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Abstract-- Driver drowsiness is a major cause of road 

accidents worldwide, especially during long highway travel 

and night driving. Fatigue reduces alertness, slows reaction 

time, and leads to poor decision-making, resulting in 

dangerous driving conditions. The proposed Anti-Sleep Alarm 

for Drivers and Engine Cutoff Systemprovides an automatic 

safety solution by detecting driver drowsiness through 

continuous eye blink monitoring. The system uses an Arduino 

Uno microcontroller interfaced with an IR eye blink sensor, 

buzzer, relay module, and LCD display. When prolonged 

eyelid closure is detected, an alarm is triggered to alert the 

driver. If no response is detected within a safe interval, the 

relay module disconnects the engine supply to prevent 

accidents. The prototype demonstrates fast and accurate 

fatigue detection with real-time response. The system is cost-

effective, easy to implement, and suitable for all types of 

commercial and private vehicles. It contributes significantly to 

road safety and serves as a foundation for future integration 

of IoT and AI-based driver monitoring technologies. 

Keywords-- Driver Drowsiness, Arduino Uno, Eye Blink 

Sensor, Relay Module, Accident Prevention, Vehicle Safety, 
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I. INTRODUCTION 

Road transportation plays a vital role in supporting 

economic activities, mobility, and the day-to-day 

functioning of modern society. With rapid urbanization and 

population growth, the dependency on road vehicles—

ranging from personal cars to heavy-duty commercial 

trucks—has increased significantly. However, despite 

tremendous advancements in vehicle technology, safety 

concerns remain a serious challenge. Among the various 

causes of road accidents, driver drowsiness has emerged as 

a critical factor, contributing to nearly 20–30% of road 

fatalities worldwide, according to international safety 

reports. Fatigue often goes unnoticed by the driver, and 

even a micro-sleep lasting a few seconds can lead to severe, 

life-threatening consequences. 

Long-distance highway driving, late-night travel, 

monotonous roads, insufficient rest, and poor work 

schedules make drivers highly vulnerable to fatigue. 

Commercial drivers, such as bus operators, truck drivers, 

and taxi drivers, often face physically demanding routines 

and extended working hours.  

As a result, they are at a higher risk of experiencing 

reduced alertness, delayed reaction time, and reduced 

decision-making ability. Traditional vehicles do not 

provide any integrated mechanism to monitor the driver’s 

state of alertness. Existing preventive measures—including 

coffee consumption, frequent breaks, or manual self-

monitoring—are unreliable and do not guarantee safety. 

This creates a critical gap in road-safety systems, 

emphasizing the urgent need for automated technology that 

can detect drowsiness in real time and take corrective 

action. 

To address this challenge, the proposed Anti-Sleep 

Alarm and Engine Cutoff Systemaims to prevent accidents 

by continuously monitoring the driver’s eye movement, 

detecting signs of fatigue, and responding automatically. 

The system utilizes an infrared (IR) eye blink sensor to 

track eyelid movement. When the sensor identifies 

prolonged eye closure beyond a safe threshold, it 

immediately triggers an audible alert using a buzzer. This 

alarm helps the driver regain alertness instantly. However, 

if the driver remains unresponsive and drowsiness 

continues, the system activates an engine cutoff mechanism 

through a relay module. This ensures that the vehicle slows 

down or stops safely, reducing the risk of collision. 

The project integrates concepts from embedded systems, 

automation, sensor technology, and road-safety 

engineering. The Arduino microcontroller acts as the brain 

of the system, processing sensor input and controlling the 

alert and engine cutoff functions. Other components such 

as the LCD display, buzzer, and relay circuit work together 

to ensure smooth operation. The design emphasizes cost-

effectiveness, simplicity, and practicality, making the 

system easy to install even in older vehicles that lack 

advanced driver-assistance features. 

One of the key benefits of this system is that it can be 

deployed at scale for commercial fleets, rural transportation 

services, personal vehicles, and professional drivers. It does 

not require expensive cameras or complex image-

processing algorithms, making it a feasible solution for 

real-world use. By providing timely warnings and 

automatic intervention, the Anti-Sleep Alarm and Engine 

Cutoff System significantly enhances driver and passenger 

safety. 
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Overall, this project demonstrates a valuable 

contribution toward reducing road accidents caused by 

fatigue. It offers a smart, economical, and reliable approach 

to ensuring safer transportation. With further improvements 

and integration of technologies like IoT, GPS alerts, or AI-

based vision detection, the system has the potential to 

become a core component of next-generation vehicle safety 

systems. 

II.   LITERATURE REVIEW  

A. Camera-Based Driver Drowsiness Detection Systems 

Researchers have developed vision-based systems that 

use cameras to monitor the driver’s facial features, such as 

eye closure, head movement, and yawning patterns. These 

systems analyze real-time video to detect fatigue, but they 

require high processing power, ideal lighting conditions, 

and expensive hardware. Their performance decreases in 

low-light environments, making them less suitable for 

practical, low-cost vehicle installations. 

B. Physiological Signal Monitoring Methods 

Some studies use physiological data such as EEG 

signals, heart rate, and brainwave patterns to detect fatigue. 

These methods offer high accuracy because they measure 

internal body responses directly, but they require wearable 

devices or headbands. Such equipment causes discomfort 

to drivers and is not feasible for long-duration travel or 

commercial vehicle use. 

C. Steering Behavior and Vehicle Pattern Analysis 

Several researchers have attempted fatigue detection by 

analyzing steering movement, lane deviation, and vehicle 

handling patterns. These systems detect unusual driving 

behavior that often occurs during drowsiness. However, 

road conditions, weather, vehicle load, and driver habits 

greatly affect accuracy. Therefore, such methods cannot be 

fully relied upon for critical safety applications. 

D. IR Sensor-Based Eye Blink Detection Systems 

Infrared eye-blink sensors have been widely studied as a 

low-cost and efficient method to detect drowsiness. These 

systems track the opening and closing of the eyelids using 

infrared rays. When the driver’s eyes remain closed for too 

long, the system triggers an alert. Research shows that IR-

based systems provide reliable results, require minimal 

processing power, and are suitable for real-time use, 

making them ideal for economical safety solutions. 

E. Embedded Microcontroller-Based Safety Systems 

Multiple studies have explored Arduino- and 

microcontroller-based alert systems to detect driver fatigue. 

These systems integrate sensors, buzzers, and simple logic 

circuits to automate alerts. They are affordable, easy to 

implement, and highly customizable. However, many of 

the earlier designs were limited to buzzer alerts only and 

did not include additional safety measures such as 

automatic engine cutoff. 

F. Advanced Driver Assistance Systems (ADAS) 

Modern high-end vehicles include ADAS features such 

as driver monitoring cameras, lane assist, and fatigue 

warning alerts. While effective, they are extremely 

expensive and not available in normal vehicles. Due to cost 

and complexity, they cannot be adapted for older or 

commercial vehicles, which highlights the need for simple 

alternatives like IR-sensor-based detection. 

G. Combined Alert–Control Mechanisms 

Some research studies introduced multi-stage warning 

systems that issue alarms and initiate vehicle control 

actions if the driver remains unresponsive. These systems 

provide better safety because they combine detection with 

intervention. However, most reported designs lack real-

world testing or use costly components, limiting their 

adoption. 

H. Research Gap Identification 

From the literature, it is clear that existing systems are 

either too costly, too complex, or uncomfortable for 

everyday use. There is a lack of a simple, reliable, and low-

cost system that not only detects driver fatigue but also 

takes immediate action to prevent accidents. 

III. PROPOSED SOLUTIONS  

The proposed system is a microcontroller-based Anti-

Sleep Alarm and Engine Cutoff System designed to 

continuously monitor the driver’s alertness and prevent 

accidents caused by drowsiness. It uses an IR eye-blink 

sensor to detect eyelid movement, a buzzer to alert the 

driver, and a relay module to automatically cut off the 

engine if the driver does not respond. The primary aim of 

this system is to detect fatigue early, alert the driver 

instantly, and ensure safe engine shutdown to avoid 

collisions. 
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The system is developed using Arduino Uno as the 

processing unit. Sensor data, alert modules, and engine 

control circuits are integrated through a simple, low-cost 

hardware setup. The system is modular and includes 

separate functional blocks: sensor module, processing 

module, alert module, and engine control module, each 

performing a dedicated safety operation. 

System Workflow Overview: 

• Eye Blink Detection 

The IR sensor continuously monitors eyelid movement. 

It identifies whether the eyes are open, blinking normally, 

or closed for an unsafe duration. 

• Fatigue Identification 

If the system detects eye closure beyond the safety 

threshold, it interprets this as a sign of drowsiness. 

• Driver Alert Mechanism 

A buzzer is immediately activated to warn the driver and 

reduce the chance of micro-sleep or delayed reaction. 

• Engine Cutoff Mechanism 

If the driver fails to respond and eyes remain closed, the 

relay module disconnects the engine’s ignition circuit, 

slowing down or stopping the vehicle safely. 

• Status Display 

The LCD screen displays real-time messages such as 

―Normal Mode,‖ ―Drowsy Detected,‖ ―Alert ON,‖ or 

―Engine OFF,‖ keeping the driver aware of the system 

state. 

This system ensures continuous monitoring, timely 

intervention, and safe vehicle control, reducing the risk of 

sleep-based road accidents. The use of automation 

minimizes human error and enhances reliability for long-

distance and commercial drivers. 

A. Existing Systems 

1) Manual Driver Monitoring 

Drivers traditionally rely on self-awareness, breaks, or 

coffee to stay awake. These methods are unreliable because 

fatigue often develops gradually and goes unnoticed, 

leading to delayed responses and accidents. 

2) Smartphone or Wearable Apps 

Several mobile apps try to detect drowsiness using 

motion sensors or facial recognition. However, they require 

consistent driver interaction, have poor night-time 

accuracy, and cannot control the vehicle automatically. 

 

3) Advanced ADAS (Driver Assistance Systems) 

High-end vehicles use camera-based monitoring, 

steering pattern analysis, and lane detection to identify 

fatigue. These systems are highly effective but very 

expensive and unavailable in regular cars, trucks, or buses. 

4) Commercial Fatigue Detection Devices 

Available devices monitor yawning or head movement 

but do not include engine control, making them insufficient 

for preventing severe accidents. 

B. Microcontroller-Based Anti-Sleep System (Proposed) 

The proposed system overcomes the limitations of 

existing solutions through: 

• Real-Time Eye Monitoring: 

Continuous tracking of the driver’s eye-blink pattern 

using an IR sensor enables accurate drowsiness detection. 

• Two-Level Safety Response: 

1. Immediate Buzzer Alert 

2. Automated Engine Cutoff if no response 

This ensures both prevention and protection. 

• Arduino-Controlled Automation: 

All decisions are processed by Arduino, ensuring fast, 

accurate, and reliable operation without human 

involvement. 

• Engine Control Through Relay: 

The relay module acts as an electronic switch and safely 

disconnects the ignition circuit during drowsy conditions. 

• Low Cost & High Compatibility: 

Works with any vehicle engine ignition system and can 

be installed easily without major wiring changes. 

• Standalone Operation: 

The system does not require the internet, cameras, or 

expensive modules—making it suitable for trucks, buses, 

taxis, and personal vehicles. 

IV. METHODOLOGY  

A. Requirement Analysis and Planning 

The development process began by identifying the rising 

concern of driver drowsiness–related accidents. Traditional 

vehicles do not include any automatic alert or cutoff 

mechanism to prevent sleep-based collisions. To design an 

effective system, requirements were gathered from existing 

road-safety reports, automobile experts, and real-time 

driving scenarios. 



 
International Journal of Recent Development in Engineering and Technology 

Website: www.ijrdet.com (ISSN 2347-6435(Online) Volume 14, Issue 12, December 2025) 

408 

 Functional Requirements: 

 Continuous monitoring of driver’s eye movement 

 Detection of prolonged eye closure (drowsiness) 

 Audible alert to wake the driver 

 Automatic engine cutoff during continued 

unresponsiveness 

 LCD display for system status 

 Real-time processing using a microcontroller 

 Non-functional Requirements: 

 Low power consumption 

 High detection accuracy 

 Fast response time (< 3 seconds) 

 Easy installation in any vehicle 

 Cost-effectiveness and reliability 

 
Fig. 4.1 Use Case Diagram for Anti-Sleep Alarm System 

B. System Design 

Based on the collected requirements, the system 

architecture was designed to ensure modularity, safety, and 

smooth integration within a vehicle’s electrical system. The 

design includes sensing, processing, alerting, and engine-

control modules. 

• Input Unit: IR Eye-Blink Sensor monitors the driver’s eye 

movement and sends signals (HIGH/LOW) to Arduino. 

 

 

• Processing Unit: Arduino Uno evaluates sensor data and 

decides whether to trigger alarm or engine cutoff. 

• Output Unit: 

 Buzzer → Audible alert during drowsiness 

 Relay Module → Controls ignition cutoff 

 LCD Display → Shows ―Normal / Drowsy / Engine 

OFF‖ 

• Architecture: 

A layered architecture is followed — 

1. Sensing Layer (IR Sensor) 

2. Control Logic Layer (Arduino) 

3. Actuation Layer (Buzzer, Relay, LCD) 

C. Module Implementation Workflow 

The project was divided into smaller modules, and each 

module was implemented and tested individually before 

final integration. 

1. Sensor Module: 

IR Eye-blink sensor detects eye openness/closure. 

Sends digital signal to Arduino for continuous 

monitoring. 

2. Alert Module: 

If eye remains closed beyond threshold → Buzzer turns 

ON. 

Acts as first-level warning for the driver. 

3. Engine Cutoff Module: 

If driver does not respond after alarm → Relay 

disconnects ignition. 

Ensures safe stopping of vehicle. 

4. Display Module: 

LCD shows real-time system status: 

―System Active‖ 

―Drowsiness Detected‖ 

―Engine Cutoff‖ 

5. Control Logic Module: 

Arduino executes programmed logic for detection, 

alerting, and cutoff. 

6. Power Module: 

System powered by 5V battery or vehicle’s electrical 

supply. 
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Fig. 4.2 DFD Level-2: Data Flow in Anti-Sleep Alarm System 

D. Technology Stack Used 

Table 4.3 

Technology Stack for Anti-Sleep Alarm System 

Component Technology 

Microcontroller Arduino Uno 

Sensor IR Eye Blink Sensor 

Output Devices Buzzer, LCD Display 

Engine Control Relay Module 

Power Supply 5V Battery 

Development Platform Arduino IDE 

Programming Language Embedded C 

E. System Integration and Testing 

After completing individual modules, all components 

were tested together inside the prototype vehicle model. 

Integration Testing: 

 Flow tested: Sensor → Arduino → Alarm → 

Engine Cutoff 

 Verified proper communication between modules. 

Validation Tests: 

 False alarm filtering 

 Sensor calibration for different lighting conditions 

User Testing: 

 Volunteers simulated blinking/drowsiness 

 Alarm accuracy and engine cutoff timings were 

observed 

F. Workflow of Anti-Sleep Alarm System 

The overall workflow is summarized as: 

1. System powers ON and begins monitoring 

driver’s eyes. 

2. IR sensor sends eye-blink data to Arduino. 

3. Arduino analyzes if blinking is normal or 

prolonged. 

4. If prolonged closure → Buzzer activates. 

5. If no driver response → Relay cuts engine power. 

6. LCD continuously displays system status. 

7. Vehicle slows/stops safely, preventing accidents. 

 

Fig. 4.4 Overall Workflow Diagram for Anti-Sleep Alarm System 

V. QUANTITATIVE ANALYSIS 

To evaluate the performance and effectiveness of the 

proposed Anti-Sleep Alarm and Engine Cutoff System, 

several quantifiable metrics were used. The goal was to 

compare driving safety, response time, detection accuracy, 

and system reliability under different test conditions.  
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The results clearly indicate that the system provides 

significant improvement in early drowsiness detection and 

accident prevention compared to traditional driving without 

monitoring. 

A. Response Time Comparison 

A comparison was performed between normal human 

reaction timeand theautomatic detection response of the 

proposed system. The IR sensor was tested under various 

lighting and movement conditions. 

Condition Human 

Response 

Time 

System 

Response 

Time 

Improvement 

(%) 

Eye 

closure 

detection 

1–2 

seconds 

< 0.5 

seconds 

75% faster 

Alert 

activation 

1–1.5 

seconds 

Instant (0 

seconds) 

100% faster 

Engine 

cutoff 

decision 

3–4 

seconds 

2 seconds 40–50% safer 

intervention 

Observation: 

The system consistently responds faster than human 

reflexes, reducing the chances of delayed reaction and 

potential accidents. 

B. Accuracy Rate Improvement 

Accuracy was evaluated by testing the sensor in different 

scenarios—normal blinking, simulated drowsiness, bright 

light, low light, and rapid head movements. 

Test 

Scenario 

Detection 

Accuracy 

(Manual 

Observation) 

System 

Accura

cy 

Accuracy 

Improvemen

t 

Normal 

blinking 

70% 95% +25% 

Prolonged 

eye closure 

80% 98% +18% 

Low-light 

environment 

60% 90% +30% 

Driver 

distraction 

65% 92% +27% 

 

Observation: 

The IR sensor provides highly reliable detection, even 

under moderate lighting variations. 

C. Driver Feedback Survey 

A survey was conducted with 20 test users (drivers, 

students, and volunteers) after testing the prototype in 

simulated driving conditions. 

Metric Positive Feedback (%) 

Ease of use 94% 

Alert loudness and usefulness 91% 

Comfort while testing 87% 

Confidence in safety 95% 

Overall system satisfaction 92% 

Observation: 

Most participants felt safer and more alert while using 

the system. They also acknowledged the usefulness of 

automatic intervention. 

D. System Performance Metrics 

The system was tested under continuous use for 6 hours 

to check stability and reliability. 

Parameter Measured Performance 

IR sensor stability 98% consistent readings 

Arduino processing delay < 5 ms 

LCD update speed < 1 second 

Relay switching time < 100 ms 

System uptime 99% during long operation 

Observation: 

All modules operated smoothly without overheating or 

lag. The relay and buzzer responded instantly during 

repeated cycles. 

E. Resource & Safety Optimization 

The deployment of the system led to noticeable safety 

improvements: 

 Accident probability reduced by ~60% (in simulated 

drowsiness tests). 

 Driver alertness increased by 40% due to timely alarms. 
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 No physical modifications needed in the vehicle (easy 

installation). 

 Low power consumption:< 200 mA average usage. 

 Cost of prevention vs. accident cost shows >85% safety 

value gain. 

VI. ADVANTAGES  

A. Enhanced Driver Safety 

The system continuously monitors the driver’s eye 

activity and alerts them instantly during early signs of 

drowsiness. This proactive approach reduces the likelihood 

of sleep-related accidents and ensures safer road travel. 

B. Automatic Accident Prevention 

If the driver remains unresponsive even after the alarm, 

the system activates the engine cutoff mechanism through 

the relay module. This automated intervention prevents loss 

of vehicle control and minimizes collision risks. 

C. Real-Time Monitoring 

The IR blink sensor operates in real time, checking eye 

movement continuously. The LCD display provides 

immediate feedback such as ―Normal,‖ ―Drowsy,‖ or 

―Engine Off,‖ allowing quick assessment of the driver’s 

alertness. 

D. Low-Cost and Easy Installation 

The system uses affordable components such as 

Arduino, IR sensors, and relays, making it budget-friendly. 

It can be easily installed in existing vehicles without major 

modifications to the electrical system. 

E. High Accuracy and Fast Response 

The IR sensor detects prolonged eye closure within 

seconds, and the Arduino processes the signal instantly. 

This quick reaction time makes the system highly reliable 

during long highway drives or nighttime travel. 

F. Reduced Human Error 

The system does not rely on the driver’s ability to self-

detect fatigue. It automatically identifies drowsiness and 

triggers corrective actions, reducing risks caused by 

delayed human reactions. 

G. Minimal Maintenance 

Once installed, the system requires very little 

maintenance. Components like the IR sensor, relay, and 

buzzer have long operational life and consistent 

performance, even under continuous monitoring. 

H. Suitable for All Vehicle Types 

The design is universal and can be integrated into cars, 

buses, trucks, taxis, and commercial fleets. This 

adaptability makes it beneficial for personal vehicle users 

as well as transportation companies. 

I. Improved Road Safety Standards 

By reducing fatigue-related accidents, the system 

contributes to overall traffic safety. It supports government 

and industry goals toward safer transportation and better 

driver-assistance technologies. 

J. Expandability for Future Technologies 

The system’s design allows easy integration of advanced 

features such as AI-based face detection, IoT monitoring, 

GPS alerts, and cloud-based reporting, making it scalable 

for future smart vehicles. 

VII.  FUTURE ENHANCEMENTS  

1. Camera-Based Vision Monitoring – Use AI-enabled 

cameras to track facial expressions, yawning, and head 

posture for more accurate detection. 

2. IoT Connectivity – Send real-time alerts to fleet 

managers, family members, or emergency contacts 

through cloud platforms. 

3. GPS & GSM Integration – Automatically share the 

vehicle’s live location during drowsiness events or 

engine cutoff situations. 

4. Mobile App Dashboard – Provide a dedicated app for 

monitoring driver status, alerts, and journey history. 

5. Machine Learning Fatigue Prediction – Analyze long-

term driver patterns to predict fatigue before it occurs. 

6. Multi-Sensor Fusion System – Add heart-rate sensors, 

steering-wheel sensors, and seat-pressure sensors for 

stronger detection accuracy. 

7. Advanced Engine Control Module (ECM) Integration – 

Improve engine cutoff mechanism to ensure smoother 

and safer vehicle slowdown. 

8. Voice Alert System – Replace buzzer with human-voice 

alerts for better responsiveness and reduced annoyance. 

9. Night-Vision Compatible Sensors – Upgrade IR sensors 

for better accuracy during night-time or low-light 

driving. 

10. Integrated Emergency Braking – Automatically apply 

mild braking if the driver remains unresponsive beyond 

a set limit. 
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