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Driving demands continuous alertness, concentration, and decision-making ability. However, prolonged 
driving or irregular sleep schedules can result in driver fatigue, a condition characterized by reduced alertness, 

Administration (NHTSA) [1], fatigue contributes to thousands of crashes annually and is responsible for a 
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Driver fatigue is one of the leading causes of road accidents worldwide, 

driver drowsiness and timely alerts can prevent numerous accidents. This 

research presents the design and implementation of a wearable driver fatigue 

detection system using infrared (IR) sensor goggles and an Arduino Uno 

blinking rate and eye closure duration to identify fatigue in real time.The 

abnormal blinking or prolonged closure. Visual alerts through LEDs notify the 

driver upon detecting fatigue symptoms. Experimental testing demonstrated 

accurate fatigue recognition under various lighting conditions with minimal 

practical solution for enhancing driver safety.
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Conventional fatigue detection systems often rely on physiological signals (EEG, ECG, pulse), camera-

movement.
This research proposes a wearable IR-sensor-based system that tracks the driver’s eye activity through 

sensor goggles. The device measures eye blink frequency and eye closure duration, both of which are proven 
indicators of drowsiness. Using an Arduino Uno microcontroller for real-time signal processing, the system 

road safety by providing an early warning mechanism to prevent accidents caused by drowsy driving.

Driver fatigue [2] detection has been a prominent area of research in the domains of automotive safety, 
biomedical engineering, and human–computer interaction. Various detection methodologies have been explored, 

Several studies have utilized physiological signals like Electroencephalogram (EEG), Electrocardiogram 
(ECG), and Electrooculogram (EOG) to assess the fatigue state of drivers. Lal and Craig (2001) discussed 
changes in brain wave patterns during fatigue using EEG sensors. Although accurate, these systems are intrusive 
and uncomfortable for long-termuse [2].

ambient light and require advanced image processing algorithms, which increases cost and computational 
complexity [3].

lightweight, and easy to integrate.

Unlike camera or EEG-based systems, the proposed research introduces a low-cost IR-sensor goggle system 

The methodology integrates hardware and software to form a complete driver fatigue detection system. 
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The IR transmitter emits invisible infrared light towards the driver’s eye. When the eye is open, most of 

converts it into an electrical voltage that varies based on the eye’s state.

feeding the signal into the Arduino’s analoginput.

based logic to distinguish between open and closed eye states. 
The algorithm monitors:
- Blink Rate (per minute)
- Eye Closure Duration (in seconds)
If the closure duration exceeds a preset threshold (e.g., >2 seconds) or if the blink frequency drops abnormally, 

the system concludes that the driver is fatigued and activates an alert LED.

Visual indicators (LEDs) are used to warn the driver immediately upon detection of fatigue. Future 

Calibration is conducted by recording voltage levels corresponding to open and closed eyes under various 
lighting conditions. This establishes the threshold range for reliable detection and reduces false triggers due 
to environmental light variations.

Arduino Uno ATmega328P Central control and processing

IR Transmitter/Receiver Eye detection

Resistors Current limiting and biasing

LED Red indicator Fatigue alert

Battery Power supply for portability

VISTA INTERNATIONAL JOURNAL ON ENERGY, ENVIRONMENT& ENGINEERING  VOLUME 10 (2025), ISSUE 4



52   I

input. Resistors regulate current through the IR LED, while the op-amp boosts the receiver output. LEDs are 

1. Initialize IR sensor input and LED output.
2. Read the analog signal from the IR receiver.
3. Compare with the threshold voltage.

6. Repeat continuously in real time.

Testing involved volunteers simulating real driving conditions in varied lighting. Multiple sessions were 
recorded to verify the consistency and accuracy of fatigue detection across users.

The developed prototype successfully detected prolonged eye closure and abnormalblinking patterns. 

The performance was evaluated and measured as follows in Table 2.

Measured performance parameters

1 Average Detection Accuracy
2 Average Response Time <1 second
3 False Trigger Rate

Power Consumption ~0.3W
    

The system demonstrated robust performance across varied light environments due to the IR sensing 

However, false detections occasionally occurred during rapid head movements or sudden lighting changes. 
Integrating adaptive thresholds or machine learning models could enhance accuracy.

- Compact and wearable form factor

- Low-cost and easy to assemble
- Non-invasive and comfortable to wear
- Real-time operation
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-   Visual-only alert system (no sound)
-   Sensitivity to head movement
-   Limited long-duration comfort

fatigue through blink patterns and eye closure duration. The prototype proved reliable, accurate, and suitable 
for real-time fatigue detection.

Future enhancements are narrated as follows:
-  Audio or vibration alerts for stronger driver response.
-  Wireless connectivity (Bluetooth/Wi-Fi) for data logging and vehicle integration.

rate, head pose).
-   Integration with in-vehicle systems for automatic braking or lane alerting.

on roads.

nhtsa.gov/risky-driving/drowsy-driving

[2] S. K. L. Lal and A. Craig, 2001, A Critical Review of the Psychophysiology of Driver Fatigue, Biological 

cc/usa/arduino-uno-rev3
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