Dr.D Y Patil Polytechnic, Kolhapur

10T BASED EYE BLINK DETECTION APP AND
HARDWARE

Piyusha .S. Patil', Arya .V. Patil*, Prajal .V. Bora® , Sakshi .Y. Salokhe?,
Professor Mr. R.L Kadam’®

1

Computer Engineering, Dr. D. Y. Patil Polytechnic, Kolhapur, India
piyushapatil3300@gmail.com’

2

Computer Engineering, Dr. D. Y. Patil Polytechnic, Kolhapur, India

aryavinayakpatil@gmail.com?

3

Computer Engineering, Dr. D. Y. Patil Polytechnic, Kolhapur, India

prajalbora24@gmail.com’

4

Computer Engineering, Dr. D. Y. Patil Polytechnic, Kolhapur, India
sakshisalokhe23@gmail.com*

5

Computer Engineering, Dr. D. Y. Patil Polytechnic, Kolhapur, India

kadam.ranjit5@gmail.com®

Abstract— This paper presents the
development of an IoT-based eye blink
detection system designed to assist
people with disabilities and improve
user interfaces across various
applications. The system integrates
sensor-based hardware with cloud
computing to monitor eye movements
and detect blinks in real time. The
hardware setup includes a
microcontroller coupled with sensors
such as an IR sensor or a camera-based
system that tracks eye movement. The
detected blink signals are wirelessly
transmitted to a cloud platform for
processing and analysis. The processed
data is wused to calculate blink
frequency, which can then be used to
control different devices or trigger
actions, such as operating a wheelchair
or managing smart home appliances.

The system also offers real-time
monitoring, data storage, and user
customization through a mobile app,

allowing users to adjust sensitivity
settings and configure triggers based
on their preferences. Moreover, this
research discusses the challenges of
developing a low-latency, efficient, and
reliable communication system for
accurate detection and control. The
results highlight the potential of this
IoT-based solution to enhance the
quality of life for individuals with
mobility or vision impairments, as well
as improve human-computer
interaction for various applications.

Keywords— IoT, Smart Home, Paralyzed
Patients  Sensors, Smart Devices,
Accessibility, Automation, Real-Time
Monitoring, Smart Healthcare.

1.INTRODUCTION

The growing wuse of IoT
technologies has transformed biomedical
and assistive systems, offering smarter
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ways to monitor human activity. Eye
blink detection is one such application,
useful for drowsiness detection, security,
and aiding individuals with disabilities.
This project introduces an loT-based Eye
Blink Detection System using an ESP32
microcontroller, IR sensor, and LCD
display. The system tracks eye blinks via
the IR sensor, processes data through the
ESP32, and shows results on the LCD
screen. Its compact and low-power design
suits portable devices. Additionally,
ESP32’s wireless features support remote
monitoring and data logging. This paper
outlines the system's architecture,
components, and real-world uses,
contributing to IoT-based healthcare
solutions.

2. LITERATURE SURVEY

1] T. Manideep, et al [1], This paper
presents a model that uses an IR sensor to
monitor eye blinking for detecting driver
drowsiness and sleep apnea, alerting with
a buzzer if abnormalities are found. It can
also monitor unconscious patients,
triggering a buzzer when they regain
consciousness, with the system simulated
using Proteus Design Suite.

2] S. H. A,et al[2], This research
develops a mobile app that enables
physically challenged users to make
emergency calls by blinking their eyes,
using electrooculogram  signals. It
leverages  Brain-Computer Interface
(BCI)  technology  for  seamless
communication between the brain and
external devices.

3] B.Parameshachari, et al[3], Research
on human eyesight health includes
developing adaptive sensor-based eye
blink detection systems for use in human-
computer interfaces. This technology is
particularly valuable for individuals with
motor speech disorders, such as Locked-
in Syndrome, Cerebral Palsy, or ALS,
who cannot communicate verbally. Eye
blinking serves as a  potential
communication method for those unable
to speak.
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4] W. Kongcharoen, et al [4], This study
developed an loT-based eye tracking
system to detect driver drowsiness,
evaluating three eye recognition
algorithms: CNN with Haar Cascade, 68
facial landmark points, and gaze
detection. The CNN with Haar Cascade
algorithm was found to be the most
accurate (94%) in detecting eye status.
The system, costing around $100, alerts
drivers if they close their eyes for more
than two seconds, potentially reducing
road accidents.

5]1Y. Sharma, et al[5], Recent increases in
road accidents, largely caused by driver
fatigue and drowsiness, have become a
major concern. This paper proposes a
camera-based system that monitors facial
expressions and blink rates to detect
drowsiness.

6] R. Kumar, et al[6] This paper
introduces a real-time eye blink detection
system based on an IR sensor and
microcontroller, designed to monitor
driver alertness. The system activates an
alarm when the driver blinks excessively,
reducing the risk of accidents. It was
implemented using Arduino and
demonstrated through real-time
experiments.

71 S. Sharma, et al[7] This study focuses
on an loT-enabled eye blink detection
system for healthcare, where a sensor
detects the blink rate of patients with
conditions like Parkinson’s disease. The
system records the data and sends alerts
to caregivers if the blink rate falls below
a threshold, ensuring prompt attention.

8] A. Gupta, et al[8] In this research, a
system combining eye blink detection
and loT was proposed for monitoring
patients in intensive care units (ICUs).
Using an eye blink sensor, the system
alerts doctors and nurses when the
patient's eye blinks fall below normal,
signaling a possible medical emergency



3. RELATED WORK

Various research efforts and
projects have been conducted to develop

systems aimed at detecting driver
drowsiness and preventing fatigue-
related accidents. Typically, these

systems employ technologies such as
camera-based eye monitoring,
electroencephalogram (EEG) sensors,
and infrared (IR) sensors. Camera-based
approaches rely on image processing
techniques to analyze eye blinks and
facial features. While they offer high
accuracy, these systems are expensive,
require high computational resources,
and are sensitive to varying lighting
conditions, making them less suitable for
low-cost, real-time applications.

On the other hand, IR sensor-
based solutions offer a more practical,
affordable, and efficient method to detect
eyelid movements, as they are unaffected
by ambient light. Many existing IR-based
systems trigger alarms or visual
indicators when prolonged eye closure is
detected. However, most of these designs
focus solely on local alerts without
incorporating remote monitoring
features. Recent innovations have started
integrating IoT platforms like
ThingSpeak to allow real-time data
logging and remote notifications.
Although these improvements enable
better monitoring, they often come with
bulky hardware setups, reducing user
comfort and portability.

To overcome these challenges,
our project combines an IR sensor with a
wearable belt design, delivering both
local alerts through a buzzer and LCD
screen, as well as remote notifications via
ThingSpeak. This integration ensures
real-time  driver awareness, easy
wearability, and continuous remote
monitoring, enhancing both safety and
usability.

2.1 LIMITATIONS OF EXISTING
SYSTEM

Dr.D Y Patil Polytechnic, Kolhapur

Comparison of loT-Based Belt vs, Camera-Based vs, Traditional Alert Systems

Pertormance Pararmeters

Features Traditional Camera
Seatbelt Based
Alert System
Purpose Ensure that Detects
driver drowsiness

wears a using
Seatbelt. camera.

Detection Seatbelt Facial

Method buckle Recognition.
Sensor.

Real Time No Yes

Monitoring

Drowsiness No Yes, Fail in

Detection poor

lighting.
Accuracy Not 70-80%
applicable

Cost Low High

Power - High

Consumption

4. PROPOSED
METHODOLOGY

The proposed system is designed
to enhance driver safety by detecting
drowsiness through eye blink monitoring.
The system utilizes a combination of
hardware components and IloT-based
software integration to provide real-time
alerts and remote monitoring. The entire

Iot based
Hair
Belt

Detects
drowsiness
using IR
Sensor.

Eye Blink

sensor on

head or in
front of eye.

Yes

Yes, works in
all lighting.

90-97%

Affordable

Low



setup is embedded within a wearable belt,
ensuring comfort and portability for the
user.

4.1 WORKING PRINCIPLE

4.1.1 Hardware Design:

1. ESP32 Microcontroller:

The ESP32 microcontroller serves
as the core processing unit of the system.
It is responsible for collecting input data
from the IR sensor, controlling output
components like the buzzer and LCD
display, and managing  wireless
communication for IoT integration. Its
built-in Wi-Fi capability is leveraged for
transmitting data to a cloud platform.

2. IR Sensor:

An IR sensor is strategically
positioned on the wearable belt, close to
the driver's eye. The sensor continuously
monitors the eye's status, detecting
whether it is open or closed. When the
sensor identifies that the eye has
remained closed beyond a predefined
duration (3 seconds), it signals the
microcontroller to initiate necessary
alerts.

3. LCD Display:

The system includes an LCD
display to provide real-time feedback to
the driver. It displays warning messages
such as “Driver Alert” or “Eye Closed”
whenever drowsiness is detected.

4. Buzzer:
For immediate audio feedback, a
buzzer is integrated into the system. It
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emits a loud sound when the driver’s eye
remains closed for an extended period,
helping to wake or alert the driver.

5. Battery Power Supply:

A rechargeable battery powers
the entire circuit, making the system
portable, wearable, and suitable for use
without the need for constant external
power.

4.1.2 Software Workflow:

The ESP32 microcontroller is
programmed to continuously read data
from the IR sensor. The software logic
follows these steps:

» Continuously monitor the IR
sensor output.

» Ifthe eye is detected as closed:

» A timer starts counting the
duration of eye closure.

» If the eye remains closed for
more than 3 seconds:

» Activate the buzzer to sound an
immediate audio alert.

» Display a warning message
("Driver Alert" or "Eye Closed")
on the LCD screen.

» Send a notification message to
the  connected  ThingSpeak
channel, updating the driver’s
status.

» If the eye reopens before the 3-
second threshold, the system
resets and continues monitoring
without triggering alerts.

4.1.3. Iot Communication:

To enable remote monitoring and
data logging, the system is connected to
the ThingSpeak IoT platform:

- The ESP32 connects to a Wi-Fi network.
- Whenever drowsiness is detected, the
microcontroller sends real-time updates
to the ThingSpeak channel.

- This data allows remote users, such as
fleet managers or family members, to



monitor the driver’s condition and take
necessary actions if frequent drowsiness
events are recorded.

4.2 COMPONENTS USED
1. ESP32 Microcontroller

Function: Processes sensor data, controls
outputs (LCD, buzzer), and sends data to
ThingSpeak via Wi-Fi.
Features:

- Dual-core processor.

- Built-in Wi-Fi and Bluetooth.

- Suitable for IoT applications.

2. IR Sensor Module

Function: Detects eye blinks by emitting
and receiving infrared signals. Detects if
eyes are open or closed based on IR
reflection.
Pins:

- VCC: Power supply (3.3V/5V).

- GND: Ground.

- OUT: Digital signal output (HIGH
when eyes open, LOW when closed).

3.16x2 LCD Display

Function: Displays system status and
alerts like “Driver Alert” or “Eyes
Closed.”
I12C Pins:

- GND: Ground.

- VCC: Power (5V).

- SDA: Data line (connected to ESP32
SDA pin).

- SCL: Clock line (connected to ESP32
SCL pin).

4. Buzzer Module

Function: Provides audible alert if eyes
remain closed for over 3 seconds.
Pins:

- VCC: Power (3.3V/5V).

- GND: Ground.

- IN: Signal from ESP32 GPIO to
activate buzzer.

5. FLOW OF PROJECT
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5.1 ALGORITHM:

1. Start the system.
2. Initialize:
- IR Sensor
- LCD Display
- Buzzer
- Wi-Fi connection for ThingSpeak
3. Continuously read IR sensor data:
- Check if the IR sensor detects the eye
as open or closed.
4. If eye is open:
- Reset any timers or counters.
- Display "Eye Open" or normal
message on LCD.
- Continue monitoring.
5. If eye is closed:
- Start counting the duration of closure.
- If eye remains closed for less than 3
seconds:
- Keep monitoring.
- If eye remains closed for 3 seconds or
more:
- Activate the Buzzer (alert sound).
- Display warning message "Driver
Alert" on LCD.
- Send notification to ThingSpeak
channel (message: "Eye Closed").
6. After alert:
- Reset timer.
- Return to monitoring loop.
7. Repeat steps continuously.

5.2 FLOWCHART
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6. ADVANTAGES

1. Real-Time Monitoring

Continuously ~ monitors  the
driver’s eye-blinking pattern in real-time.
Immediate detection if eyes remain
closed for more than 3 seconds, indicating
drowsiness or inattention.

2.Immediate Safety Alert
Mechanism

Buzzer alert inside the belt
warns the driver immediately when
prolonged eye closure is detected.
Prevents potential accidents by alerting
drivers at the moment they lose attention
or fall asleep.
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3. IoT Integration for Remote
Monitoring

Sends real-time alerts and status
messages to ThingSpeak IoT platform.
Allows fleet managers, transport
authorities, or family members to
remotely monitor the driver’s condition.

4.0n-Device Feedback via LCD
Display

Provides instant visual feedback
on the LCD screen like “Driver Alert” or
“Eye Closed” messages.

5. Compact and Wearable Design

Lightweight, comfortable belt
with integrated IR sensor and electronic
components. Non-intrusive and easy for
drivers to wear during long journeys
without discomfort.

6. Low Cost and Power Efficient

Uses affordable components
(ESP32, IR sensor, buzzer, LCD), making
it cost-effective. Designed for low power
consumption, allowing extended use
without frequent charging or power
issues.

7. CHALLENGES

1. Susceptibility to False Positives
The IR sensor's readings may be
affected by external light sources such as
sunlight,  vehicle  headlights, or
reflections, potentially leading to false
detections. Additionally, rapid head
movements or changes in ambient
lighting can cause inaccurate readings.

2. User Comfort and Wearability
The belt's placement around the
head or near the eyes may cause
discomfort or inconvenience for drivers,
particularly during long-distance travel.



3. Fixed Sensitivity Thresholds

The predefined threshold for eye
closure duration (e.g., 3 seconds) may not
be universally suitable. Individual
variations in blinking patterns may result
in unnecessary alerts or missed
drowsiness signals, highlighting the need
for personalized calibration.

4. Dependence on the Internet
Connectivity

The system relies on stable
internet access to send real-time
notifications to the ThingSpeak platform.
In areas with poor network coverage, this
feature may fail, limiting remote
monitoring capabilities.

5. Power Consumption Challenges
Although designed for low power
usage, continuous  operation  of
components such as the ESP32, IR
sensor, LCD, and buzzer can lead to faster
battery depletion. Efficient battery
management or frequent recharging
becomes necessary for prolonged usage.

6. Data Security Concerns

While ThingSpeak offers basic
data handling, the absence of advanced
encryption or secure authentication
protocols may expose the system to data
privacy vulnerabilities, especially when
sensitive driver  information  is
transmitted.

8. FUTURE SCOPE

The proposed IoT-based Eye
Blink Detection System has demonstrated
promising potential in enhancing driver
safety and monitoring fatigue levels.
However, there 1S  considerable
opportunity to further develop and
improve the system. The following
outlines possible future advancements:
1.Integration  with  Advanced
Vehicle Systems
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Future enhancements could
involve connecting the system with in-
vehicle safety features such as automatic
braking, lane assist, or adaptive cruise
control. This integration would allow the
vehicle to respond automatically when
drowsiness is detected, providing an
additional safety layer.

2.Incorporating Multiple Biometric
Sensors
Expanding the system to include other
physiological sensors—such as heart rate
monitors, ECG sensors, or temperature
sensors—can provide a more
comprehensive assessment of driver
health. This multi-sensor approach will
minimize false alarms and enhance the
accuracy of fatigue detection.
3.Implementation of Machine
Learning Algorithms

The use of machine learning
techniques can  improve  system
intelligence by analyzing individual
driver behavior and blink patterns.
Personalized models can be developed to
adapt thresholds based on user-specific
data, allowing for more precise and
predictive drowsiness detection.

4. Mobile Application Integration

Future iterations could
incorporate  a  dedicated  mobile
application. This would enable real-time
alerts, historical data access,
customizable settings, and remote
monitoring capabilities, improving both
user experience and system flexibility.
5.0ptimization of Power
Consumption

Enhancing power management
by employing energy-efficient
components and low-power operational
modes would extend battery life.
Additionally, integrating rechargeable
battery  solutions could improve
convenience and support long-term use.



6.Camera-Based Eye Tracking
Solutions

In future developments, camera-
based eye tracking combined with image
processing algorithms can be
implemented for more  accurate
monitoring. This would allow detection
of additional facial cues, such as yawning
or head nodding, providing a more
detailed assessment of driver fatigue.

9. CONCLUSION
This research presents the
successful development and

implementation of an IoT-based Eye
Blink Detection System aimed at
addressing the issue of driver drowsiness
and fatigue. The system utilizes an IR
sensor, ESP32 microcontroller, LCD
display, and ThingSpeak cloud platform
to monitor and analyze the driver's eye-
blink patterns in real time. Upon detecting
prolonged eye closure beyond the set
threshold (3 seconds), the system
activates a buzzer alert, displays a
warning message on the LCD, and
simultaneously sends a notification to the
cloud platform for remote observation.

The solution offers an effective,
affordable, and practical approach to
enhancing road safety by providing
timely alerts to both drivers and external
supervisors. Its wearable design ensures
ease of use, while the integration with IoT
technology allows for seamless data
communication and real-time feedback.

Despite its promising
performance, the system encounters
certain challenges, including sensitivity to
environmental conditions, the potential
for false positives, and reliance on stable
internet connectivity. These limitations
highlight opportunities for future
improvements, such as integrating
machine learning models, incorporating
additional biometric sensors, enhancing
power efficiency, and strengthening data
security measures.
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In conclusion, the proposed
system demonstrates significant potential
in reducing accidents caused by driver
fatigue. With further advancements, it can
evolve into a more comprehensive safety
solution applicable across various
industries  requiring alertness and
attention.
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