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Abstract: The Accident prevention and detection for vehicle safety system enhances rider safety through
real-time monitoring and automated responses . The helmet features an IR sensor to ensure it is worn before
allowing vehicle ignition and a gas sensor to detect alcohol consumption, restricting vehicle operation if
necessary. Additionally, a vibration sensor, temperature sensor and ultrasonic sensor detect
accidents ,engine temperature and obstacles, automatically stopping the vehicle in critical situations. The
ESP8266 module and GSM transmits GPS location and sensor data to the Firebase cloud and related
person numbers as SMS, enabling real-time monitoring and emergency alerts. The system also integrates
a motor driver and DC motor to control vehicle movement based on detected safety conditions. By
leveraging loT technology and intelligent sensing mechanisms, this smart helmet system reinforces helmet
compliance, prevents hazardous riding behaviors, and significantly enhances road safety.

Index Terms — 10T, Accident Detection ,Alcohol Detection, Real-Time Monitoring, Emergency Alert
System, Cloud Integration

. INTRODUCTION

The Accident Prevention and Detection for Vehicle Safety System enhances rider safety through real-
time monitoring and automated responses. The helmet features an IR sensor to ensure it is worn before
allowing vehicle ignition and a gas sensor to detect alcohol consumption, restricting vehicle operation if
necessary. Additionally, a vibration sensor, temperature sensor and ultrasonic sensor detect accidents,
engine temperature and obstacles, automatically stopping the vehicle in critical situations. The ESP8266
module and GSM transmits GPS location and sensor data to the Firebase cloud and related person
numbers as SMS, enabling real-time monitoring and emergency alerts. The system also integrates a
motor driver and DC motor to control vehicle movement based on detected safety conditions. By
leveraging loT technology and intelligent sensing mechanisms, this smart helmet system reinforces
helmet compliance, prevents hazardous riding behaviors, and significantly enhances road safety.

1.1 Key Points:
1. IR Sensor ensures the helmet is worn before starting the vehicle.
Gas Sensor detects alcohol; prevents vehicle ignition if alcohol is detected.
ESP8266 WiFi Module uploads data (location and sensor readings) to Firebase Cloud.
Vibration Sensor identifies accidents or major impacts.
Temperature Sensor monitors engine temperature to avoid overheating.
Real-time remote monitoring and automated emergency alerts using I0T technologies.
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1. LITERATURE SURVEY

Road accidents are a leading cause of death globally, and technologies aimed at accident prevention and
detection have become a significant research focus in recent years. Traditional safety measures often lack
real-time response mechanisms, prompting the integration of Internet of Things (IoT), smart sensors, and
wireless communication technologies to enhance vehicle and rider safety.

1.1 Key Findings:
1 Helmet Compliance Enforcement: Using IR sensors ensures that the helmet is properly worn before
the vehicle can start, greatly reducing non-compliance among riders
.2. Alcohol Detection for Drunk Driving Prevention: Gas sensors accurately detect alcohol levels and can
disable vehicle ignition, helping to prevent accidents caused by impaired driving.
3 Accident Detection through Vibration Sensors: Vibration and impact sensors can effectively detect
accidents in real-time, enabling immediate emergency response.
4. Engine Overheat Monitoring: Temperature sensors help prevent engine failures and fire hazards
by monitoring critical temperature thresholds.
5.Real-Time Data Upload and Alerts: ESP8266 WiFi module allows sensor data and GPS locations
to be uploaded to the Firebase cloud for live monitoring. GSM module ensures emergency alerts (SMS with
GPS location) are sent to predefined contacts immediately after an accident.
6.l10T-Based Integrated Safety System: Combining IoT, cloud services, and sensor technologies
enables a comprehensive accident prevention and detection solution that improves road safety significantly.

1.2 Gaps in Existing Research:

1. The existing rider safety system primarily relies on traditional helmets that offer only physical
protection without smart monitoring capabilities.

2. Alcohol detection in riders is typically enforced through manual breathalyzer tests by traffic
authorities, which are not continuous or automated.

3. Accident detection depends on external witnesses or delayed emergency responses, while obstacle
avoidance is managed by rider awareness alone. Additionally, vehicle ignition is independent of
helmet usage, leading to non-compliance with safety measures.

4. Real-time monitoring and automated emergency alerts are generally absent, limiting the
effectiveness of accident prevention and response. These gaps highlight the need for an intelligent,
loT-enabled safety solution.

2.3 Contribution of Our Study:

Our study aims to address these gaps by developing a Accident Prevention And Detection For
Vehicle Safety System is designed to enhance rider safety by integrating 10T and sensor-based
monitoring. The system ensures that the vehicle starts only when the helmet is worn, using an IR sensor
to detect its presence. and also we use temperature sensor for finding engine temperature Additionally,
a gas sensor detects alcohol consumption The ESP8266 module enables 10T connectivity by
transmitting GPS location and sensor data to the Firebase cloud and to related person as SMS with the
help of GSM, allowing for real-time monitoring and emergency alerts.A motor driver and DC motor
control vehicle movement, ensuring automated responses based on detected safety conditions. This
smart helmet system not only reinforces helmet compliance but also provides a proactive safety
mechanism that prevents hazardous riding behaviors, detects potential risks, and facilitates quick
emergency responses. By leveraging loT and intelligent sensing, it significantly enhances road safety
and reduces accident risks.
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RESEARCH METHODOLOGY

This section outlines the research Problem Identification, Literature Survey, System Design and
Architecture, Sensor Integration, Communication Setup, Control Logic Programming, Vehicle Movement
Control, Data Collection, Testing and Validation.

3.1 Scope and Environment

Application Scope: The system is designed for smart transportation and vehicle safety, with
applications in two-wheelers, delivery fleets, and personal commuting, targeting accident prevention,
real-time monitoring, and emergency response.

Data Type Focus: Focuses on real-time sensor data such as helmet usage (IR sensor), alcohol
detection (gas sensor), collision impact (vibration sensor), engine temperature (temperature sensor),
and obstacle detection (ultrasonic sensor). It also transmits GPS coordinates and SMS alerts.
Deployment Target: The system is built to operate in both resource-constrained environments (like
embedded systems in helmets and bikes) and high-resource backends (cloud databases like Firebase
and monitoring dashboards), ensuring flexibility in deployment.

Hardware Environment: Utilizes microcontrollers (NodeMCU ESP8266, Arduino), GSM
modules, GPS modules, various safety sensors, DC motors, and motor drivers integrated into the
vehicle and helmet setup.

Software Environment: Embedded C/C++ for firmware, Arduino IDE for development, Firebase
for cloud data storage, and basic web technologies for optional real-time visualization.

3.2 Data and Sources of Data
Data Types Used:

(@)

@)
©)
@)

Real-time sensor data from helmet and vehicle sensors (IR sensor, gas sensor, vibration sensor,
temperature sensor, ultrasonic sensor)

GPS location data captured during normal and emergency conditions

SMS alert logs containing accident notifications and location coordinates

System health and operational status data (engine temperature, helmet usage status, obstacle
detection status)

Data Sources:

O

@)
@)
@)

Live sensor readings collected from hardware components integrated into the prototype
Simulated accident scenarios to test sensor response and data transmission

GPS tracking data generated during test rides in different conditions

Firebase cloud database storing historical and real-time monitoring records

3.3 Theoretical Framework
Core Components:

©)
@)

O O O O

o O

IR Sensor Module: Detects whether the helmet is worn before ignition is allowed.

Gas Sensor (MQ3): Detects alcohol consumption by the rider and disables vehicle operation if
alcohol is present.

Vibration Sensor: Senses strong impacts indicating accidents or collisions.

Ultrasonic Sensor: Measures distance to nearby obstacles for collision avoidance and safe stopping.
Temperature Sensor: Monitors engine temperature to detect overheating conditions.

Motor Driver (L298N) and DC Motor: Controls vehicle ignition and stopping mechanisms based on
sensor input.

ESP8266 Wi-Fi Module: Sends real-time sensor and location data to Firebase cloud storage.

GSM Module (SIM800L): Sends SMS alerts with GPS coordinates to emergency contacts when
accidents are detected.

System Logic:

@)
@)

Helmet must be worn and no alcohol detected for vehicle ignition to be enabled.

During vehicle operation, sensors continuously monitor for obstacles, high temperatures, or
vibrations.

On detecting an accident or unsafe condition, the vehicle is stopped automatically, and an alert is
sent via SMS and updated in Firebase.

Authorized persons can track real-time status through a connected mobile application or web
dashboard linked to Firebase.
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3.4 Statistical Tools / Analysis Model
o Comparative Analysis:
o Different sensor responses (e.g., vibration, temperature, ultrasonic readings) were compared
to validate accident detection accuracy.
o System performance under different conditions (helmet worn/not worn, alcohol detected/not
detected, obstacle proximity) was analyzed to evaluate reliability.
e Performance Metrics:
o Accuracy: Percentage of correctly detected safe and unsafe events.
o Precision and Recall: Evaluated for accident detection and false alarm rates.
o F1-Score: Balance between precision and recall for overall system effectiveness.
o Response Time: Time taken from event detection to emergency notification.
e Visual Aids:
o Event Detection Charts: Graphical representation of accident vs. non-accident events.
o Sensor Response Curves: Visualization of sensor readings during different test cases.
o Notification Latency Graphs: Analysis of cloud upload time and SMS delivery delays.

Tools and Technologies Used in This Research:
e Programming Languages: Java, C (for system firmware and device interfacing)
o Libraries/Frameworks:
o ESP8266: For Wi-Fi communication and cloud interaction.
o Firebase SDK: For real-time database synchronization and SMS alerts.
o Arduino IDE: For embedded system development and programming of sensors and
microcontroller.
o OpenCV (Optional): For integrating visual monitoring (e.g., cameras or other sensors).
o Hardware Requirements:
o Microcontroller: Arduino/ESP32 for vehicle control and data collection.
o Sensors:
= IR Sensor (Helmet detection)
= Gas Sensor (Alcohol detection)
= Vibration, Temperature, and Ultrasonic Sensors (Accident detection)
o Connectivity: GSM Module (for SMS), Wi-Fi (via ESP8266), and GPS Module (for location
tracking).
o Power Source: Standard 5V power supply for the sensors and microcontroller.

I1l. BRIEF DESCRIPTION OF THE SYSTEM

The APDFVS System is an loT-driven vehicle safety system designed to enhance rider safety by leveraging
real-time monitoring, automated responses, and smart helmet technology. It ensures compliance with helmet
usage, detects hazardous riding behaviors, and provides automated emergency alerts. The following figures
illustrate key components of the system's architecture and operations.

Helmet Detection and Vehicle Operation Flow

e Process Overview: The process begins when a rider wears the helmet, triggering the IR sensor to
ensure it is correctly worn before vehicle ignition is allowed. If the helmet is not detected, the ignition
is prevented.

o Alcohol Detection: The system also integrates a gas sensor to detect alcohol consumption. If alcohol
levels are detected above a certain threshold, the system restricts vehicle operation to prevent
impaired driving.

o Additional Safety Features: The system includes vibration, temperature, and ultrasonic sensors to
detect accidents, engine malfunctions, or obstacles, automatically halting the vehicle in critical
situations to prevent further harm.
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Accident Detection and Emergency Alert Mechanism

o Detection Process: When an accident occurs, the system detects unusual vibrations, sudden
temperature changes, or obstacle collisions through the sensors. The system then automatically stops
the vehicle and triggers an alert.

o Emergency Alerts: The ESP8266 module sends real-time GPS location data along with sensor data
to the cloud and the designated emergency contacts via SMS.

o Real-time Monitoring: Emergency contacts, as well as related personnel, receive immediate
notifications of the accident, ensuring timely response.

System Architecture Overview

o User Interaction: The system’s user interface interacts with a backend API powered by Spring Boot,
coordinating all vehicle control operations, sensor data processing, and communication with the
cloud.

o Data Flow: Sensor data, including GPS and system health metrics, are transmitted via the ESP8266
module to the Firebase cloud. The system uses secure communication protocols to ensure data
privacy and integrity.

« Cloud Storage and Database: All event logs, sensor data, and emergency alerts are stored in Firebase,
providing real-time access and monitoring for emergency contacts and system administrators.

e Admin Dashboard: A centralized dashboard enables administrators to monitor sensor status, track
vehicle usage, and update security policies for real-time control.

IV. RESULTS AND DISCUSSION

4.1 Results of Descriptive Statics of Study Variables

Table 4.1: Descriptive Statistics of Safety System Efficiency and Response Performance

. Average Emgr_gen_cy
Scenario Detection Response Notification Sys’gem False Alarm
Accuracy (%) | - Success Rate | Uptime (%) | Rate (%0)
Time (ms) (%)
Helmet Wear | gq 50, 150 ms 100% 99.8% 0.5%
Detection
Alcohol
Consumption 98.5% 180 ms 99% 99.5% 1.0%
Detection
Accident
Detection 97.8% 200 ms 98% 99.2% 1.2%
(Vibration)
Obstacle
Detection 96.3% 170 ms 97% 99.0% 1.5%
(Ultrasonic)
Overheating
Detection 97.5% 160 ms 98% 99.3% 1.0%
(Temp)

Table 4.1 summarizes the performance of the Accident Prevention And Detection for Vehicle Safety
System across five critical detection scenarios: helmet wear detection, alcohol consumption detection,
accident detection, obstacle detection, and engine overheating detection. The evaluation covers key
performance indicators such as detection accuracy, average system response time, emergency notification
success rate, system uptime, and false alarm rate.
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The system achieved outstanding detection accuracy across all scenarios—99.2% for helmet wear detection,
98.5% for alcohol consumption detection, and 97.8% for accident detection through vibration sensors.
Obstacle and overheating detection modules also maintained high accuracies of 96.3% and 97.5%,
respectively. Average response times ranged between 150 and 200 milliseconds, demonstrating rapid
action upon incident detection. Emergency notification success rates were consistently high, ranging from
97% to 100%, ensuring timely communication with emergency contacts. System uptime remained above
99% across all conditions, confirming stable and reliable system operation. The false alarm rates were
minimal, between 0.5% and 1.5%, indicating that unnecessary alerts were effectively minimized.

These results demonstrate that the Accident Prevention And Detection for Vehicle Safety System offers
robust, real-time monitoring and proactive accident prevention, significantly enhancing rider safety and
operational reliability in diverse riding conditions.

V. Figures and Tables
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Fig 4: Architecture diagram of Accident Prevention And Detection For Vehicle Safety System
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Fig 7: The ESP8266 Wi-Fi microcontroller

3.3V

Feature

Traditional System

Proposed loT-Based System

Accident Detection Time

Delayed (Witness Reports)

Instant (Sensor)

Driver Alertness Monitoring Not Available Real-Time Fatigue & Distraction
Detection
Emergency Communication Manual Call (Emergency | Automatic SOS to Hospitals &
Services) Authorities

Response to Hazardous

Conditions

Delayed Human Reaction

Predictive Alerts (e.g., Slippery
Road Warning)

Cloud Connectivity None Data Logging &  Predictive
Analytics
Future Scalability Limited Upgradable with Al & 5G

Technologies

Table 1: Traditional vs. Proposed System
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