GSM module (SIM800L). It works by getting 

GPS coordinates and accident-related data from the ESP32, which it then sends as a text message over the cellular network 

to facilitate rapid communication in an emergency. 

 

 
Fig.6 SIM800L GSM Module 

 

2.7 GPS Module (NEO-6M) 

The rider's current location is provided via the GPS module (NEO-6M). In order to calculate the exact latitude and 

longitude coordinates, it receives signals from GPS satellites and transmits them to the ESP32. The precise location of the 

rider during an accident is determined with the use of this location data in emergency warnings. 

 

 
Fig.7 NEO-6M GPS Module 

 

2.8  Sensors  

 By detecting both linear acceleration and angular velocity over three axes, the MPU6050 sensor plays a crucial part 

in accident detection, allowing the ESP32 to precisely detect abrupt impacts, falls, or unusual helmet movements. When 

compared to single-sensor systems, this increases accident detection reliability. By sensing closeness inside the helmet, the 

IR sensor makes sure the rider is wearing it correctly. Based on this input, the ESP32 either permits or prohibits vehicle 

activation. By identifying the amount of alcohol in the rider's breath through variations in sensor resistance, the MQ-3 alcohol 

sensor improves rider safety. The ESP32 stops engine ignition and can send out notifications if the measured value is higher 

than a predetermined safe level. These sensors work together to provide an intelligent, integrated safety system that 

encourages safe driving and lowers the likelihood of collisions. 
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(a)  (b)  (c) 

Fig.8 Sensors (a) MPU6050 Gyroscope and Accelerometer Sensor, (b) IR Sensor, (c) MQ-3 Alcohol Sensor 

 

III.METHODOLOGY 

 By automatically identifying collisions and sending out real-time emergency alerts with accurate location data, the 

proposed Smart Helmet Accident Detection System aims to improve rider safety. The ESP32 microcontroller, which 

integrates sensor data gathering, decision-making, and communication functions, is the central component of the system 

design. The helmet has an integrated accelerometer sensor (ADXL345) to track acceleration in the X, Y, and Z directions 

constantly. In order to detect unusual motion patterns linked to collisions, the ESP32 continuously captures this data and 

analyzes it in real time. When the resulting acceleration magnitude (ATotal) is greater than certain threshold limits established 

through experimental calibration, the detection algorithm qualifies the incident as potentially dangerous.  

𝐴𝑇𝑜𝑡𝑎𝑙 = √𝑋2 + 𝑌2 + 𝑍2 

 To reduce false positives brought on by typical riding circumstances like abrupt braking or abnormalities in the 

road, additional filtering techniques are applied. After detecting an accident, the ESP32 communicates serially with the NEO-

6M GPS module to obtain precise latitude and longitude coordinates. The SIM800L GSM module receives this location data 

and uses it to send an SMS alert to designated emergency contacts. A notification of the accident, GPS coordinates, and a 

link to Google Maps for fast and accurate location tracking are all included in the alert message. Following a defined 

workflow of sensor monitoring, data processing, accident detection, location collection, and alarm delivery, the entire system 

runs constantly in a real-time setting. This integrated solution guarantees prompt emergency reaction, minimizes medical aid 

delays, and greatly enhances rider safety. 

 

IV.IMPLEMENTATION 

 The purpose of the Smart Helmet technology is to prevent the motorcycle from starting unless the helmet is worn 

correctly. A push button and a microprocessor are used by the system to confirm helmet wear. The microprocessor determines 

if the helmet is properly worn when the rider presses the push button. The risk of crashes is decreased because the car won't 

start unless the helmet is correctly donned. A Bluetooth module built into the helmet continuously sends sensor data to the 

car's circuitry. A 3-axis accelerometer can identify abrupt changes in movement or speed that could point to an accident. The 

accelerometer notifies the Bluetooth module when it detects such an occurrence, and the Bluetooth module then transmits 

the data to the car. 

 

 
Fig.9 Block diagram of the System 

 If the helmet is not worn, the vehicle's circuitry can activate a relay to cut off power to the motor, which serves as 

a prototype for the ignition system. This guarantees that the rider must wear the helmet in order to operate the vehicle. In 

http://www.fdrpjournals.org/ijire
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order to identify if the rider's head is inside the helmet, the system also has infrared (IR) sensors. The sensor alerts the 

microcontroller when the helmet is correctly worn, enabling the car to start. In the event of an accident, the system can ensure 

that emergency professionals can be sent out quickly by sending distress messages over GSM that include the rider's GPS 

location. By enabling low-power, dependable, and secure wireless communication between the helmet and the vehicle's 

control system, Bluetooth plays a crucial part in this system. Bluetooth, which operates in the 2.4 GHz frequency range, 

makes sure that helmet use is confirmed before the car starts and that accident data is sent right away when it's needed. 

 

V.FUNCTIONALITY 

 An ESP32 microcontroller serves as the main controller for the Smart Helmet Accident Detection System, 

processing all sensor data and overseeing system functions. The vehicle unit and the helmet unit are the two halves of the 

system. The helmet unit has a force-sensing resistor to verify head occupancy, an alcohol sensor to identify rider intoxication, 

an infrared sensor to determine whether the helmet is worn, and a gyroscope and accelerometer (MPU6050) to monitor abrupt 

impacts or unusual movements. In order to wirelessly transfer sensor data to the vehicle unit, the helmet additionally has a 

battery, control circuits, and an RF transmitter. The motor (used in the prototype to imitate vehicle ignition) is controlled by 

the ESP32 in the vehicle unit, which gets this data via an RF receiver. The motor can only start when the helmet is correctly 

worn. The ESP32 instructs the GSM module to transmit the rider's GPS location to registered contacts in the event of an 

accident. Furthermore, a Bluetooth module guarantees a wireless connection in real time between the car unit and the helmet. 

All things considered, this technology greatly improves rider safety by enforcing helmet use, detecting accidents in real time, 

and sending out timely emergency signals. 

 

VI.RESULTS 

 The Smart Helmet system was successfully developed, put into use, and tested to assess how well it worked in 

different scenarios. The prototype incorporates GSM, GPS, relay, power modules, a control unit based on the ESP32, and a 

helmet unit with sensors. The system successfully tracked rider safety metrics like mobility behaviour, alcohol detection, and 

helmet use. It made sure that the alcohol sensor stopped the system from activating when the level of alcohol was above the 

predetermined limit, and the DC motor (which represented the car) only ran when the helmet was worn correctly. Accurate 

identification of accidents and sleepiness conditions was made possible by the MPU6050 sensor's consistent detection of 

abrupt impacts and unusual motions. The solution effectively used the GSM module to send SMS notifications during 

emergency scenarios, which included exact GPS coordinates and a Google Maps link for location monitoring. Overall, the 

system's integrated monitoring, preventive, and alarm methods improved rider safety in a dependable and real-time manner. 

 

  

(a) (b) 

Fig.10 Project (a) Hardware setup (b) Alert messages for different issues 

 

VII.CONCLUSION 

 By automatically identifying collisions and sending out alerts, the Smart Helmet for Accident Detection improves 

rider safety. The system swiftly reacts to impacts by setting off alarms and managing emergency functions using sensors and 

the ESP32 microcontroller. This idea is an important advancement for two-wheeler safety since it speeds up emergency 

response times and encourages safer riding practices. More sophisticated helmet-wear detection could be added to the smart 

helmet in the future to guarantee that it is always worn before riding. By warning surrounding riders, vehicle-to-vehicle 

communication integration can help avoid collisions. Riders and their families can access ride history, location tracking, and 

real-time accident notifications via mobile app connectivity. Accident and ride data can be stored for traffic monitoring and 

safety analysis via cloud-based data logging. The helmet can be made even more complete and life-saving by adding health-

monitoring sensors like heartbeat detection and connecting the device to emergency services, which can guarantee quicker 

aid. 
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