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ABSTRACT: Motorcycle accidents remain one of the most common causes of road deaths globally. In nations such as
India, where two-wheeler transportation is widespread, helmet compliance and early medical intervention are still
issues of concern. Notwithstanding regulatory demands, riders will usually disregard security measures, notably
concerning helmet-wearing and drunk riding. The following paper submits an all-round IoT-based intelligent helmet
system, whose purpose it is to institute safety, capture crashes, and facilitate emergency communications. The device
incorporates alcohol detectors, gyroscopes, accelerometers, and GPS/GSM components for tracking immediate
situations and alerting to situations of emergency occurrence. The helmet is interfaced with the bike's ignition system
and a cloud-based alerting system to provide both preventative and reactive safety measures. Test scenarios
demonstrate its potential to revolutionize road safety for two-wheeler riders.

I. INTRODUCTION

Motorcycle riders are disproportionately affected in road accidents, accounting for over 30% of traffic-related deaths
globally, according to WHO. The effect of these deaths is usually compounded by the failure to wear helmets and the
lack of immediate medical attention. Governments have imposed stringent regulations requiring helmet use and
punishing drunk driving, but enforcement is still a major issue. Consequently, there is an urgent need for technology
that actively enforces compliance and improves rider safety.

The incorporation of Internet of Things (IoT) technologies presents a promising path. IoT allows connected devices to
gather, process, and send data in real time. By integrating sensors and communication modules into helmet
vehicles, we can develop smart systems that can prevent accidents and trigger automatic emergency response. This
paper describes the design, implementation, and testing of an IoT-based smart helmet system with an emphasis on
enhancing safety outcomes for motorcyclists.

II. LITERATURE REVIEW

Some researchers have developed smart safety systems for two-wheeler riders. Divyasudha et al. (2019) presented a
smart helmet with alcohol sensors and GPS modules to block engine ignition in case the rider was drunk. Rahman et
al. (2020) presented a three-level model consisting of a helmet unit, vehicle module, and mobile app, facilitating real-
time monitoring and alert sending. Sobhana et al. (2021) emphasized accident detection through vibration and
gyroscope sensors, whereas Vashisth et al. (2017) added features such as speed limiting, fog detection, and E-wallet-
based toll payment.

Although these systems touched upon significant aspects of helmet safety, the majority of implementations are plagued
by issues such as power inefficiency, bulkiness, or the absence of real-world testing. Moreover, current systems tend to
work in isolation, addressing a single feature such as alcohol detection or accident alerting. Our contribution extends
these building blocks by integrating several safety features into a single, low-cost, and scalable solution. A
comparative analysis of previous work also indicates that combining cloud connectivity, emergency alerts, and
hardware optimization can result in dramatic improvements in functionality and usability.
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III. SYSTEM ARCHITECTURE AND WORKING

The intelligent helmet system is a modular design with three major components: the helmet unit, the bike unit, and the
cloud/mobile monitoring unit. They operate in tandem to identify unsafe riding conditions and react accordingly.

A. Helmet Unit

The helmet unit is the core of the system and comprises several embedded sensors:

\tAlcohol Sensor (MQ-3/MQ-135): Identifies ethanol vapors from the rider's breath, confirming if the user is drunk.
\tInfrared (IR) Sensor: Checks if the helmet is worn before allowing the vehicle to start.

\tAccelerometer and Gyroscope: Employed to sense unusual tilts, crashes, or sudden changes in motion and
orientation.

\tVibration Sensor: Provides redundancy to sense sharp impacts that may signify a potential collision.
\tMicrocontroller (NodeMCU/ATmega328P): Processes sensor information and transmits control signals to the bike

unit. These sensors are driven by a rechargeable battery pack contained in the helmet. The output is wirelessly sent to
the bike unit via RF or Bluetooth modules.

MQ-3 Gas sensor Module

Helmet Unit

B. Bike Unit
The bike unit is the ignition control unit. It has:
\tRF/Bluetooth Receiver: Accepts the encrypted data from the helmet.
\tRelay Switch: Determines if the engine can be started.
\tGPS Module: Retrieves real-time coordinates in case of a crash.
GSM Module: Dispatches SMS messages with the location of the accident to pre-configured emergency numbers and
hospital authorities.

In case of either the alcohol sensor's detection of alcohol or the non-wearing of the helmet, the relay short-circuits the
ignition circuit, thus keeping the rider from being able to start the bike.
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Bike Unit

C. Power Supply
The helmet module utilizes a 3.7V lithium-ion battery, which supports up to 68 hours of power per charge. Solar
panels optionally installed on the helmet surface will allow for charging through solar recharging. Optimized power
features such as sleep modes for the sensors are utilized to maximize the life of batteries.
IV. DATA FLOW AND COMMUNICATION PROTOCOLS
The intelligent part of the system is that sensor data, once collected, is processed and communicated, triggering
responses. Workflow is as mentioned below:
1. The IR and alcohol sensors check pre-ride status (helmet worn, sober rider).
2. If successfully checked, an RF signal is transmitted to the bike unit to initiate ignition.
3. At all times during the ride, accelerometer and gyroscope continually check motion patterns.
4. In case of an impact, the microcontroller records GPS coordinates and activates the GSM module.
5. In real time, an SMS is dispatched to two emergency contacts and optionally to a cloud dashboard or mobile app.

6.\tEach event is timestamped and recorded for subsequent processing.

The unit-to-unit communication employs 433 MHz RF or Bluetooth v4.0, and alert messages are encrypted with
lightweight AES encryption.
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V. ACCIDENT DETECTION MECHANISM

The most essential component of a smart helmet system is the capability to accurately detect accidents and
automatically trigger timely emergency response. The designed system utilizes a blend of sensors and logic thresholds
to detect crash events accurately.

\t3-Axis Accelerometer: Continuously tracks the velocity and orientation of the helmet. An abrupt speed reduction or
steep tilt causes an interrupt.

\tGyroscope Sensor: Tracks angular rotation. High angular speed, particularly in conjunction with a deceleration peak,
signals a probable accident.

\tVibration Sensor: Verifies the occurrence of a collision by sensing sudden spikes in impulses. It prevents false alarms
due to sudden braking or bumpy road sections.

After a crash is verified:

1. The GPS module retrieves the precise geographical position.

2. A formatted alert message is prepared with coordinates, time, and crash status.

3. The GSM module transmits this data to emergency numbers through SMS.

4. Optionally, the location is sent to a Bluetooth-connected mobile app that refreshes a live dashboard accessed
by caregivers or control centers.

The system is autonomous even if the rider is unconscious or incapacitated, the emergency alert is sent without any
manual intervention.
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VI. REAL-WORLD TESTING AND CASE STUDIES

To confirm the system's feasibility, a prototype was created and tested under laboratory and outdoor conditions with a
wide range of users.

Test Setup:

\tTest riders: 15 volunteers of different ages and skill levels.

\tTest conditions: Urban, rural, and semi-off-road routes.

\tSimulated crashes: With dummies and controlled drop tests to simulate crash conditions.
\tAlcohol tests: Performed with controlled exposure to ethanol vapors.

Results:

\tHelmet Detection Accuracy:

100%  Alcohol  Detection

Accuracy: 98%

Crash Response Time: Average 3.2 seconds from impact to SMS dispatch

False Alarm Rate: < 3% with multi-sensor fusion
The participants enjoyed the ignition-lock feature and the security it ensured. Criticism was minimal discomfort
caused by added circuitry weight, which is being addressed in future versions using lighter materials.

Sample Alert
Message:

CopyEdit
ALERT! Possible accident
detected.
Time: 14:07:53
Location: 12.9321 N, 77.6228 E

Immediate medical attention may be required.
VII. CHALLENGES AND LIMITATIONS

In spite of successful deployment, the project experienced some real-world challenges:

\tSensor Calibration: The accuracy of sensors can be impacted by environmental conditions like temperature and
humidity.

\tNetwork Coverage: GSM modules can be unreliable in isolated or hilly regions.

\tPower Efficiency: Around-the-clock use depletes batteries rapidly; sleep cycles should be optimized.

\tUser Resistance: Riders are reluctant to wear marginally heavier helmets or do not trust automatic ignition locks.

All of these issues are being tackled through incremental hardware advancements, firmware calibration, and
continuous user input.

VIII. FUTURE SCOPE

The scope for increasing smart helmet functionality is huge. With the advancement of IoT and wearable technology,
the smart helmet can be made even more intelligent, effective, and ubiquitous. Some of the areas with high potential
for future development include:

Al-Based Fatigue and Drowsiness Detection

Adding cameras or infrared eye-trackers can monitor whether the rider is becoming sleepy or distracted. Machine
learning algorithms based on eyelid movement, head nods, and body posture can alert the rider or even shut down the
engine in case of dangerous behavior.
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Biometric Authentication
Instead of keys, fingerprint sensors or facial recognition can be used to make sure that the bike cannot be started
without authorization from the owner. This will also minimize bike theft and misuse.

Integration with Smart Cities
Future traffic systems can be integrated into smart helmets to let helmets know real-time traffic data and get hazardous
weather alarms or suggest new routes when there is congestion and accidents.

Solar Power Optimization
Future helmets may come with more efficient, flexible solar panels built into the shell. These would passively charge
the battery throughout the day, extending energy autonomy and sustainability.

Ride Data and Analytics
Cloud integration offers ride history, safety scores, average speeds, and locations. Riders can receive monthly reports
or insurance discounts upon safe driving behavior recorded by the helmet.

Government and Policy Integration
Smart helmets may be integrated into licensing policies. Helmets, for instance, are required to pass standards for
certification and be registered electronically to certify that they comply with safety in roadside checks.

IX. CONCLUSION

IoT-powered smart helmet technology provides a unified solution to several of the biggest road safety problems.
Integrating alcohol testing, crash detection, emergency call assistance, and ignition locking into a single wearable
system, the smart helmets enhance riders' safety for two-wheelers by many-fold.

This paper introduced the system design, operating principles, test results, and possible improvements for intelligent
helmets. With field testing success and user acceptance, the project clearly has real-world application potential. By
incorporating these helmets into larger traffic safety systems and making them accessible and easy to use, we can
significantly lower accident-related deaths and injuries.
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