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ABSTRACT: This research paper details the development of an IoT-based safety solution aimed at reducing road
accidents. The system utilizes an ESP32 microcontroller to monitor driver alertness via infrared eye-blink sensors and
detect vehicle collisions through vibration analysis. Integrated with a mobile application and GPS tracking, the system
provides immediate auditory alerts and transmits precise location coordinates to emergency contacts. Experimental
results validate the system’s reliability in real-time drowsiness detection and impact response. The low-cost and non-
invasive nature of the system makes it a viable solution for widespread adoption in modern transportation safety
frameworks.
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L. INTRODUCTION

Road safety has become one of the most critical concerns in modern transportation systems due to the increasing
number of vehicles and the rising frequency of road accidents worldwide. Among various causes of road accidents,
driver drowsiness and fatigue are considered one of the most dangerous and least controllable factors. According to
road safety studies, a significant percentage of highway accidents occur due to drivers falling asleep or losing
concentration while driving, especially during long-distance travel.

These accidents often lead to severe injuries, loss of life, and property damage. Hence, there is a strong need for an
intelligent system that can continuously monitor the driver’s alertness and take immediate preventive action. To address
this issue, this project presents a Real-Time Driver Drowsiness and Accident Alert System using ESP32 and Blink
Sensor Technology, integrated with mobile communication and GPS-based tracking.

The core idea behind this project is to use human physiological behavior, particularly eye blinking patterns, as an
indicator of alertness. Under normal conditions, a driver blinks at a regular frequency. However, when a person
becomes drowsy or fatigued, the blink rate decreases significantly, and eyelids tend to remain closed for longer
durations. By analyzing these changes using a blink sensor, the system can intelligently determine whether the driver is
alert or at risk.

II. LITERATURE SURVEY

2.1 Camera-Based Driver Monitoring Systems

Camera-based driver monitoring systems use a camera installed inside the vehicle to continuously capture the driver’s
face and analyze eye movements. Image processing techniques such as Haar cascade classifiers and deep learning
models are commonly used. Although accurate under controlled lighting, they face practical limitations such as poor
illumination at night and high computational requirements.

2.2 Physiological Signal-Based Drowsiness Detection

These systems focus on monitoring internal biological signals such as EEG (brain waves) and ECG (heart rate). While
providing high accuracy at a physiological level, they are not widely adopted due to their intrusive nature, as wearing
sensors can be uncomfortable for drivers during long-term travel.
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2.3 Sensor-Based Embedded Systems

Sensor-based embedded systems are widely used due to their simplicity, low cost, and real-time performance. These
systems commonly use infrared (IR) blink sensors to detect eye movements by measuring eyelid opening and closing
patterns. This approach is preferred for practical implementations due to its ease of integration with microcontrollers
like the ESP32.

III. PROPOSED SYSTEM ARCHITECTURE

The proposed system is a real-time safety solution designed to improve road safety by continuously monitoring the
driver’s condition and sending instant alerts during risky situations. The system architecture is built around the ESP32
microcontroller, integrated with various physiological and mechanical sensors.
3.1 Hardware Components
The hardware configuration includes the following key modules:

» ESP32 Microcontroller: Acts as the central processing unit, managing data collection and wireless

communication.

* Blink Sensor: An infrared-based sensor that monitors eye activity to detect drowsiness.

* Vibration Sensor: Detects sudden shocks or high-impact collisions to trigger accident alerts.

* Buzzer: Provides immediate auditory feedback to the driver.

* Bluetooth & GPS: Facilitates communication with a smartphone and retrieves location coordinates.
[Figure 1: Comprehensive Block Diagram of the Driver Drowsiness System]

3.2 Operational Flow

When the system is powered ON, the ESP32 initializes all connected components. The blink sensor continuously tracks
the PERCLOS (Percentage of Eye Closure). If the eyes remain closed for a duration exceeding a predefined threshold
Te, the system identifies the onset of microsleep. Simultaneously, the vibration sensor monitors mechanical stress; if the
impact exceeds the threshold T., an emergency signal is transmitted.

IV. SYSTEM IMPLEMENTATION

4.1 Hardware Interfacing

The sensors are interfaced with the ESP32 using its 12-bit Analog-to-Digital Converter (ADC) channels to ensure high-
fidelity data acquisition. The blink sensor is connected to analog pin 34, while the vibration sensor is monitored on pin
35. This configuration allows the system to read varying voltage levels and interpret subtle physiological changes.
[Figure 2: Detailed Circuit Diagram illustrating pin connections between ESP32 and Sensors]

4.2 Firmware Development
The firmware is developed using Embedded C and implemented via the Arduino IDE. The code is structured in a

continuous loop to monitor driver behavior in real time without interruption.

Table 1: System Threshold Configurations

Component Threshold Logic Output Action

Buzzer ON & BT

Blink Sensor AnalogValue > 2000 Notification

Vibration Sensor AnalogValue > 3000 Emergency GPS Alert
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V. RESULTS AND ANALYSIS

The overall system performance was found to be efficient, stable, and reliable during experimental testing. The ESP32
successfully managed real-time data processing without significant processing lag.

5.1 Drowsiness Detection Performance

The drowsiness detection module was able to identify abnormal blinking patterns such as slow blinking and prolonged
eye closure. The system showed a high success rate in identifying simulated drowsiness, triggering the buzzer within
milliseconds of the threshold breach.

5.2 Accident Alert and GPS Accuracy

The accident detection system successfully identified sudden shocks during testing. Upon detection, the latitude and
longitude coordinates were accurately captured by the mobile application. This ensures that emergency contacts can
quickly identify the exact vehicle position, minimizing the “golden hour” delay.

VI. DISCUSSION AND DISADVANTAGES

While the system is effective, it has certain limitations. Blink sensor accuracy may vary depending on placement and
external lighting conditions such as strong sunlight. Furthermore, individual differences in natural blinking patterns can
sometimes lead to false alerts. Future iterations could incorporate Al to calibrate thresholds dynamically.

VII. CONCLUSION

The Driver Drowsiness and Accident Alert System is an effective and practical solution designed to improve road
safety. By combining embedded systems, IoT technology, and mobile communication, this project creates a reliable
and cost-effective safety solution. It is suitable for real-world applications in personal vehicles, commercial transport,
and long-distance travel.
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