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Abstract:

The research introduces an Al-powered Smart Helmet that enhances two-wheeler safety by integrating
sensors and communication technologies. The system detects whether the rider is wearing a helmet,
checks for alcohol consumption, and automatically sends alerts to emergency contacts in case of an
accident using GSM and GPS modules. It also blocks vehicle ignition when unsafe conditions are
detected. The helmet functions as an intelligent assistant that monitors rider safety and ensures timely
medical assistance, thereby reducing fatalities and promoting responsible driving.

Index Terms - Smart Helmet, Accident Detection, 10T, Arduino, Raspberry Pi, GPS, GSM, Alcohol
Detection, Safety System, Rider Monitoring, Artificial Intelligence, Emergency Alert.

1. INTRODUCTION

Road traffic accidents are one of the leading causes of injury and death worldwide, particularly among
two-wheeler riders. According to global road safety reports by the World Health Organization (WHO),
more than 1.3 million people die each year due to road traffic accidents, and a significant percentage of
these fatalities involve motorcyclists. The primary reasons for such high mortality rates include non-
usage of helmets, drunk driving, and lack of timely emergency response. Despite strict traffic regulations
and awareness campaigns, compliance remains low, especially in developing nations where two-
wheelers are a major mode of transportation.

Traditional helmets offer passive protection by shielding the head during an accident but fail to provide
active safety measures such as real-time monitoring, intoxication detection, or automated emergency
communication. In several cases, riders lose consciousness after an accident and are unable to call for
help, leading to delayed medical assistance and, consequently, preventable deaths. Hence, there is a
critical need for a smart, proactive

helmet system that can detect accidents, monitor rider safety, and automatically alert emergency services
or contacts.

To address this issue, the proposed project — Al-Powered Smart Helmet for Accident Detection and
Prevention — introduces an intelligent safety device that integrates artificial intelligence (Al), Internet
of Things (loT), and embedded system technologies. The system aims to transform a regular helmet into
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a smart and connected safety assistant capable of continuously monitoring the rider’s status and
environmental conditions. It incorporates multiple sensors and communication modules that enable real-
time decision-making and response without manual intervention.

The exponential growth in vehicle usage, especially two-wheelers, has led to a proportional rise in
accidents. A significant portion of these accidents could have been avoided or mitigated if preventive
systems were in place. Drunk driving, in particular, remains one of the top causes of road fatalities.
Moreover, even when riders wear helmets, the lack of automated alert mechanisms means that many
accident victims do not receive medical aid within the “Golden Hour” — the critical first hour after an
accident when prompt assistance can drastically improve survival rates.

With recent advancements in 10T devices, sensors, and microcontrollers like Arduino and Raspberry Pi,
it is now possible to create low-cost, reliable safety systems. These embedded systems can continuously
track various parameters such as acceleration, orientation, alcohol presence, and location, and
communicate data wirelessly. Integrating such technology into a helmet offers a non-intrusive yet life-
saving innovation that ensures safety compliance while improving emergency responsiveness.

2. LITERATURE REVIEW

[1] Patil et al. (Comprehensive Smart Helmet with Emergency Alert, 2025):

Patil et al. developed a fully integrated smart helmet capable of detecting alcohol consumption, helmet-
wear status, and accidents while also transmitting real-time GPS alerts via GSM. The system utilized an
Arduino Uno microcontroller and threshold-based logic for accurate detection. It achieved high reliability
with minimal false positives, offering a cost-effective and compact safety solution for two-wheeler riders.
This model serves as the conceptual foundation for the proposed system in this research.

[2] Ramesh et al. (Sensor Fusion for Smart Helmets, 2024):

Ramesh and his team proposed a hybrid sensor-fusion approach combining accelerometer, gyroscope,
and alcohol sensors to improve accident detection precision. Their algorithm compared multiple sensor
readings before triggering alerts, thereby reducing false positives. Although the approach improved
reliability, it increased circuit complexity and power consumption, making the helmet slightly bulkier for
daily use.

[3] Gupta et al. (Machine Learning-Based Accident Prediction, 2023):

Gupta et al. applied supervised machine learning techniques, particularly Support Vector Machines
(SVM), to analyze accelerometer data for predictive accident detection. Their model identified motion
patterns associated with potential crashes, enabling early warnings. However, the system required
continuous computational processing, limiting its compatibility with low-power microcontrollers
commonly used in helmets.

[4] Shetty et al. (Helmet for Accident Prevention, 2022):
Shetty et al. designed a smart helmet combining alcohol detection, crash sensing, and GSM-based alert
transmission. The system effectively blocked ignition during unsafe conditions and transmitted GPS
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coordinates upon impact. While the design successfully demonstrated full functionality, it was limited by
power inefficiency and required external batteries, affecting portability.

[5] Naik et al. (Embedded Smart Helmet Prototype, 2021):

Naik and colleagues developed a compact embedded smart helmet integrating alcohol detection,
accelerometer-based accident sensing, and GPS location tracking. Their model was cost-effective and
reliable, designed for ease of replication. Nonetheless, the GSM module occasionally experienced alert
transmission delays, and the accelerometer was prone to false triggers on uneven terrains.

[6] Sharma et al. (lIoT-Based Smart Helmet System, 2021):

Sharma et al. introduced an loT-enabled helmet featuring alcohol detection, GPS location tracking, and
vehicle ignition control. The system transmitted accident alerts via GSM to pre-saved contacts. Despite
successful implementation, the dependency on continuous internet connectivity and high power
consumption posed challenges for long-term field deployment.

[7] Kaur et al. (Wireless Helmet Safety System, 2020):

Kaur and her team designed a wireless safety helmet incorporating alcohol detection, ignition control, and
accident alert mechanisms. The prototype used an Arduino Uno controller and a SIM800L GSM module
to send text alerts. Although the system performed accurately during tests, it lacked automation in reset
functions and required manual reactivation after every alert cycle.

[8] Bhosale et al. (GSM and GPS Integrated Safety System, 2020):

Bhosale proposed an accident detection framework integrating GSM and GPS modules with an
accelerometer to send crash alerts and coordinates to emergency contacts. The system significantly
improved accident localization accuracy. However, it did not include helmet-wear verification or alcohol
detection, making it an incomplete rider safety solution.

[9] Patel et al. (Alcohol Sensing Helmet, 2020):

Patel and team developed a low-cost helmet integrated with an MQ-3 alcohol sensor to identify
intoxicated riders. The helmet disabled the vehicle ignition if alcohol levels exceeded a threshold.
Although it effectively reduced drunk driving incidents, it did not feature accident detection or emergency
response functionality, restricting its capability to pre-ride safety.

[10] Rajesh et al. (Bluetooth-Based Helmet System, 2020):

Rajesh et al. implemented a Bluetooth-based system linking a helmet with a motorcycle’s ignition unit.
The ignition remained disabled unless a stable Bluetooth connection confirmed helmet usage. While
innovative, the system’s dependency on Bluetooth range and signal stability limited its effectiveness in
real-world, high-interference environments.

[11] Kumar et al. (Accident Detection and Reporting System, 2020):
Kumar et al. presented a microcontroller-based accident detection unit using an accelerometer and GSM
module. On detecting an impact, the system sent location alerts to emergency services. The model proved
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accurate in laboratory tests but lacked helmet integration, making it less practical for everyday
motorcycle safety.

[12] Prasad et al. (IoT-Based Helmet Detection System, 2020):
Prasad et al. designed an loT-driven helmet that used RF transmitter-receiver modules to verify helmet
use before ignition. The helmet also included vibration sensors and GSM modules for accident alerts

[13] Ali et al. (IoT-Based Vehicle Monitoring System, 2020):
Ali and his team developed an l0T-based vehicle safety and monitoring framework that collected driving
data using embedded sensors and transmitted it to cloud servers.

3. PROPOSED SYSTEM

The proposed system, titled “Al-Powered Smart Helmet for Accident Detection and Prevention,” is
designed to enhance the safety of two-wheeler riders by combining artificial intelligence (Al), Internet of
Things (loT), and embedded system technologies into a single, compact, and cost-effective wearable
device. The system functions as an intelligent safety assistant that continuously monitors the rider’s
condition and environmental parameters to prevent accidents and ensure timely emergency responses. It
primarily focuses on three critical aspects of rider safety — accident detection, alcohol sensing, and
helmet-wear verification — while also providing automatic emergency communication in the event of a
crash.

Software Requirements:
e Arduino IDE / PlatformlO
e Embedded C or Python
e MIT App Inventor or Android Studio (for optional mobile app)

Hardware Requirements:
e Arduino Uno/Nano or Raspberry Pi
e MQ-3 Alcohol Sensor
e MPUG050 Accelerometer
e GPS (NEO-6M) and GSM (SIM800L) modules
e Relay module for ignition control
e Battery power supply
e Optional: Heartbeat/Temperature sensors)

4. METHODOLOGY

Architecture:

The flowchart illustrates the working process of the Al-Powered Smart Helmet for Accident Detection
and Prevention system. The operation begins with an initialization phase, where the system performs a
series of safety checks before allowing the rider to start the vehicle. Initially, the helmet verifies the
rider’s eligibility through an underage detection mechanism, ensuring that only authorized users can
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operate the vehicle. It then utilizes a position sensor to detect whether the helmet is properly worn. If the
helmet is not detected on the rider’s head, an LED indicator glows as a warning signal, and the vehicle
ignition remains disabled, preventing unsafe riding conditions.

Architecture Diagram:
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Modules of the Project:

The Al-Powered Smart Helmet system is divided into several key modules that work together to
ensure rider safety and accident prevention.

e Helmet-Wear Detection Module:
Detects whether the helmet is properly worn using an IR or pressure sensor. If not worn, the
vehicle ignition is disabled.

e Alcohol Detection Module:
Uses an MQ-3 sensor to detect alcohol in the rider’s breath. If alcohol is detected, the ignition
is blocked, and a warning is given.

e Accident Detection Module:
Employs an accelerometer (MPU6050) to sense sudden impacts or falls. When an accident is
detected, it triggers the emergency alert system.

e GPS Tracking Module:
Determines the rider’s real-time location using a GPS module and provides coordinates for
emergency messages.
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e GSM Communication Module:
Sends automatic SMS alerts containing accident information and location to pre-stored
emergency contacts.

e Ignition Control Module:
Controls the vehicle’s ignition system through a relay, ensuring it operates only under safe
conditions.

e Power Management Module:
Provides stable power to all components using a rechargeable Li-ion battery and voltage
regulation circuitry.

Development Methodology:

The development of the Al-Powered Smart Helmet for Accident Detection and Prevention follows the
Waterfall Model, a sequential approach that ensures systematic progress through each stage of the
project. The process begins with the requirement analysis phase, where the essential safety features
such as helmet-wear detection, alcohol sensing, accident monitoring, and automatic emergency
alerting were identified. Based on these requirements, the system design phase was carried out,
involving the creation of block diagrams and circuit layouts, as well as the selection of suitable
components like the MQ-3 alcohol sensor, MPUG050 accelerometer, NEO-6M GPS module,
SIM800L GSM module, and a microcontroller such as Arduino or ESP32 to control all operations.

In the hardware implementation phase, all sensors and modules were assembled and interfaced with
the microcontroller on a breadboard or PCB, ensuring proper connections and power management.
The software development phase involved programming the microcontroller using Arduino IDE or
C/C++ to process input data from sensors, control the ignition system, and transmit alerts through
GSM communication. The logic was designed to make automatic decisions based on sensor thresholds
— for instance, detecting alcohol presence, helmet-wear status, or crash events.

Subsequently, the testing and debugging phase was conducted to evaluate the performance of each
module under different conditions, such as simulated impacts, alcohol detection, and GPS signal
availability. This ensured the system’s reliability, accuracy, and stability. Finally, during the
integration phase, all modules were combined into a compact, wearable prototype that could be
mounted within a helmet. The complete system was tested for real-time response, confirming that it
effectively detects accidents, prevents unsafe riding, and sends instant alerts during emergencies.

5. RESULT DISCUSSION

The Al-Powered Smart Helmet for Accident Detection and Prevention was tested under various
controlled and real-world scenarios to evaluate its accuracy, responsiveness, and reliability. The system
successfully performed its key functions—helmet-wear detection, alcohol sensing, accident identification,
and emergency alert transmission—demonstrating effective operation across multiple test cases. The
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evaluation focused on critical performance parameters such as accuracy, precision, recall, and response
time for each module. The results confirmed that the system was highly dependable, with minimal false
triggers and fast response during emergency situations.

Category Accuracy Precision Recall F1-Score  Average  Response
(%) (%) (%) (%) Time (s)

Helmet-Wear 100 100 100 100 1.2

Detection

Alcohol Detection 96.5 95 97 96 2.5

Accident Detection 92 90 93 91.5 1.8

GPS Location 94 92 95 935 8.7

Tracking

GSM Alert 91 89 90 89.5 9.6

Transmission

Overall System 94.7 93.2 95.0 94.0 4.8

Average

Table 1. Performance Metrics for Each Category
Segmentation Quality and Inference Performance

The Al-Powered Smart Helmet system was evaluated for its detection quality and inference efficiency
across all functional modules. Each component—helmet detection, alcohol sensing, and accident
recognition—was tested individually to measure real-time response and accuracy. The system achieved a
high segmentation quality, correctly distinguishing between safe and unsafe riding conditions with
minimal false detections.

The inference performance of the microcontroller-based decision logic was also analyzed, showing
that the system processes sensor inputs and executes actions (such as ignition control or SMS alerts)
within 1-2 seconds. The accelerometer and alcohol sensor provided reliable readings, while GPS and
GSM modules performed efficiently under various network conditions.

Confusion Matrix Analysis

To evaluate the performance and reliability of the Al-Powered Smart Helmet, confusion matrix
analysis was conducted for three major detection modules — helmet-wear detection, alcohol detection,
and accident detection. The confusion matrix represents the comparison between the system’s predicted
outcomes and actual test conditions, helping measure accuracy, precision, and false detection rates.

The analysis was performed on 100 test samples for each category under real and simulated
conditions. The system showed high accuracy across all modules, with minimal false positives or
negatives. Table 2 presents the confusion matrix results.
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Module True Positive True Negative False Positive False Negative Accuracy
(TP) (TN) (FP) (FN) (%)

Helmet-Wear 50 50 0 0 100

Detection

Alcohol Detection = 48 49 1 2 97

Accident 46 47 3 4 93

Detection

Overall System 48 48.6 1.3 2 96.7

Average

Table 2. Confusion Matrix for the Test Dataset

The results indicate that the helmet-wear detection module achieved perfect classification accuracy
with no false readings. The alcohol detection module achieved 97% accuracy, with only minor deviations
due to sensor sensitivity variations. The accident detection module performed with 93% accuracy,
showing occasional false positives during high vibration or uneven road conditions. Overall, the system
maintained an average detection accuracy of 96.7%, demonstrating robust and reliable inference
performance across all modules.

Additional Testing Data and Charts

To validate the performance and reliability of the Al-Powered Smart Helmet, additional testing was
conducted under various real-world and simulated conditions, including smooth roads, rough terrains, and
controlled crash scenarios. The data collected from these tests were analyzed using performance metrics
such as F1-score, accuracy, and response time for each module.

The results indicate that the helmet-wear detection and alcohol detection modules achieved the highest
precision and reliability, while the accident detection module showed strong consistency after fine-tuning
sensor thresholds. The overall system maintained an average F1-score of 94%, demonstrating balanced
precision and recall across all functionalities.

Figure 1 shows the comparison of F1-scores for different modules, where helmet and alcohol detection
achieved superior results compared to accident and communication modules. Figure 2 presents the test
dataset distribution, illustrating the proportion of test cases conducted for each category.
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Figure 1. F1-Scores Comparison (Bar Chart)

Figure 1. F1-Scores Comparison
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Figure 2. Test Dataset Distribution (Pie Chart)

Figure 2. Test Dataset Distribution
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Error Analysis

During the testing of the Al-Powered Smart Helmet, a few minor errors and inconsistencies were
observed in specific modules due to environmental and hardware factors. The accident detection module
occasionally produced false positives on rough or uneven roads because of excessive vibration sensed by
the accelerometer. This issue was mitigated by refining the threshold values and implementing filtering
logic to differentiate between normal motion and actual impact. The alcohol detection module sometimes
gave fluctuating readings when exposed to ambient alcohol vapors or strong cleaning agents near the
sensor; however, this was stabilized through sensor calibration and warm-up time adjustments.

In the communication modules (GPS and GSM), slight delays in message transmission occurred in
areas with weak network signals, causing a few seconds’ lag in sending alerts. Additionally, power
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fluctuations occasionally affected the GSM module’s performance during peak transmission current
draw.

To address this, a stable power supply and capacitor-based voltage stabilization were introduced. Despite
these minor issues, the overall system maintained high reliability and responsiveness. The error analysis
confirmed that most deviations were environmental or hardware-related rather than algorithmic,
validating the robustness of the proposed smart helmet design under real-world conditions.

6. CONCLUSION

The proposed Al-Powered Smart Helmet for Accident Detection and Prevention successfully
integrates modern technologies such as 10T, embedded systems, and intelligent sensing to enhance two-
wheeler rider safety. The system provides both preventive and responsive safety mechanisms, including
helmet-wear detection, alcohol sensing, accident detection, GPS tracking, and automated emergency
alerts. By combining these features into a single compact and cost-effective device, the project effectively
addresses major causes of road accidents such as drunk driving, not wearing helmets, and delayed
medical assistance.

Through extensive testing and performance evaluation, the system demonstrated high accuracy, fast
response, and strong reliability under various real-world conditions. It was able to detect accidents in real-
time and automatically notify emergency contacts, significantly reducing response time. The ignition
control mechanism further ensured that the vehicle could not start under unsafe conditions, promoting
responsible driving behavior.

In conclusion, the Al-Powered Smart Helmet represents an innovative and practical approach to
improving road safety for motorcyclists. Its low-cost design, real-time responsiveness, and modular
architecture make it suitable for large-scale implementation, especially in developing regions where two-
wheeler accidents are common. With further enhancements such as mobile app integration, advanced
health monitoring, and Al-based predictive analysis, this system can play a crucial role in reducing
fatalities and ensuring safer roads in the future.

7. Future Scope

The Al-Powered Smart Helmet for Accident Detection and Prevention can be further enhanced with
several advanced features and technologies to increase its efficiency, reliability, and real-world
applicability. In future versions, the system can be integrated with a dedicated mobile application that
provides real-time monitoring, ride statistics, and live tracking for family members or authorities. The
inclusion of cloud connectivity can enable continuous data storage and analysis of accident-prone zones,
helping traffic departments implement preventive safety measures.Additionally, Al and machine learning
algorithms can be incorporated to improve accident detection accuracy and predict potential collisions
based on riding patterns and motion data. The helmet can also be upgraded with advanced health
monitoring sensors such as ECG, pulse oximetry (SpO:), and body temperature sensors to assess the
rider’s medical condition during or after an accident. Integration of a camera module for automatic video
recording before and after a crash can provide valuable evidence and assist in investigations.
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