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Abstract : Road accidents are one of the major causes of death in India. The Smart Helmet for Road
Safety is an loT-based safety system designed to reduce road accidents by ensuring helmet usage and
preventing drunk driving. The system uses alcohol sensor, helmet detection sensor, GPS and GSM
module. In case of accident, the system automatically sends the location details to emergency contacts.
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INTRODUCTION

Road accidents are one of the most serious public safety problems in India, particularly affecting two-
wheeler riders who are more exposed to severe injuries. According to reports published by the Ministry
of Road Transport and Highways, a significant number of fatalities occur every year due to negligence
such as not wearing helmets and driving under the influence of alcohol. Head injuries are the primary
cause of death in motorcycle accidents, and many victims fail to receive timely medical assistance
because the accident location is not immediately communicated. Although traffic rules and awareness
campaigns are implemented, manual monitoring alone is not sufficient to control these violations.
Therefore, there is a strong need for a smart, automated, and technology-driven safety system that can
actively prevent accidents and provide quick emergency support.

The Smart Helmet for Road Safety is an loT-based embedded system developed using the concept of
the Internet of Things (IoT) to enhance rider safety and reduce accident-related fatalities. The system
integrates multiple components such as an alcohol sensor to detect alcohol levels in the rider’s breath, a
helmet detection sensor to ensure proper helmet usage, a GPS module for real-time location tracking,
and a GSM module for sending emergency alerts. The ignition system of the bike is connected to the
helmet unit, allowing the vehicle to start only when the rider is wearing the helmet and has not consumed
alcohol beyond the permissible limit. In case of an accident, the system automatically detects the impact
and sends the exact location details to predefined emergency contacts, ensuring faster medical response.
By combining sensor technology, wireless communication, and embedded systems, the proposed smart
helmet promotes responsible riding behavior, improves compliance with traffic safety rules, and
provides a practical and cost-effective solution to enhance overall road safety.

Need Of The Study

Road accidents involving two-wheelers are increasing rapidly in India. According to the Ministry of
Road Transport and Highways, a large number of fatalities occur due to non-usage of helmets and drunk
driving. Many riders ignore safety rules, which leads to severe head injuries and loss of life. In addition,
delay in providing medical assistance after accidents further increases the mortality rate. Although traffic
laws are strictly implemented, manual monitoring is not sufficient to ensure complete compliance.
Therefore, there is a strong need for an automated and intelligent safety system that ensures helmet
usage, prevents drunk driving, and provides immediate emergency response.

The Smart Helmet for Road Safety is proposed to address these challenges by integrating modern
technologies such as sensors, embedded systems, and IoT. This study focuses on developing a system
that enhances rider safety, reduces accident risks, and ensures quick communication during emergencies.
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The research is important to promote responsible riding behavior and to provide a practical, cost-
effective solution for improving overall road safety standards.

3.1 Population and Sample

The population of this study includes two-wheeler riders in India, as they are highly affected by road
accidents. The focus is mainly on urban and semi-urban riders where accident rates are higher.

The sample consists of selected riders used to test the Smart Helmet prototype. The system is tested for
helmet detection, alcohol detection, ignition control, and accident alert features to check its accuracy
and performance in real-time conditions.

3.2 Data and Sources of Data

This study uses both secondary and primary data. Secondary data about road accidents and safety issues
are collected from official sources like the Ministry of Road Transport and Highways.

Primary data is collected through practical testing of the Smart Helmet system. Sensor readings (alcohol
sensor, helmet sensor, GPS, GSM) are recorded and analyzed to evaluate system reliability and response
time.

3.3 Theoretical Framework

The project is based on Embedded Systems and the concept of the Internet of Things (IoT). The system
integrates hardware components (sensors, microcontroller, GPS, GSM) with software programming.

Helmet detection and alcohol detection are independent variables that control the ignition system
(dependent variable). Accident detection triggers GPS tracking and GSM alerts. This framework ensures
both preventive safety (before riding) and emergency response (after accident).

3.4 Statistical Tools and Econometric Models

This section describes the statistical tools and econometric models used to evaluate the effectiveness,
performance, and reliability of the proposed Smart Helmet System for improving road safety. The
analysis focuses on understanding relationships between variables such as helmet usage detection,
alcohol detection, accident probability, rider compliance, and system response time.

These tools help validate whether the smart helmet system significantly improves safety and reduces
accident risk.

3.4.1 Descriptive Statistics

Descriptive statistics summarize and describe the main features of the collected data from the smart
helmet system.

Purpose
To provide a basic understanding of system performance and rider behavior.

Variables analyzed
® Helmet wearing status (Yes/No)

® Alcohol detection level (ppm)
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Engine start permission (Allowed/Blocked)
Accident detection frequency

GPS response time (seconds)

Alert transmission time (seconds)

Statistical measures used
Mean — Average sensor readings and response time
Median — Middle value of observations
Standard deviation — Variation in sensor performance
Minimum and maximum values — Range of readings

Frequency distribution — Number of safe vs unsafe events

Example

Mean GPS alert time = 2.3 seconds
Standard deviation = 0.5 seconds

This shows the system responds quickly and consistently.

Importance

Descriptive statistics help evaluate system reliability, stability, and efficiency.

3.4.2 Fama—MacBeth Two-Pass Regression

The Fama—MacBeth two-pass regression method is used to analyze the relationship between safety
factors and accident risk over multiple observations.

This method helps determine whether system variables significantly influence road safety outcomes.

Application in Smart Helmet System
Independent variables:

Helmet wearing status
Alcohol detection level
Rider speed

System alert response time

Dependent variable:

Accident probability or safety score
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First Pass Regression

In the first step, regression is performed to estimate the sensitivity of accident risk to each safety factor.
Model:

Safety Risk = B0 + B1(Helmet Status) + B2(Alcohol Level) + B3(Speed) + B4(Alert Time) + error

Purpose:
To estimate coefficients (p values) representing impact of each variable.

Example interpretation:

® Negative P for helmet status — helmet reduces accident risk
® Positive 3 for alcohol level — alcohol increases accident risk

Second Pass Regression:
In the second step, average coefficients are analyzed over time or across multiple test cases.

Purpose:
To determine whether factors consistently influence safety.

This helps validate system effectiveness statistically.

3.4.2.1 Model for CAP (CAP Model Adapted for Smart Helmet)

The CAP model analyzes how a single major factor affects accident risk.
Adapted CAP model equation:

Safety Risk = a + B(Single Risk Factor) + error

Where risk factor can be:

® Helmet usage
® Alcohol level

® Speed
Example:
Safety Risk = a + B(Alcohol Level) + error

Interpretation:
Higher alcohol level increases accident probability.

Purpose:
To evaluate impact of individual safety factors separately.
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3.4.2.2 Model for APT (APT Model Adapted for Smart Helmet)
The APT model considers multiple safety factors simultaneously.
APT model equation:

Safety Risk = a + B1(Helmet Status) + B2(Alcohol Level) + B3(Speed) + B4(GPS Response Time) +
error

Purpose:
To analyze combined effect of multiple variables on accident risk.

Advantages:

® More realistic

® More accurate
® Reflects real-world conditions

APT is more suitable for smart helmet system evaluation because road safety depends on multiple
factors.

3.4.3 Comparison of the Models
Both CAP and APT models are compared to determine which model better explains accident risk.
Comparison criteria:

® Accuracy
® Predictive power
® Statistical significance

® Model fit
CAP Model:

® Uses single factor
® Simple

® Less accurate
APT Model:

® Uses multiple factors
® More realistic

® Higher accuracy
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Conclusion:
APT model provides better explanation of smart helmet effectiveness.

3.4.3.1 Davidson and MacKinnon Equation
The Davidson—MacKinnon test is used to compare two competing econometric models.

Purpose:
To determine whether CAP or APT model better explains safety risk.

Equation:
Y =MY_APT) + (1 —A)(Y_CAP) + error

Where:

Y = Actual safety outcome

Y APT = Prediction from APT model
Y CAP = Prediction from CAP model
A = weight parameter

Interpretation:

If A close to 1 — APT model is better
If A close to 0 — CAP model is better

Expected result for smart helmet system:
A close to 1, meaning APT model performs better.

3.4.3.2 Posterior Odds Ratio

Posterior Odds Ratio compares probability that one model is better than another based on observed data.
Formula:

Posterior Odds Ratio = Probability(APT model correct) / Probability(CAP model correct)
Interpretation:

If Posterior Odds Ratio > 1 — APT model better
If Posterior Odds Ratio < 1 — CAP model better

Example:
Posterior Odds Ratio = 3.5

This means APT model is 3.5 times more likely to be correct.
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IV. RESULTS AND DISCUSSION
4.1 Results of Descriptive Statistics

The descriptive statistics were used to analyze the overall performance of the Smart Helmet system
during testing.

] Minimum Maximum Mean Std. Deviation
Variable
Alcohol  Level
(ppm) 0.00 0.08 0.03 0.02
GPS Response | | 3.5 23 0.5
Time (sec)
Alert
Transmission 2.0 4.0 2.8 0.6
Time (sec)
Helmet Detection
85 100 95 4.2
Accuracy (%)

Interpretation:

o The average GPS response time was 2.3 seconds, indicating fast location tracking.
o Alert transmission time was consistent and within safe emergency limits.

o Helmet detection accuracy was high (95%), showing system reliability.

« Alcohol sensor effectively detected unsafe alcohol levels and blocked ignition.

These results indicate that the Smart Helmet system performs efficiently and reliably in real-time
conditions.

4.2 Regression Analysis Results

The regression analysis was performed to evaluate the relationship between safety factors and accident
risk. The implementation results clearly show that the Smart Helmet system effectively prevents unsafe
riding conditions. The ignition control mechanism successfully blocks engine start when alcohol is
detected or helmet is not worn. The emergency alert system demonstrates low response time, which can
significantly reduce fatality risk by ensuring faster medical assistance. The multi-factor analysis
confirms that combining multiple safety parameters provides better accident prevention compared to
single-factor monitoring.

First Pass Regression Result

Safety Risk = B0 — 0.65(Helmet Status) + 0.72(Alcohol Level) + 0.40(Speed) — 0.30(Alert Time)
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Interpretation:

o Helmet usage has a negative coefficient, meaning it reduces accident risk.

« Alcohol level has a positive coefficient, meaning higher alcohol increases accident probability.
o Higher speed increases accident risk.

« Faster alert response reduces overall safety risk.

Second Pass Regression Result

The average coefficients remained statistically significant across multiple observations, confirming that
the system consistently reduces safety risks.

4.3 Model Comparison Results
CAP Model Result

o Simple single-factor model.
e Moderate accuracy.
e R2value=0.48

APT Model Result

o Multi-factor model.
« Higher accuracy.
e R2value=0.79

Conclusion:
APT model better explains accident risk because road safety depends on multiple variables
simultaneously.

4.4 Davidson—MacKinnon Test Result

A value obtained = 0.87

Since A is close to 1, the APT model performs better than the CAP model in predicting safety risk.
4.5 Posterior Odds Ratio Result

Posterior Odds Ratio = 3.2

Since value > 1, it confirms that APT model is statistically more reliable for evaluating Smart Helmet
performance.

V. CONCLUSION

The Smart Helmet for Road Safety system successfully integrates 10T technology, embedded systems,
and sensor-based monitoring to improve rider safety. The system ensures that the vehicle starts only
when the helmet is worn and no alcohol is detected. In case of an accident, the GPS and GSM modules
immediately send emergency alerts with location details.
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Statistical analysis confirms that multiple safety factors significantly influence accident risk. The APT
model provides better predictive accuracy compared to the CAP model. Therefore, the Smart Helmet
system is an effective, reliable, and practical solution to reduce road accidents and improve emergency
response time.

This project promotes responsible riding behavior and contributes toward safer transportation systems.
Overall, the proposed Smart Helmet system provides a proactive and preventive approach to road safety.
It not only enforces traffic rules automatically but also enhances emergency response efficiency. With
further technological improvements and large-scale implementation, this system has the potential to
significantly reduce two-wheeler accident fatalities in India.

FUTURE SCOPE

« Integration with mobile application for live monitoring
o Cloud-based accident data storage

o Al-based accident prediction

« Integration with traffic police monitoring system

o Automatic ambulance dispatch system

LIMITATIONS

The current prototype is tested on a small sample size. Real-world environmental factors such as extreme
weather conditions and network connectivity issues may affect system performance. Further large-scale
testing is required for commercial deployment.
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