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Abstract — Two-wheeler accidents remain a major cause of fatalities globally, primarily due to alcohol consumption, helmet non-
compliance, and delayed emergency response. This paper presents a smart helmet system that integrates helmet wearing verification,
alcohol detection, accident detection, and real-time loT-based emergency alert mechanisms into a unified embedded framework. The
system uses an ESP32 microcontroller, IR sensor, MQ135 alcohol sensor, ADXL335 accelerometer, vibration sensor, and GPS module.
Vehicle ignition is permitted only when the helmet is properly worn and no alcohol is detected. Upon accident detection, real-time
location-based alerts are transmitted via UDP to predefined emergency contacts through the 10T platform. The proposed system is cost-
effective, scalable, and suitable for real-world deployment, offering a comprehensive approach to improving rider safety in urban and
rural environments.
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I. INTRODUCTION

Road safety has become a critical global concern due to the increasing number of two-wheeler accidents resulting in severe
injuries and fatalities. Motorcycles and scooters are widely used for daily transportation, yet two-wheeler riders are highly wvulnerable
compared to occupants of four-wheeled vehicles due to the absence of structural protection. A significant percentage of road accidents
occur due to negligence, alcohol consumption, improper helmet usage, and delayed medical assistance after accidents. Despite strict
traffic regulations, many riders fail to follow safety guidelines, leading to preventable loss of life.

Traditional safety measures rely heavily on human discipline, which is often inconsistent and unreliable. Recent advancements
in embedded systems, sensor technologies, and the Internet of Things have enabled the development of smart safety solutions capable
of real-time monitoring and decision-making. The proposed smart helmet system addresses multiple safety challenges
simultaneously by combining helmet wearing detection, alcohol sensing, accident detection, and emergency alert transmission —
actively participating in both accident prevention and emergency response.

Il. LITERATURE SURVEY

V. Maheshwari, T. Khandelwal, D. Gulati and D. Agarwal [1] presented a comprehensive smart helmet system integrating
helmet wearing detection, alcohol sensing, motion-based accident detection, and loT-based emergency alerts. The system enforces
safety compliance automatically and demonstrates reduced response time in emergency scenarios. he proposed model improves rider
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safety through real-time monitoring and intelligent decision-making. The authors also highlighted the importance of integrating
wireless communication technologies for rapid emergency response. Furthermore, the system provides enhanced reliability by
combining multiple sensors for accurate accident and safety detection.

S. Akter et al. [2] proposed a cost-effective loT-enabled smart helmet integrating alcohol sensors, motion sensors, and GPS
for accident detection and alert generation, emphasizing affordability and accessibility for large-scale adoption in developing
regions.

Somantri and Yustiana [3] proposed a cost-effective loT-enabled smart helmet integrating alcohol sensors, motion sensors,
and GPS for accident detection and alert generation, emphasizing affordability and accessibility for large-scale adoption in
developingregions. Their work focused on creating an economical safety solution without compromising functionality. The system
was designed to provide real-time accident location tracking using GPS technology. Additionally, the authors emphasized low-
power operation and ease of implementation for practical day-to-day usage by riders.

V. T. etal. [4] presented an loT-based smart helmet integrated with motorcycles for real-time interaction between the helmet
and vehicle, enabling intelligent safety enforcement through wireless communication and rider awareness feedback. Their system
established seamless communication between the helmet and the vehicle ignition system. The research also demonstrated improved
rider awareness through automated warning mechanisms and safety notifications. Moreover, the integration of 10T technology
enhanced system efficiency and enabled continuous monitoring of rider behavior.

K. M. U. Rahman et al. [5] developed a battery-efficient smart helmet using accelerometer-based impact analysis and loT
communication, addressing power consumption challenges for long-term daily usability. The system effectively detected accidents
through real-time motion analysis and transmitted alerts instantly. Their research emphasized energy-efficient hardware integration
to improve battery life and system durability. Furthermore, the proposed design ensured reliable performance even during continuous
long-term usage.

V. K., H.Jodu, S. K. P., Y. K. R. K. and S. R. [6] proposed an loT-integrated helmet safety framework combining automation
with minimal user intervention, demonstrating reliable detection and timely alert delivery for improved road safety compliance. The
framework automated helmet safety verification and accident monitoring processes effectively. The authors also focused on reducing
human dependency by enabling automatic system operation. Additionally, the system achieved faster emergency communication
through loT-enabled real-time alert transmission.

M. Ahmed et al. [7] presented a smart helmet for construction safety, integrating environmental and motion sensors with 10T
communication — principles transferable to two-wheeler safety for fall detection and emergency communication. Their research
demonstrated the effectiveness of wearable sensor technology in hazardous environments. The system also monitored environmental
conditions to improve user safety during operations. Furthermore, the IoT communication framework enabled immediate notification
and monitoring during emergency situations.

V. Hema, A. Sangeetha, S. Navya and C. N. Chowdary [8] proposed a smart helmet and accident identification system using
motion sensors for automatic crash detection and alert transmission, validating the feasibility of automated accident detection. Their
work emphasized rapid accident identification to reduce emergency response delays. The proposed system also improved reliability
by utilizing sensor-based motion analysis techniques. Moreover, the automatic alert mechanism enhanced rider safety through quick
communication during critical situations.

S. KurundkKar et al. [9] proposed a smart helmet and accident identification system using motion sensors for automatic crash
detection and alert transmission, validating the feasibility of automated accident detection. Their work emphasized rapid accident
identification to reduce emergency response delays. The proposed system also improved reliability by utilizing sensor-based motion
analysis techniques. Moreover, the automatic alert mechanism enhanced rider safety through quick communication during critical
situations.

J. S. Vani et al. [10] introduced HelmetGuard, an loT-enabled smart helmet with real-time monitoring, accident detection, and
cloud-based alert mechanisms, demonstrating scalability and practical safety enforcement. The systemutilized cloud technology for
secure data storage and remote accessibility. The authors also emphasized scalable architecture for large-scale deployment in smart
transportation systems. Furthermore, the integration of real-time monitoring and automated alerts significantly improved overall rider
safety and emergency management efficiency.

I1l. PROBLEM STATEMENT

Road accidents involving two-wheeler riders remain a major public safety issue. A significant proportion of fatal accidents occur
due to alcohol-impaired riding, helmet negligence, and delayed emergency assistance. Existing enforcement methods such as
roadside breath analyzer tests and traffic checkpoints are limited in coverage and cannot monitor riders continuously. Traditional
helmets provide only passive protection and lack intelligence to prevent accidents or respond effectively after a crash.
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In many accident scenarios, victims may be unconscious or unable to call for help, leading to increased response time and loss
of life. Current emergency systems depend heavily on eyewitness reporting or manual communication, which is unreliable and
often delayed. Most existing safety solutions operate as independent mechanisms rather than integrated systems. There is a critical
need for a comprehensive, intelligent solution that combines helmet wearing verification, real-time alcohol detection, automatic
accident detection, and GPS-based emergency alert communication into a unified, automated framework.

EXISITNG SYSTEM

The existing two-wheeler safety system primarily relies on conventional helmets, traffic rules, and manual law enforcement to
ensure rider protection. Traditional helmets are designed to provide basic physical protection to the rider’s head during an accident
but lack any form of intelligence or monitoring capability. Helmet usage is enforced through traffic regulations, fines, and periodic
checks conducted by traffic police. However, compliance is inconsistent, and many riders either avoid wearing helmets or wear
them improperly. Alcohol consumption while riding is monitored through roadside breath analyzer tests, which are conducted
only at specific checkpoints and during limited time periods. These methods are insufficient for continuous monitoring and fail to
prevent intoxicated riders from operating vehicles outside monitored zones. Accident detection and emergency response in the
existing system depend heavily on manual intervention. In most cases, accident victims rely on bystanders or personal mobile
phones to report incidents and request medical assistance. This process is often delayed due to lack of awareness, fear of legal
complications, or absence of witnesses, especially in remote areas. Emergency services receive limited information about accident
location and severity, resulting in slower response times. Some modern vehicles offer mobile-based tracking or emergency call
applications, but these systems require user interaction and may fail if the rider is unconscious or injured. Existing systems also
lack integration between helmet usage verification, alcohol detection, and accident response mechanisms. Each safety measure
operates independently without coordination, reducing overall effectiveness. Enforcement agencies face challenges in monitoring
large populations of riders due to limited manpower and resources. Awareness campaigns and educational programs aim to
promote safe riding practices, but behavioral change remains slow and unreliable. The existing approach places excessive
responsibility on riders to follow safety norms voluntarily. Technological adoption in two-wheeler safety remains minimal
compared to advancements in four-wheeler safety systems. Most safety solutions focus on post-accident protection rather than
accident prevention. The absence of real-time monitoring and automated control limits the ability to intervene before an accident
occurs. As a result, despite improvements in infrastructure and regulations, accident rates involving two-wheelers remain high.
The limitations of the existing system highlight the need for an intelligent, automated, and integrated safety solution capable of
addressing multiple risk factors simultaneously.

IV. PROPOSED SYSTEM

The proposed smart helmet system integrates helmet wearing verification, alcohol detection, accident detection, and real-time
emergency communication into a unified embedded framework, overcoming the limitations of conventional two-wheeler safety
approaches.

Helmet Wearing Verification: An IR sensor detects whether the helmet is properly worn. Vehicle ignition via the motor driver
is permitted only when the helmet is correctly placed, automatically enforcing safety compliance.

Alcohol Detection: The MQ135 alcohol sensor continuously analyzes the rider's breath. If alcohol concentration exceeds
permissible thresholds, the system prevents vehicle ignition and generates an alert, eliminating the possibility of impaired riding.

Accident Detection: The ADXL335 accelerometer and vibration sensor continuously monitor sudden changes in acceleration
and orientation. The dual-sensor approach improves detection accuracy and reduces false positives, identifying crash events without
rider intervention.

Emergency Alert via 10T: Upon accident detection, GPS captures precise location data, which is transmitted via UDP over
WiFi to the ESP32 vehicle unit and forwarded through the 10T platform as real-time alerts to predefined emergency contacts or
medical services.

LCD Display: The 16x2 LCD displays real-time system status messages including helmet status, alcohol detection results, and
accident alerts, enhancing rider and bystander awareness.

The overall data flow: Helmet sensors — ESP32 (Helmet Unit) — UDP over WiFi — ESP32 (Vehicle Unit) — Motor Control
+ LCD + IoT Alert, forming a complete, automated, proactive, and reactive safety pipeline.

The system integrates helmet wearing \verification, alcohol detection, accident detection, and real-time emergency
communication into a single unified framework. Unlike conventional helmets, the proposed smart helmet actively monitors rider
behavior and vehicle conditions to prevent unsafe riding practices. Helmet wearing verification ensures that the vehicle ignition
system is activated only when the rider wears the helmet correctly, thereby enforcing safety compliance automatically. This
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mechanism significantly reduces the risk of head injuries caused by helmet negligence. An integrated alcohol sensor continuously
analyzes the rider’s breath to detect intoxication levels. If alcohol consumption exceeds permissible limits, the system prevents
vehicle ignition, eliminating the possibility of impaired riding. Accident detection is achieved using motion and impact sensors that
continuously monitor sudden changes in acceleration and orientation. When an accident is detected, the system immediately triggers
an alert without requiring any rider intervention. The proposed system incorporates GPS technology to identify the exact location of
the accident. This location data is transmitted in real time to predefined emergency contacts or medical services using loT
communication platforms. The system combines preventive control with reactive emergency response, making it both proactive and
responsive in nature. loT integration enables reliable data transmission, system scalability, and compatibility with smart transportation
infrastructures. The proposed design emphasizes cost-effectiveness, compactness, and user comfort to encourage widespread
adoption. The helmet is designed to be lightweight and user-friendly, ensuring that safety features do not compromise rider comfort.
By automating safety enforcement, the system reduces dependency on manual law enforcement and human discipline. The proposed
solution also supports future enhancements such as data analytics, accident pattern analysis, and integration with smart city platforms.
Overall, the smart helmet system provides a comprehensive approach to two-wheeler safety by addressing critical risk factors
simultaneously. The proposed system aims to reduce fatalities, minimize injury severity, improve emergency response efficiency,
and promote responsible riding behavior through intelligent technological intervention.
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Fig:1 Block Diagram

The proposed Smart Helmet and Vehicle Safety System is developed to improve two-wheeler rider safety by integrating alcohol
detection, accident detection, and wireless communication technology. The system consists of a transmitter section placed inside the
helmet and a receiver section installed in the vehicle. The transmitter section includes an MQ3 alcohol sensor, vibration sensor, and
ESP32 microcontroller. The MQ3 sensor detects the presence of alcohol in the rider’s breath and sends the data to the ESP32. If
the alcohol level is below the preset limit, the rider is considered safe; otherwise, the system identifies the rider as unsafe and
prevents the vehicle from starting. The vibration sensor continuously monitors shocks and sudden impacts, and during an accident
it detects abnormal vibrations and sends an emergency signal to the ESP32. The transmitter ESP32 wirelessly communicates this
sensor data to the receiver ESP32 placed in the vehicle. The receiver processes the received information and controls the motor
driver connected to the vehicle ignition system. If the rider is wearing the helmet properly and no alcohol is detected, the receiver
activates the motor driver and allows the vehicle to start normally, while the LCD display shows messages such as “Safe to Drive.”
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If alcohol is detected, the ignition system remains OFF and the LCD displays warning messages like “Alcohol Detected.” In case of
an accident, the system can display emergency alerts, stop the motor, or activate additional safety features such as alarms or
emergency notifications if connected with GSM or GPS modules. The entire circuit operates using a regulated DC power supply
with voltage regulators and filter capacitors to ensure stable operation of all components. Thus, the smart helmet system ensures
rider safety by preventing drunk driving, detecting accidents, and allowing vehicle operation only when safe riding conditions are
satisfied.
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Fig:2 Circuit Diagram
METHODOLOGY

The first step in the methodology is the requirement analysis phase. This involves understanding rider safety challenges, traffic
regulations, and accident-prone behaviors. Literature surveys, case studies, and accident statistics were analyzed to identify critical
parameters that need monitoring. Based on this analysis, the system requirements were defined: helmet wearing verification, alcohol
detection, accident detection, real-time alert transmission, IoT integration, low latency communication, and reliable vehicle control.
Functional and non-functional requirements were established to guide the design and implementation.

The system design phase involved creating a modular architecture that separates the helmet unit from the vehicle unit. The
block diagram was designed to represent the flow of data and decision-making processes. The helmet unit contains all primary
sensors and the microcontroller responsible for sensing, processing, and communication. The vehicle unit is designed to receive data
from the helmet and control vehicle operation accordingly. The communication between the two units is based on the UDP protocol
to ensure fast, low-latency data transfer.

Component selection was based on accuracy, availability, cost, and compatibility. An ESP32 microcontroller was chosen for its
built-in WiFi, high processing capability, and low power consumption. The helmet integrates an IR sensor to detect proper helmet
wearing, an MQ135 alcohol sensor to monitor intoxication levels, an ADXL335 accelerometer to detect impacts and sudden motion
changes, and a vibration sensor to enhance accident detection. The vehicle unit includes an LCD display for status messages, a motor
driver module to control vehicle ignition, and an ESP32 microcontroller to manage received data. Power supply units were chosen

to ensure stable operation of both helmet and vehicle modules.
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Hardware Requirements: The hardware requirements for the Smart Helmet and Vehicle Safety System include ESP32
microcontrollers for both transmitter and receiver sections, an MQ3 alcohol sensor for detecting alcohol content in the rider’s
breath, a vibration sensor for accident detection, an LCD display for showing system status messages, a motor driver module for
controlling the vehicle ignition system, voltage regulators and capacitors for stable power supply, RF/wireless communication
setup, battery or DC power source, connecting wires, PCB or breadboard, and the vehicle motor setup. These components work
together to monitor rider safety conditions, transmit data wirelessly, and control vehicle operation based on safety parameters. The
system also includes a GPS module for location tracking and a GSM module for sending emergency alert messages to predefined
contacts. A helmet detection sensor ensures that the rider wears the helmet properly before starting the vehicle. Additional
components such as a buzzer, relay module, rechargeable battery, connecting wires, and display unit are used to provide alerts,
control ignition, and support overall system functionality. These hardware components collectively enhance rider safety and
improve emergency response capability. The system also includes a GPS module for location tracking and a GSM module for
sending emergency alert messages to predefined contacts. A helmet detection sensor ensures that the rider wears the helmet properly
before starting the vehicle. Additional components such as a buzzer, relay module, rechargeable battery, connecting wires, and
display unit are used to provide alerts, control ignition, and support overall system functionality. These hardware components
collectively enhance rider safety and improve emergency response capability.

Software Requirements: The software requirements for the Smart Helmet and Vehicle Safety System include the Arduino
IDE for writing, compiling, and uploading the program code to the ESP32 microcontrollers, Embedded C/C++ programming
language for developing the control logic, ESP32 board support packages and required sensor libraries for interfacing the MQ3
sensor, vibration sensor, LCD display, and communication modules, along with serial communication tools for debugging and
testing the system. The software is responsible for processing sensor data, wireless communication between transmitter and
receiver, controlling the motor driver, and displaying safety messages on the LCD screen. In addition to the basic programming
environment, the system requires software libraries and communication protocols for efficient sensor integration and data handling.
Various embedded libraries are used for interfacing the alcohol sensor, GPS module, GSM module, and accelerometer with the
microcontroller. The software also incorporates algorithms for accident detection, threshold analysis, and automatic alert
generation to improve system accuracy. Debugging and monitoring tools such as serial monitor interfaces are used during
development to test sensor outputs and communication responses. Cloud or IoT platform support can also be integrated for storing
accident data and monitoring rider information remotely in real time. Furthermore, the software is designed with efficient error-
handling mechanisms and low-power operation techniques to ensure reliable and uninterrupted performance of the smart helmet
system.

V. RESULTS & DISCUSSION

The system was tested under various real-time conditions to evaluate all intended functionalities. Helmet wearing verification
accurately identified correct and incorrect helmet placement, enabling and disabling vehicle ignition accordingly without any
manual intervention. The alcohol detection module produced consistent and repeatable results — when alcohol concentration
exceeded the predefined threshold, the system successfully prevented vehicle operation and generated alert notifications.
Calibration of the MQ135 sensor ensured stable readings under different environmental conditions.

Accident detection performance was evaluated by simulating sudden impacts, vibrations, and abnormal orientation changes. The
combined use of the ADXL335 accelerometer and vibration sensor improved detection accuracy and significantly reduced false
positives. Upon detecting an accident, the system immediately triggered emergency alerts and transmitted location details through
the loT platform with minimal latency.

Wireless communication using UDP protocol between helmet and vehicle units exhibited low latency and reliable data transfer.
The vehicle unit ESP32 correctly interpreted received signals and controlled the motor driver accordingly. loT integration enabled
successful transmission of alerts to the mobile application in all test scenarios. The system demonstrated quick response time from
event detection to alert transmission, remaining stable during prolonged operation.

Performance is evaluated using standard metrics:

Detection Accuracy = (TP+TN)/ (TP+TN+FP+FN) Precision = TP / (TP+FP)
Recall = TP / (TP+FN)

Results confirm that the proposed system fulfills its design objectives. The system effectively integrates preventive safety
enforcement and emergency response, validating reliability, accuracy, and practicality for real-world deployment in both urban and
rural environments.
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Sent from your Twilio trial account -
ENMERGENCY! Accident Detected!?
Location:

B35290.78.695488

Sent from your Twilio trial account -
ENMERGENCY! Accident Detected!
Location:
https.//www.google.com/maps2g=—10
B35340.78.695465

Fig3: Output imagel

Fig4: output image 2
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V. CONCLUSION

A smart helmet-based two-wheeler safety system has been successfully designed and implemented, addressing critical safety
challenges including helmet non-compliance, alcohol-impaired riding, delayed accident reporting, and lack of timely emergency
assistance. By integrating helmet wearing detection, alcohol sensing, accident detection using accelerometer and vibration sensors,
and loT-based alert mechanisms, the system provides a comprehensive safety solution. The use of ESP32 microcontrollers enabled
efficient data processing, wireless communication, and real-time monitoring.

The system demonstrates fast response time, stable operation, and accurate decision-making under various test conditions. By
reducing reliance on manual enforcement and human discipline, the system ensures consistent safety compliance. The proposed
solution is cost-effective, scalable, and modular, making it suitable for real-world deployment and future upgrades. The system
contributes meaningfully to intelligent transportation systems and promotes responsible riding behavior through automated
enforcement rather than manual supervision. The conclusion of this project highlights the successful design and implementation of a
smart helmet-based two-wheeler safety systemaimed at reducing road accidents and improving rider protection. The project addressed
critical safety issues such as helmet noncompliance alcohol impaired riding delayed accident reporting and lack of timely emergency
assistance. By integrating helmet wearing detection alcohol sensing accident detection and 10T based alert mechanisms the system
provides a comprehensive safety solution. The use of ESP32 microcontrollers enabled efficient data processing wireless
communication and real time monitoring. The helmet wearing verification ensured that vehicle ignition was allowed only when safety
conditions were satisfied. Alcohol detection effectively prevented intoxicated riding and enhanced preventive safety. Accident
detection using accelerometer and vibration sensors enabled automatic identification of crash events without rider intervention. Real
time alert transmission with location information improved emergency response efficiency. The results confirmed reliable
performance under various test conditions. The system demonstrated fast response time stable operation and accurate decision
making. The integration of preventive and reactive safety mechanisms makes the proposed system more effective than conventional
safety approaches. The project emphasizes the importance of intelligent automation in enhancing road safety. By reducing reliance
on manual enforcement and human discipline the system ensures consistent safety compliance. The proposed smart helmet system
is cost effective scalable and suitable for real world deployment. The modular design allows easy maintenance and future upgrades.

The project contributes to the advancement of intelligent transportation systems by providing a practical and efficient safety solution.

VI. FUTURE ENHANCEMENTS

Future work involves integrating advanced accident severity analysis using machine learning algorithms to classify crash
intensity and prioritize emergency alerts. Cloud-based data storage and analytics can support long-term riding pattern analysis and
predictive safety planning. Biometric sensors such as heart rate and body temperature monitors can be added to assess rider health
post-accident, assisting medical teams during rescue. The successful implementation validates the potential impact of smart helmets
in reducing accident-related fatalities and injuries. The conclusion reinforces that technology driven safety solutions are essential in
addressing increasing traffic challenges. The proposed system can serve as a foundation for further research and development in road
safety applications. With continuous improvement and widespread adoption, the smart helmet system can significantly improve two-
wheeler safety standards. The project outcomes encourage future innovation in smart wearable safety devices. The conclusion affirms
that the developed system offers a reliable effective and practical approach to enhancing rider safety and emergency response. The
project stands as a meaningful contribution toward safer transportation systems and improved public safety outcomes. GPS accuracy
can be improved through multi-positioning techniques. Energy efficiency can be enhanced through optimized power management
and solar-assisted charging. Mobile application features including ride history, safety scores, and real-time notifications can further
empower riders. Integration with smart city infrastructure and wehicle-to-infrastructure communication can enable direct
coordination with traffic management and emergency response systems, advancing the system toward a comprehensive intelligent
transportation safety ecosystem and additional Future Enhancement.

Future enhancement of the proposed smart helmet system can focus on incorporating artificial intelligence and advanced
communication technologies to further improve rider protection and system intelligence. Al-based image processing and computer
vision techniques can be integrated with onboard cameras to detect road obstacles, traffic violations, and unsafe riding behavior in real
time. The system can also be enhanced with voice assistance and speech recognition features to enable hands-free communication
and navigation support for riders. Implementation of 5G connectivity can provide faster data transmission and low-latency
emergency communication, ensuring immediate response during critical situations. Furthermore, blockchain-based secure data
management can be introduced to protect rider information and accident records from unauthorized access. Advanced environmental
sensors for air quality, weather monitoring, and road condition analysis can also be integrated to provide riders with real-time safety
recommendations. These future enhancements can transform the smart helmet system into a fully intelligent, connected, and adaptive
safety solution for next-generation transportation systems.
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