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Abstract: Motorcycle riders account for a major portion of road accident casualties in India, often due to
improper helmet use and delay in obtaining assistance after a crash.In this work, a Smart Helmet prototype is
designed that combines multiple sensing modules to improve rider safety.The IR sensor ensures that ignition
is permitted only when the helmet is worn properly, while an MQ-3 gas sensor monitors the rider’s breath to
restrict vehicle operation during alcohol influence.Additionally, an impact detection sensor identifies sudden
shocks that may indicate a collision, upon which the system retrieves location details through a GPS unit and
sends an automatic alert message via GSM to designated contacts.The complete setup aims to encourage safer
riding practices and enable rapid emergency communication without human intervention.Overall, the
proposed mechanism offers a practical and economical enhancement for two-wheeler safety through real-time
monitoring and accident response automation.
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I. INTRODUCTION

. IN INDIA, TWO-WHEELERS ARE AMONG THE MOST WIDELY USED MODES OF TRANSPORTATION, WHICH
UNFORTUNATELY EXPOSES RIDERS TO A HIGHER RISK OF SEVERE INJURIES DURING CRASHES.ALTHOUGH LAWS
EXIST TO MAKE WEARING HELMETS COMPULSORY, REAL-WORLD COMPLIANCE IS STILL LOW, AND DRUNK
DRIVING REMAINS ONE OF THE PRIMARY CAUSES OF ROAD TRAGEDIES.TO COUNTER SUCH UNSAFE PRACTICES,
TECHNOLOGICAL SOLUTIONS THAT ENFORCE PROTECTIVE BEHAVIOR AND SUPPORT IMMEDIATE HELP DURING
EMERGENCIES HAVE BECOME ESSENTIAL.A SMART HELMET SYSTEM USES SENSING AND WIRELESS
COMMUNICATION TO CONTINUOUSLY SUPERVISE RIDER CONDITIONS AND UPHOLD SAFETY RULES.THE SYSTEM
DEVELOPED IN THIS PROJECT DETECTS PROPER HELMET USAGE, MEASURES ALCOHOL CONTENT, AND IDENTIFIES
ACCIDENT IMPACTS WHILE EXCHANGING INFORMATION WITH A BIKE-MOUNTED UNIT.THROUGH THIS COMBINED
SAFETY ENFORCEMENT AND AUTOMATED ALERT FUNCTIONALITY, THE MODEL IS INTENDED TO REDUCE
PREVENTABLE HARM AND ACCELERATE RESCUE RESPONSE TIMES

Il. LITERATURE SURVEY

Safety solutions for motorcyclists have attracted wide research interest, especially in designs that
automatically monitor rider behaviour and riding conditions. Many previous developments demonstrated that
integrating sensors with communication modules can support accident avoidance and speed up emergency
help.
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Some researchers designed systems that verify helmet usage using detection sensors placed inside the
helmet. They proposed that restricting the ignition when the helmet is not worn encourages responsible riding
and reduces critical head injuries. Other studies focused on alcohol-sensing helmets, showing that real-time
breath monitoring can prevent riders from operating a motorcycle under unsafe conditions.

Additional work examined solutions for immediate accident response. By embedding shock-detection
sensors in the helmet and pairing them with GPS and GSM communication, these systems are capable of
identifying collision events and delivering the location instantly to emergency contacts. Research findings
collectively indicate that merging these safety features into a single smart helmet can create a proactive
protection system that reduces loss of life during road accidents

I1l. RESEARCH METHODOLGY

e . The system begins by confirming that the rider is wearing the helmet, which is sensed using an
Infrared module placed inside the helmet lining. When appropriate reflection from the IR source is
detected, the signal confirms correct helmet usage. If this condition fails, the system prevents
ignition and restricts vehicle movement until the helmet is worn.

e To address drunk-driving risks, the MQ-3 breath sensor continuously evaluates alcohol presence in
the exhaled air. The measured value is compared against a predefined safety threshold inside the
Arduino controller. If the value exceeds the limit, the vehicle ignition remains disabled and the rider
is alerted regarding unsafe behavior.

e All safety inputs from the helmet — including wearing status and alcohol readings — are sent
wirelessly to the motorcycle unit through Bluetooth communication. This ensures a live connection
between the safety hardware mounted on the helmet and the bike electronics.

e Along with helmet detection and alcohol analysis, the system uses a force/impact sensor to register
any sudden hit or shock that may indicate a possible crash. This sensor generates immediate alerts
whenever abnormal pressure is detected, and the Arduino evaluates this information to determine
whether an accident has taken place.

e If an accident is confirmed, the GPS module is activated to gather the present location of the rider.
The obtained coordinates (latitude and longitude) help in pinpointing the crash site accurately. Right
after this, the GSM module automatically sends an alert SMS to predefined contacts carrying both
the warning and location details. This helps families or emergency support teams to react quickly.

1. Helmet Detection — The IR sensor identifies whether the rider has properly worn the helmet and sends this
state to the controller.

2. Alcohol Monitoring — The MQ-3 breath sensor evaluates alcohol concentration and flags the system when
the reading crosses the allowed safety limit.

3. Data Communication — The Arduino collects all helmet-side sensor outputs and sends the processed data to
the vehicle module wirelessly using Bluetooth.

4. Impact Recognition — The force sensor responds to sudden strikes and alerts the controller, indicating that
a crash event may have occurred.

5. Position Tracking — When a crash situation is detected, the GPS module is activated to capture the rider’s
current location in terms of latitude and longitude, ensuring the accident spot can be identified accurately.

6. SMS Transmission — The GSM module generates and forwards the emergency message along with GPS
details to the registered contacts for immediate help.

7. Safety Control — Based on all sensor conditions, the system either enables ignition or blocks it, while also
initiating emergency actions when required.
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Figure 1: Transmitter Side

Figure 2: Processing Unit
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IV. RESULT AND DISCUSSION

A series of practical tests were performed to verify how effectively each sensing module and communication
unit operates within the developed system

The IR-based helmet detection module consistently differentiated between valid helmet-worn conditions
and cases where the helmet was absent or loosely placed. These observations indicate strong reliability across
different environmental situations, ensuring that ignition control remains accurate.

Similarly, the MQ-3 alcohol sensor demonstrated high sensitivity in recognizing variations in breath alcohol
content. Even slight increases above the threshold were identified, allowing the system to intervene before
unsafe driving could occur.

During controlled impact trials, the force sensor responded immediately to abrupt mechanical shocks,
enabling the controller to recognize accident conditions without delay. This responsiveness is crucial for timely
activation of alert mechanisms.

The Bluetooth communication link between the helmet and bike unit operated smoothly within its
designated wireless range. Safety-related data such as wearing status, alcohol levels, and impact alerts were
transmitted with negligible delay, supporting uninterrupted system monitoring.

Evaluation of the GPS module showed that location coordinates were obtained promptly and with
satisfactory accuracy. This ensures that emergency alerts contain precise geographical information, which is
vital for quick assistance.

The GSM module further enhanced system reliability by successfully delivering automated SMS alerts
containing accident notifications and GPS coordinates. Although message delivery time occasionally varied
depending on network strength, timely communication was achieved in all tested scenarios.

Overall, the integration of sensing, safety control, and communication elements validated that the prototype
is capable of performing effectively under real operating conditions and can significantly improve emergency
responsiveness and rider safety

V. CONCLUSION

The developed smart helmet prototype demonstrates a comprehensive solution for enhancing the safety of
two-wheeler riders. By jointly implementing helmet-wear verification, alcohol control, accident detection, and
automated emergency messaging, the system provides proactive monitoring throughout the ride.Experimental
observations confirmed that the IR sensor reliably validated helmet usage while the MQ-3 sensor precisely
identified alcohol presence, ensuring that ignition is permitted only under safe conditions. Additionally, the
force sensor effectively recognized impact events, enabling rapid initiation of emergency procedures.

Incorporating GPS and GSM communication strengthened the overall design by ensuring accurate location
tracking and quick dissemination of alert messages to emergency contacts.

These results confirm that the system has practical potential as an assistive safety tool for riders and as an
embedded solution to reduce accidental fatalities through timely response.

Future enhancements may include direct integration with the vehicle’s ECU, cloud-based monitoring, and
advanced sensing mechanisms to further improve detection accuracy and overall system robustness.
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