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Abstract - This paper presents a real-time drowsiness
detection system designed to enhance driver safety by
monitoring eye activity and issuing alerts upon detecting signs
of fatigue. The system is built using an Arduino Nano
microcontroller integrated with an eye-blink sensor, a buzzer,
a vibration motor, and a power supply circuit. The core
functionality involves tracking the duration of eye closure
through a sensor mounted on specialized goggles. When the
eyes remain closed beyond a predefined threshold, the
microcontroller activates both an audible and tactile alert to
prompt driver responsiveness. This compact and portable
hardware solution aims to reduce road accidents caused by
driver drowsiness, offering a cost-effective, real-time
preventive measure without the need for complex image
processing or machine learning. The design emphasizes
simplicity, rapid response, and energy efficiency for practical
deployment in automotive applications.
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1. INTRODUCTION

Drowsiness during driving is a significant contributor to road
accidents, particularly among long-haul drivers and night-time
commuters. Fatigue impairs a driver’s reaction time,
concentration, and decision-making abilities, increasing the
likelihood of collisions. Preventive measures that detect
drowsiness early and issue timely alerts can greatly enhance
road safety. The system proposed in this work is a compact,
hardware-based solution that monitors eye-blink patterns to
determine the onset of drowsiness. Unlike computer vision-
based systems that require complex processing and high
computational resources, this implementation focuses on a
sensor-based  approach  using an  Arduino  Nano
microcontroller. An eye-blink sensor, fitted onto wearable
goggles, captures the user's eye state in real time. If prolonged
eye closure is detected—a common symptom of fatigue—the
system activates both a buzzer and a vibration motor to notify
the driver.

This research paper outlines the working design,
implementation strategy, and practical significance of the
proposed drowsiness detection system. By offering an
affordable and efficient means of driver monitoring, the system
contributes to the ongoing efforts in intelligent transport safety.

2. LITERATURE SURVEY

Numerous studies have explored the development of systems
aimed at reducing road accidents caused by driver drowsiness.
Sharma et al. [1] proposed a system utilizing infrared eye
monitoring techniques to identify eye closure duration and
alert drowsy drivers. Their work demonstrated the
effectiveness of non-invasive methods in detecting drowsiness
in real-time scenarios. Similarly, Kumar and Patel [2]
implemented a model using OpenCV and eye blink pattern
recognition, showcasing the potential of computer vision in
identifying fatigue accurately through webcam-based
monitoring.

In contrast, recent advancements have incorporated hardware-
oriented solutions. The study published in IJRAR [10] focused
on implementing an Anti-Sleep Alarm (ASA) system using an
eye blink sensor integrated with Arduino, highlighting a low-
cost and efficient alternative suitable for embedded
applications. Furthermore, the work published in IJRASET
[11] introduced an loT-based smart alerting system that
detects drowsiness and sends alerts via connected networks,
demonstrating the relevance of 10T in enhancing road safety.

A more comprehensive approach was adopted in the IJSET
study [13], which combined alcohol and drowsiness detection
in a single Arduino-based system. This dual-sensing system
proved beneficial in identifying both intoxicated and fatigued
drivers. Additionally, the 1JSDR paper [21] extended the
functionality by incorporating automatic accident detection
and reporting, making it an advanced safety mechanism in
vehicular systems.

Collectively, these studies underscore the importance of
combining sensor-based hardware with real-time alert systems
to effectively minimize driver-related road hazards.
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3. METHODOLOGY
e Hardware Requirements :

To develop the Drowsiness Detection System, the following
hardware components are required:

1. Eye Blink Sensor (HW-201) with Goggles: The Eye Blink
Sensor (HW-201) is a compact electronic component that
identifies the movement and closure duration of human
eyelids by analyzing reflected infrared signals. When paired
with a set of goggles, the sensor becomes highly effective for
continuous eye monitoring in real-time conditions. In the
proposed system, the sensor observes whether the user’s eyes
remain closed for a specific duration—typically four seconds
or more—which is a common indicator of fatigue. If such a
condition is detected, the system immediately responds by
initiating alert mechanisms to reduce the risk of road mishaps.

2. Piezo Buzzer: A Piezo Buzzer is a sound-emitting
component that operates based on the piezoelectric principle.
It contains a thin piezoelectric element that vibrates when a
voltage is applied, resulting in an audible tone. Known for its
small size, low power usage, and reliability, the buzzer is
widely used in safety systems and electronic alarms. Within
the drowsiness detection system, it functions as an immediate
warning unit. Once the Eye Blink Sensor identifies signs of
drowsiness, the Piezo Buzzer is activated to produce a sharp
sound. This sound acts as an auditory cue to alert or wake the
driyer;entancingroadsafety throg————— )

~— ‘,..

\.

Figure 1: Eye Blink Sensor
(HW-201) with Goggles

Figure 2:
Piezo Buzzer

3. Arduino NANO: The Arduino Nano is a compact
microcontroller board based on the ATmega328P chip, known
for its small size, ease of use, and efficiency in handling input
and output operations in embedded systems.  The Arduino
Nano is dedicated to processing data from the eye blink
sensor. It detects prolonged eye closure and triggers the
buzzer alerts, ensuring the driver is warned promptly in case
of drowsiness.

Figure 3: Arduino NANO

e Flowchart:

System
Initialization

Monitor Eye Blink
Duration

is
Eye closed for > 4
seconds 7

v

Activate Buzzer to
alert Driver

Figure 4: Architectural Diagram of Drowsiness
Detection System

The flowchart outlines the operational logic of a basic
drowsiness detection system designed to monitor driver
alertness in real-time.

Once the system is active, it continuously monitors the
driver's eye blink duration using an infrared-based eye blink
sensor integrated with goggles. The sensor captures the eye's
open or closed state and transmits the data to the
microcontroller for processing. The key decision point in the
system is determining whether the driver's eyes remain closed
for more than four seconds. This threshold is set based on the
general understanding that unintentional eye closure beyond
this limit indicates early signs of drowsiness or fatigue.

If the system detects that the eyes are closed for longer than
four seconds, it immediately activates a piezo buzzer. The
buzzer generates a sharp audible alert intended to wake or
notify the driver, prompting them to regain focus or take
necessary action, such as resting or stopping the vehicle.

If no prolonged eye closure is detected, the system continues
monitoring without triggering the alert. The loop repeats
indefinitely, ensuring constant vigilance throughout the
driving period.
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System Algorithm:

Input: Eye-Blink Sensor, Buzzer, Microcontroller
Output: Alert (Buzzer Sound)

1. Initialize System() . . ;
2. Connect Sensors(Eye-Blink  Sensor,  Buzzer, promptly to prevent potential accidents caused by drowsiness.
Microcontroller) . . .
3. UploadCodeToMicrocontroller() The eye-blink sensor, integrated into goggles, serves as the
4. PowerOnSystem() system’s main input. It detects eye blink duration and
5. while True do frequency, sending analog signals to the Arduino Nano via pin
6. EyeStatus < EyeBlinkSensor.read() A0. The sensor is powered through the Arduino’s 5V and
7. if EyeStatus = = CLOSED then GND pins, ensuring consistent operation.
8. Start Timer() o .
9. while EyeStatus = = CLOSED do When the sensor identifies prolonged eye closure—typically
10. ElapsedTime « GetTimerValue() more than four seconds—the Arduino interprets this as a sign
11. If ElapsedTime > 4 seconds then of drowsiness. It then activates the piezo buzzer connected to
12. Trigger Alert (Buzzer) one of its digital output pins. This buzzer generates a sharp,
13. break audible alert to regain the user’s attention.
14. end . .
15. end In real-time use, the system continuously tracks eye
16. if EyeStatus = = OPEN then movement. If drowsiness is detected, the buzzer triggers an
17. Reset Timer() alert, encouraging the driver to take necessary action—
18. Deactivate Alert (Buzzer) ultimately enhancing road safety.
19. end
20. end
e  System Architecture: |
T
IR Tnmsmtter o~ *
T 2eMn o
Ob ject —_—
L - Body

e Working Principle:

The Drowsiness Detection System employs an Arduino Nano,
an eye-blink sensor, a piezo buzzer, and a 9V battery to
identify signs of fatigue, particularly in drivers. This compact
setup is designed to monitor eye activity and respond

IR Sensor
Circuit

i -

TR Recerver

Figure 5: Working principle of IR Sensor

Figure 7: Block Diagram for Drowsiness
Detection System

Table 1: Pin Connections of Eye Blink Sensor with
Microcontroller:

Sensor Pin Arduino NANO
Pins
F e VCC 5V
L el -~ f
> aQl s — K GND G
\A - / Output A0
Table 2: Pin_ Connections of Buzzer with
Figure 6: Architectural Diagram of Drowsiness Detection Microcontroller:
System - -
y Buzzer Pin Arduino NANO
Pins
Positive terminal D13
Negative terminal GND
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7 1 7 3 NO

8 1 8 3 NO

9 1 9 3 NO

e 28 10 1 10 3 NO

11 2 11 8 YES

o _. area 12 |2 12 8 YES

TRt S 13 2 13 8 YES

. 14 |2 14 8 YES

OB s 15 |2 15 8 YES

R v L 16 2 16 8 YES

| 17 2 17 8 YES

+ 18 2 18 8 YES

19 2 19 8 YES

T Svwy . 20 |2 20 8 YES

21 3 21 13 YES

22 3 22 13 YES

23 3 23 13 YES

Figure 8: Circuit Diagram for Accident Detection & 24 |3 24 13 YES

Notification System 25 |3 25 13 YES

26 3 26 13 YES

e Result Analysis: 27 3 27 13 YES

28 3 28 13 YES

The Drowsiness Detection System aims to enhance road 29 3 29 13 YES

safety by identifying driver fatigue through the measurement 30 |3 30 13 YES

of eye-blink duration. Using an eye-blink sensor integrated 31 | 4 31 18 YES

with goggles, the system monitors the user’s eye activity to 32 4 32 18 YES

detect prolonged closures, which are often early signs of 33 2 33 18 YES

drowsiness. When such signs are identified, the system 34 Z 34 18 YES
responds by activating an audible alert, helping prevent

potential accidents caused by inattentive driving. 35 4 35 18 YES

36 |4 36 18 YES

An experiment was conducted to evaluate the system’s 37 4 37 18 YES

effectiveness in detecting drowsiness. A total of 50 test 37 4 37 18 YES

samples were recorded and organized into four groups, each | 39 |4 39 18 YES

based on varying snoozing durations. The core logic of |40 |4 40 18 YES

detection relies on the time the eyes remain closed (T), with 41 |5 41 23 YES

two defined outcomes: 42 |5 42 23 YES

43 5 43 23 YES

Drowsiness Detected (YES): If T > 4 seconds, the system 44 5 44 23 YES

interprets this as drowsiness and triggers the buzzer alert. 45 5 45 23 YES

46 5 46 23 YES

No Drowsiness (NO): If T < 4 seconds, the system remains 47 5 47 23 YES

idle without raising any alarm. 48 |5 48 23 YES

. o 49 5 49 23 YES

The test results confirm that the system accurately identifies 50 5 50 23 YES

instances of fatigue based on eye closure duration. The buzzer
consistently activated when the eye remained closed beyond
the defined threshold. This real-time response significantly
contributes to accident prevention by alerting the driver in
time, validating the practical applicability of the system in
enhancing driver awareness and safety.

Table 3: “Experimental Result Analysis for Drowsiness
Detection System”:

SI. | Subject | Sample | Snoozing Time | Result
No. (Seconds)

1 1 1 3 NO

2 1 2 3 NO

3 1 3 3 NO

4 1 4 3 NO

5 1 5 3 YES

6 1 6 3 NO

The experimental evaluation of the Drowsiness Detection
System confirms its high accuracy in identifying fatigue based
on eye closure duration. A total of 50 samples were taken
across five subjects, each subjected to varying snoozing times
to assess the system's performance.

Key Observations:

Subject 1 (T = 3 seconds): Out of 10 samples, only 1
incorrectly triggered a "YES" result. Since 3 seconds is below
the drowsiness threshold (>4s), these should have returned
"NO." The single false positive indicates minimal
inconsistency.

Subjects 2 to 5 (T = 8s, 13s, 18s, and 23s): All 40 samples
triggered "YES," indicating successful detection of prolonged
eye closure. The system consistently responded to all inputs
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where snoozing exceeded the threshold.

The overall accuracy was calculated as 98%, with just one
incorrect output across all 50 samples. This minor anomaly
may be attributed to sensor sensitivity and can be corrected
through calibration. Adaptive logic based on real-time
thresholds could further improve precision.

In conclusion, the system demonstrates strong reliability in
detecting drowsiness and issuing timely alerts. Its ability to
continuously monitor and respond to eye activity plays a
crucial role in reducing fatigue-related driving accidents and
enhancing overall road safety.

e Graphical Representation:

ooooo

..........

..........

Figure 10: Graphical Analysis of Table 4

4. CONCLUSION AND FUTURE SCOPE

The Drowsiness Detection System presented in this study
proves to be an effective and reliable solution for identifying
driver fatigue in real-time. By utilizing an eye-blink sensor in
combination with an Arduino-based control system and a
buzzer alert mechanism, the system successfully detects
prolonged eye closure—a strong indicator of drowsiness. The
experimental analysis demonstrated a high accuracy rate,
validating the system’s capability to respond promptly and
issue timely warnings. Such interventions can play a critical
role in preventing road accidents caused by driver fatigue,
especially during long journeys or nighttime driving. The
simplicity, low cost, and portability of the setup make it
highly adaptable for real-world applications in both personal
and commercial vehicles.

Looking ahead, there are several opportunities to enhance the
system’s effectiveness and broaden its scope. Future
developments could include the integration of additional
biometric sensors, such as heart rate or yawning detection, to
improve the accuracy of fatigue detection. Moreover,
incorporating GPS and GSM modules can allow the system to
send emergency alerts with location details to family members
or nearby hospitals in case of severe drowsiness or accidents.
Integration with machine learning algorithms may also enable
personalized fatigue thresholds based on individual behavior

patterns. Overall, the project lays a strong foundation for the
development of intelligent and responsive driver safety
technologies.
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