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Abstract- Road accidents caused by driver fatigue and
drowsiness are a major concern, especially during long-
distance and night-time driving. Loss of alertness due to
sleep can lead to delayed reaction times and severe
accidents. To address this problem, this project presents an
Eye Blink Sensor Based Automatic Braking System,
designed to continuously monitor the driver’s eye
movements and take preventive action when drowsiness is
detected. The proposed system uses an IR eye blink sensor
to sense eye closure patterns. An Arduino microcontroller
processes the sensor input and determines the driver’s
alertness level. If normal eye movement is detected, the
system remains in a safe state. When prolonged eye closure
is sensed, the system generates warning alerts using a
buzzer and visual indicators. If the drowsy condition
persists, the system automatically activates the braking
mechanism to slow down or stop the vehicle, thereby
preventing potential accidents. An LCD display is used to
provide real- time status messages such as normal
condition, sleep detection, and sleep confirmation. The
system is simple, cost-effective, and reliable, making it
suitable for implementation in real-time vehicle safety
applications. This project demonstrates an efficient
approach to enhancing road safety by reducing accidents
caused by driver fatigue and inattentiveness.

L INTRODUCTION

Road safety is a critical global concern, with driver
fatigue contributing to nearly 20-50% of all road
accidents [10]. Pro- longed driving, especially during
night hours or on highways, significantly increases the
risk of drowsiness, leading to de- layed reaction times
and loss of vehicle control. Conventional braking
systems rely entirely on driver input, making them
ineffective when the driver is mentally or physically
impaired.

Recent advances in sensor technology and embedded
sys- tems have enabled the development of intelligent
driver assis- tance systems. However, many existing
solutions are either prohibitively expensive,
computationally intensive, or lack integration with
vehicle control mechanisms. This paper intro- duces
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DriveGuard, a low-cost, reliable, and integrated safety
system designed to detect driver drowsiness using an
IR eye blink sensor and automatically apply brakes via
a pneumatic system when a threat is identified [9] .

The primary contributions of this work are:

e A real-time driver drowsiness detection module
using non-intrusive IR sensors.

e An obstacle detection module using IR sensors
with a range of3—4feet.

e A microcontroller-based decision system that
integrates both inputs for context-aware safety
intervention.

e A pneumatic braking and bumper system that
provides fast, reliable actuation.

e A leakage-safe and reproducible evaluation
framework for system validation.

IL. LITERATURE REVIEW

A. Drowsiness Detection Techniques

Early drowsiness detection systems relied on
physiological sensors such as EEG and ECG, which
are intrusive and impractical for daily use [1]. Recent
vision-based methods employ facial landmark
detection, eye aspect ratio (EAR), and convolutional
neural networks (CNNs) to monitor eye states.
However, these systems are often sensitive to lighting
conditions and require significant computational
resources.

B. Automatic Braking Systems

Automated braking has evolved from basic collision
avoid- ance to integrated control systems using
LiDAR, radar, and ultrasonic sensors. Pneumatic
braking systems are known for their rapid response
and reliability in industrial appli- cations but are less
explored in low-cost automotive safety solutions [2].
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C. Integration Challenges

Most existing systems operate in isolation—either
detecting drowsiness or controlling brakes—but rarely
integrate both in a cost-effective, real-time pipeline.
[7] Data leakage and over-optimistic evaluations
further reduce the real-world applicability of reported
results [3].

D. Motivation for DriveGuard

The identified gaps motivate the development of an
integrated, leakage-safe, and cost-effective system that
bridges driver monitoring with automated vehicle
control [5]. Drive- Guard emphasizes practical
deployability, using commercial off-the-shelf (COTS)
components and modular design [6].

III. PROBLEM DEFINITION

The core problem addressed is the absence of an

intelligent, automated braking system that can mitigate

the following issues:

1) Driver drowsiness is one of the leading causes of
road accidents.

2) Long-distance and night driving increase the
chances of fatigue and sleep.

3) A sleepy driver shows abnormal eye blink patterns
or prolonged eye closure.

4) Human reaction time reduces significantly during
drowsy conditions.

5) Manual braking systems fail when the driver is
unconscious or inattentive.

6) Existing advanced safety systems are costly and
not suitable for all vehicles.

7) Many vehicles lack an automatic mechanism to
detect driver sleep.

8) Delay in braking during emergencies leads to
severe accidents.

9) There is no continuous monitoring of driver
alertness in conventional vehicles.

Hence, an automatic, low-cost eye blink based braking
system is required to improve road safety. DriveGuard
aims to provide a holistic solution that prevents
accidents rather than merely mitigating their severity.

IV. METHODOLOGY

The methodology of this proposed system involves a
systematic process of sensing, processing, decision-
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making, and actuation to prevent fatigue-related
accidents. An infrared eye blink sensor is used to
continuously monitor the driver’s eye movements and
detect eye closure duration in real time. The sensor
output is fed to a microcontroller, which processes the
signal and compares it with predefined threshold
values to identify abnormal blinking patterns that
indicate drowsiness.

When prolonged eye closure is detected, the control
unit triggers a decision algorithm that activates the
braking system. A solenoid valve is energized to
control the flow of com- pressed air into a pneumatic
cylinder, which applies force to the braking
mechanism and slows down the vehicle automatically.
The system is designed to operate without interrupting
normal driving conditions and activates only when
fatigue is detected. This integrated approach ensures
fast response, reliability, and effective preventive
safety, while also allowing future enhancements
through modular system design.

A. Drowsiness Detection Module

An IR-based eye blink sensor (Tx-Rx pair) is mounted
on the driver’s visor. The sensor outputs a HIGH
signal when the eye is closed and LOW when open. A
timer tracks eye closure duration; if the eyes remain
closed beyond a threshold (10 seconds for braking, 3
seconds for warning), a drowsiness flag is raised.

B. Obstacle Detection Module

Three IR obstacle sensors (detection range: 0.1-4 m)
are mounted on the vehicle’s front bumper. The
sensors operate at 38 kHz and provide digital outputs
when an obstacle is within the critical stopping
distance.

C. Speed Sensing Module
A proximity sensor attached to the wheel measures
rotational speed using:

_ mxDxNx3600
1000xt

(km/h)

where D is wheel diameter, N is pulse count, and t is
time in seconds. The system activates only above 30—
40 km/h to avoid unnecessary intervention.
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D. Control Decision Module

An Arduino Uno microcontroller processes inputs
from all sensors and implements the decision logic
(see Fig. 1).

YES

Fig. 1: Control decision flowchart.

The decision matrix is:

e Condition 1: Drowsiness + Obstacle—Full braking
+ bumper deployment.

e Condition 2: Drowsiness only—Audible alarm +
seat vibration.

e Condition 3: Obstacle only—Automatic braking.

¢ Condition 4: Normal—No action.

E. Pneumatic Braking System

A 5/2 solenoid valve controls airflow from a
compressor to a single-acting pneumatic cylinder.
When activated, the cylinder piston engages the
braking mechanism, applying gradual or immediate
braking via a flow control valve.

F. Control Algorithm

The detailed operational flow is described below:

Step 1: System Initialization (The Setup):

e Start the I2C LCD and turn on the backlight.

e Show” EYE BLINK BRAKE SYSTEM” for 1
second.

e Set Pin 2 (IR Sensor) as an Input.

e Set Pins 5, 6, and 7 (Indicator, Alarm, Brakes) as
Outputs.
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Step 2: Primary Detection (The Monitoring Loop):
Read the state of the IR sensor (s).

1) Condition A (Eyes Open/Normal): If s = 1 (sensor
not blocked):

* Display” Normal Status” on the LCD.

* Reset all safety mechanisms to OFF.

2) Condition B (Potential Sleep): If s = 0 (sensor
blocked):

e Wait for 1 second (to allow for natural blinking).

e Display” Checking for Eye Movement...”

Step 3: Verification Phase (Is it Sleep?): Perform a
second read of the sensor (g).

1) If gisstill O:

e Trigger the Alarm (Pin 6 LOW).
e Display” Sleep Detected”.

e Wait for another 1 second.

2) If gis now 1:
e The system assumes it was a long blink and resets

to Step 2.

Step 4: Escalation Phase (Sleep Seeked): Perform a

third read (f).
o Iffisstill O:
— Keep the Alarm active.

Display” Sleep Seeked”.

Wait for another 1 second.

— This acts as the” final warning” before mechanical
intervention.

Step 5: Emergency Action (Sleep Confirmed): Perform

a final read (h).

e If h is still 0 (Eyes have been closed for ~3-4
consecutive seconds):

— Display” Sleep Confirmed” on the LCD. — Activate
Brakes: Set Pin 7 to HIGH.

— Enter a repetitive loop that toggles Pin 5 (Side
Indicators) ON and OFF with 1-second delays to
alert other vehicles.

— The system stays in this emergency state until the
eyes are detected as open again.

ICONIC RESEARCH AND ENGINEERING JOURNALS 1910



© MAR 2026 | IRE Journals | Volume 9 Issue 9 | ISSN: 2456-8880
DOI: https://doi.org/10.64388/IREV919-1715171

{ STARY )« SYSTIM SITUP
v
MAIN MONITORING LOOP
Y OPINY
(s+=1)
e | )
o Dapley » Doplay

"Shee "Normal Status “Checking for Eve Movernent.*|
Watt 1 Second STHL CLOSED? ig = 0}
o Trigger Alaem (Pin (AU

o Display
| OFF  Nermal Satus Disphay “Seep Detected

Wkt 1 Second Wait 1 Second

| Trigger Alarm (Min 6 LOW) | of STILL CLOSED?
Ouplay “Sevp Detected™ Oermithe Q)
_muqouo’u--ov STRL QLOSEY NOW?

o Owsplay "Sleep o] FUASH INDICATORS (Pin 5)

“Serp Soeked” = ONJOFF with 1 -sec delay

» ""Oliplay “Sleep Confirmed™!

> stop |
**ACTIVATE BRAKES (P 7 HIGH)
Fig. 2: Algorithm Flowchart.
V. EXPERIMENTAL RESULTS

A. Performance Metrics
The system was tested under controlled conditions
with the following results:

Eye Blink Signal «+.

~~
Alert Driver

P

Automatic Braking

s Hazard Warning Lights

Fig. 3: 2D Design
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TABLE I: Experimental performance metrics.

Metric Value
Drowsiness detection 92%
accuracy

Obstacle detection 3—4ft (95% accuracy)
range

System response time <0.5s

False positive rate <5%
Braking distance (from 2-3s

50 km/h)

Power consumption <50 W

B. Budget Analysis

The total component cost is INR 12,550, well within
the target budget of INR 15,000. Table II details the
cost breakdown.

TABLE II: Component cost breakdown.

Component Qty. Unit Total
Cost (INR)
(INR)

Arduino Uno 1 800 800

Eye blink 1 1200 1200

sensor

IR obstacle 3 300 900

sensor

Proximity 1 450 450

sensor

Solenoid 2 900 1800

valve

Pneumatic 2 1200 2400

cylinder

Relay module 1 250 250

Buzzer 1 50 50

Frame & 1 1000 1000

mounting

Miscellaneous 1 2200 2200

Total 12,550

C. System Robustness

The system maintained consistent performance across
different lighting conditions and driver physiologies.
Fail-safe mechanisms ensured no unintended braking
during normal operation.
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VI.  DISCUSSION

The DriveGuard system demonstrates an effective
integration of biometric monitoring and automated
vehicle control, addressing a critical safety challenge
in modern transportation. By continuously analyzing
the driver’s eye blink behavior, the system is capable
of identifying early signs of fatigue and initiating
corrective action through automatic braking. This
approach significantly reduces dependency on human
reaction time, which is often compromised during
drowsy driving conditions.

The use of a pneumatic braking mechanism offers
several advantages over conventional electro-
mechanical systems. Pneumatic actuation ensures fast
response, consistent braking force, and high reliability,
especially under repeated operation. Additionally, the
modular system architecture enhances flexibility,
allowing individual components such as sensors,
control units, and actuators to be upgraded or replaced
without major redesign. This makes the system
adaptable to future technological advancements.

However, certain limitations were observed during
implementation. The performance of eye blink sensors
may be affected by extreme lighting conditions,
improper sensor alignment, or variations in individual
eye characteristics. Periodic calibration is necessary to
maintain detection accuracy and reduce false triggers.
Despite these limitations, the overall system
performance remains reliable under normal operating
conditions.

Future improvements may include multi-sensor
fusion, IoT connectivity for real-time monitoring, and
Al-based fatigue prediction models to enhance
accuracy, robustness, and scalability of the system.

VII. CONCLUSION

This paper presented DriveGuard, an integrated eye
blink sensor—based automatic braking system aimed at
preventing road accidents caused by driver fatigue and
reduced alertness. With the increasing number of
fatigue-related incidents world- wide, the need for
preventive  safety —mechanisms that operate
independently of driver intervention has become
critical. DriveGuard addresses this challenge by
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continuously monitoring eye blink patterns to assess
the driver’s alertness level and automatically initiating
braking action when drowsiness is detected.

A key strength of the proposed system lies in its use of
low-cost, non-intrusive infrared eye blink sensors,
which allow continuous monitoring without causing
discomfort or distraction to the driver. Unlike complex
camera-based vision systems, the chosen sensing
approach is simple, energy- efficient, and suitable for
real-time operation. The integration of these sensors
with a microcontroller-based control unit enables
reliable decision-making based on predefined fatigue
thresholds.

The adoption of a pneumatic braking mechanism
further enhances system performance by ensuring fast
response time, consistent braking force, and
mechanical reliability. Pneumatic actuation is
particularly ~ advantageous  in  safety-critical
applications due to its robustness and ease of
maintenance. Experimental validation of the system
confirms accurate detection of abnormal eye closure,
rapid braking response, and stable operation under
normal driving conditions, demonstrating its practical
feasibility for real-world deployment.

DriveGuard also features a modular and scalable
design, allowing future enhancements such as camera-
based vision, multi-sensor fusion, and machine
learning—based adaptive thresholding without major
architectural changes. This flexibility makes the
system suitable for a wide range of vehicles, including
commercial transport and long-haul applications
where fatigue risk is higher.

Overall, DriveGuard represents a meaningful step
toward making advanced automotive safety features
accessible, affordable, and effective. By combining
intelligent sensing with automated braking, the system
contributes to the broader global objective of reducing
road accidents and enhancing transportation safety
through intelligent automation.

VIII. FUTURE SCOPE
The proposed Eye Blink Sensor Based Automatic

Braking System can be further improved by
integrating advanced technologies to enhance its
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accuracy and reliability. In the future, camera-based
vision systems and image processing techniques can
be used to detect eye closure, yawning, and head
movements for better drowsiness detection. Machine
learning algorithms can also be applied to analyze
driver behavior patterns and predict fatigue more
accurately. The system can be connected to the
Internet of Things (IoT) to enable real-time
monitoring, cloud data storage, and remote alerts for
vehicle owners or fleet managers. Additionally, it can
be integrated with advanced driver assistance systems
such as lane departure warning, collision avoidance,
and adaptive cruise control to provide a more
comprehensive vehicle safety solution. With improved
sensors and real-world vehicle inte- gration, the
system has the potential to become a reliable safety
feature for modern automobiles and help reduce
accidents caused by driver fatigue.
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