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Abstract  

The intelligent and sophisticated Driver Drowsiness 

Detection System was created to reduce traffic accidents 

brought on by drivers' inattention or fatigue. Using a real-

time camera, the system continuously tracks the driver's 

facial movements and evaluates the duration and frequency 

of eye closure. It can identify when the driver's eyes stay 

closed past a predetermined threshold by using image 

processing to calculate the Eye Aspect Ratio (EAR). The 

device immediately sounds an alarm to warn the driver and 

avert a potential collision when it detects tiredness. This 

technique offers a quick, effective, and non- intrusive 

solution to guarantee road safety and lower driving-related 

human error. 

For precise facial landmark detection and efficient image 

processing, the suggested model makes use of Python 

modules like OpenCV, dlib, and NumPy. It is an affordable, 

dependable option that is simple to install in automobiles. 

This device contributes significantly to safer roads and the 

saving of many lives by preventing sleepy driving and 

issuing appropriate warnings. All things considered, the 

Driver Drowsiness Detection System makes a substantial 

contribution to the advancement of road safety and 

contemporary intelligent car technology. 

Keywords: Driver Drowsiness Detection, Eye Aspect Ratio  

 

(EAR), Mouth Aspect Ratio (MAR), OpenCV, dlib, Python, 

Computer  Vision,  Image  Processing,  Fatigue Detection, 

Alert System. 

INTRODUCTION 

In recent years, driver weariness and sleepiness have 

emerged as significant contributors to traffic accidents, 

particularly while driving long distances on highways. 

Numerous studies and surveys indicate that driver fatigue 

or inattention is a major contributing factor in a significant 

portion of auto accidents. Fatigue causes a driver to 

become less attentive and react more slowly, which might 

result in risky delays in making decisions. Such events 

frequently result in fatalities, underscoring the critical need 

for efficient driver monitoring and alert systems. 

Modern computer vision techniques can be utilized to 

automatically identify tiredness as a solution to this 

problem. The degree of weariness can be predicted by 

examining the driver's facial behavior, including eye 

closure duration, blinking frequency, and yawning. These 

changes in face features are observed by the Driver 

Drowsiness Detection System using real-time video input 

from a camera. The device instantly sounds an alarm to 

warn the motorist if it notices that the driver is yawning 
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frequently or has their eyes closed for extended periods of 

time. 

A key component of this method is the idea of Eye Aspect 

Ratio (EAR) and Mouth Aspect Ratio (MAR). While MAR 

aids in the detection of yawning, EAR is used to gauge the 

degree of eye opening. Algorithms for detecting face 

landmarks are used to determine both of these 

characteristics. The algorithm determines that the driver is 

probably sleepy or exhausted when EAR drops below a 

predetermined level or MAR rises above a predetermined 

value. This technique offers an effective, non-intrusive, 

and economical way to improve road safety and prevent 

collisions. 

Python and robust libraries like OpenCV, dlib, and NumPy 

are used in the system's development. These tools make it 

possible to track the driver's facial emotions in real time 

using quick and precise image processing. This technology 

is appropriate for practical uses in automobiles due to its 

straightforward hardware and precise software. In order to 

improve accuracy and adaptability to various lighting 

conditions, camera angles, and driver postures, future 

versions may incorporate sophisticated machine learning 

algorithms. 

For more intelligent reactions, such automated braking, seat 

vibration alerts, or message notifications to emergency 

contacts in the event of persistent drowsiness, this system 

can also be connected with IoT-based car systems. By 

putting such hybrid models into practice, safety standards 

will be further raised and human error-related traffic 

accidents may be decreased. 

Furthermore, sleepiness detection technologies can be a 

vital transition technology in the expanding field of 

autonomous and semi-autonomous cars. They guarantee 

that the system can assess alertness and take necessary 

remedial action even when drivers are only partially in 

charge. Therefore, this research advances both the future of 

intelligent transportation systems and road safety.  

The project's ultimate objective is to reduce human error 

brought on by weariness in order to improve transportation 

safety and dependability. The Driver Drowsiness Detection 

System reduces accidents, saves lives, and advances the goal 

of intelligent and safe mobility for all road users by offering 

real-time monitoring and timely notifications. 

LITERATURE REVIEW 

Over the past ten years, a significant area of research has 

been the development of intelligent driver aid and 

sleepiness detection systems. Researchers have suggested 

a number of techniques to track drivers' alertness levels in 

light of the rising incidence of traffic accidents brought on 

by fatigue and inattention. The current research in the fields 

of eye-blink detection, yawning detection, facial feature 

extraction, and alarm mechanism design is highlighted in 

this study. 

1.1. Eye-Blink Detection Methods:- 

 

One of the most reliable measures of driver weariness is 

eye-blink tracking. The PERCLOS method, which gauges 

the percentage of eye closure to identify drowsiness, was 

developed by Bergasa et al. [2]. An eyelid-movement 

model was also created by Ji et al.[5] to detect weariness. 

Jo et al. [6] used infrared imaging to detect eye closure in 

low light. While Murtaza et al. [13] increased accuracy by 

integrating EAR values with head posture estimation, Kaur 

and Kaur [7] employed visual features for blink analysis. 

Despite their effectiveness, these techniques frequently call 

for additional gear or steady lighting. 

1.2. Facial Landmark Detection and EAR:- 

 

dlib-based facial landmark detection has gained popularity 

for real-time monitoring. A quick 68-point landmark 

model that is still in use today was introduced by Kazemi 

and Sullivan [8]. In order to detect prolonged eye closure, 

Soukupová and Čech [19] devised the Eye Aspect Ratio 

(EAR), which assesses the vertical and horizontal eye 

distances. EAR is a straightforward and effective 

diagnostictechnique because it dramatically drops with 

tiredness. Bradski's OpenCV tools [3] facilitate the low-

cost implementation of face detection and EAR 

computation. 

1.3. Mouth Aspect Ratio (MAR) and Yawning 

Detection:- 

Another telltale indicator of drowsiness is yawning. Park et 

al. [14] developed the MAR formula to gauge mouth 

openness, while Abtahi et al. [1] employed lip movement 

analysis to identify yawning. In order to recognize yawns, 

Vicente et al. [20] also examined facial expressions. 

Because MAR can identify both eye closure and mouth-

based fatigue symptoms, it increases system accuracy when 
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paired with EAR. 

1.4. Image Processing and Machine Learning 

Techniques:- 

Driver state classification has made extensive use of 

machine learning techniques. Mehta and Jain [12] used 

machine learning methods to predict weariness, while Gupta 

and Verma [4] suggested a hybrid model including 

physiological and visual signals. Even better outcomes are 

produced by deep learning models: Patel and Joshi [15] and 

Singh and Tiwari [18] employed CNN architectures for real-

time alertness monitoring, while Zhang et al. [22] created a 

CNN-based drowsiness detector. Kim and Lee's [9] and 

Sharma and Gupta's [17] AI-powered smart systems 

demonstrate how contemporary cars can incorporate 

intelligent tiredness monitoring. 

1.5. Detection Systems' Alert Mechanisms:- 

 

The system must notify the driver right away if it detects 

tiredness. A hybrid alarm that uses both vibration and sound 

to shorten reaction times was introduced by Lee et al. [11]. 

Sharma and Gupta's [17] discussion of IoT-supported alerts 

facilitates the transmission of warnings via linked car 

systems. These warning systems are crucial in reducing 

collisions brought on by slow driver reactions. 

1.6. A Comparative Study of Current Methods:- 

 

Although sensor-based techniques, like the study by 

Sahayadhas et al. [16] and the EEG analysis by Lal and 

Craig [10], offer great accuracy, they are frequently costly 

and invasive. Although they are more comfortable, vision-

based systems like those created by Bergasa et al. [2], Jo et 

al. [6], and Soukupová & Čech [19] can be impacted by 

lighting and driver position. Although deep-learning 

techniques [15], [18], and [22] provide great accuracy, they 

may not be the best option for inexpensive cars and call for 

powerful hardware. 

1.7. Motivation and Research Gap:- 

 

Many current systems rely on complex computational 

models or expensive sensors. There are still few affordable, 

lightweight, and real-time options. Using OpenCV [3] and 

dlib face landmarks [8], EAR- and MAR-based techniques 

offer a quick, effective, and useful way to identify tiredness 

without the need for invasive equipment. This serves as the 

driving force behind the suggested system. 

CHALLENGES AND LIMITATIONS 

Despite being quite successful in theory, the Driver 

Drowsiness Detection System has a number of difficulties 

when used in actual driving situations. Lighting conditions 

are one of the main problems. Appropriate lighting has a 

major impact on the system's functioning. The camera may 

not be able to clearly capture face features when driving at 

night or in poor light, which could result in erroneous 

detection findings. Infrared cameras can get around this 

restriction, but they greatly raise the system's overall cost 

and complexity. The position and angle of the camera 

present another restriction. The camera needs to be 

positioned appropriately and in line with the driver's face 

in order to produce reliable data. False detections may 

result from alignment disruption caused by vibrations from 

uneven roadways or inadequate mounting. The accuracy of 

Eye Aspect Ratio (EAR) and Mouth Aspect Ratio (MAR) 

computations can also be impacted by face obstructions 

like masks, sunglasses, or spectacles that obscure 

important landmarks like the mouth or eyes. 

The accuracy of the system as a whole is greatly impacted 

by individual differences. Every driver has unique yawning 

patterns, blinking frequency, and facial features. Therefore, 

it may not be appropriate for all people to use a fixed 

threshold value for metrics like the Eye Aspect Ratio (EAR) 

or Mouth Aspect Ratio (MAR), which could result in false 

alarms or missing fatigue detections. Additionally, in order 

to handle continuous video frames in real time, the system 

needs to have a high computing efficiency. These complex 

calculations may result in processing delays when 

performed on low-performance hardware, which would 

lower the alarm mechanism's responsiveness and 

dependability. 

The performance of the system is also significantly 

impacted by environmental disruptions. The reliability of 

the fatigue recognition process can be decreased by 

variations in illumination intensity, reflections from nearby 

surfaces, and external vibrations that interfere with facial 

landmark detection. Furthermore, the quantity, diversity, 

and quality of the training dataset have a significant impact 

on accuracy in machine learning-based systems. The model 

may perform inconsistently under various driving or 

environmental conditions due to poor generalization caused 

by a small or biased dataset. Despite these difficulties, the 

Driver Drowsiness Detection System is still a realistic, 
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economical, and effective way to reduce driver fatigue-

related accidents. It is anticipated that ongoing 

developments in calibrating methods, adaptive algorithms, 

and hardware performance will further lessen current 

constraints. These advancements will improve the system's 

scalability, resilience, and dependability, making it more 

appropriate for mass acceptance and real-world deployment. 

BENEFITS 

Numerous advantages offered by the Driver Drowsiness 

Detection System (DDDS) directly improve road safety 

and lower the likelihood of accidents brought on by 

fatigued drivers. This system's capacity to continuously 

monitor the driver's facial features and identify early 

indicators of tiredness in real time is one of its main 

advantages. The system detects eye closure, yawning, and 

decreased facial activity using methods such the Eye 

Aspect Ratio (EAR) and Mouth Aspect Ratio (MAR), 

enabling it to notify the driver prior to a total loss of focus. 

By allowing the motorist enough time to respond, this early 

identification can greatly reduce the risk of collisions and 

save lives. 

This technology's pleasant and non-intrusive operation is 

another significant advantage. In contrast to wearing 

sensors or electrodes, which may cause pain for the driver, 

this device analyzes face landmarks using a normal 

camera. In situations when comfort and convenience are 

crucial, such as long drives and business transportation, it 

provides a frictionless solution. 

 

Because the system mostly relies on open-source software 

like OpenCV, dlib, and Python libraries, it is also very 

economical and effective. It can be readily installed in both 

new and old cars because it simply needs a computer and a 

common webcam. It is the perfect answer for poor nations 

where accessibility and affordability are crucial because to 

its straightforward setup and low computational 

requirement. 

Furthermore, the DDDS reduces human error, which is a 

major contributor to traffic accidents globally. It functions 

as an intelligent assistance to the driver rather than a 

substitute, enhancing driving awareness and encouraging 

safe driving practices by promptly sending out visual or 

audio alerts when drowsiness is detected. 

To improve overall road safety, the system can also be 

combined with cutting-edge car technology like adaptive 

cruise control, automated braking, and lane- departure 

warning. 

All things considered, the Driver Drowsiness Detection 

System is a useful advancement in intelligent transportation 

systems. In addition to improving driver and passenger 

safety, it also helps prevent traffic accidents, save lives, and 

promote the future development of safe and intelligent 

automobiles. 

PROBLEM STATEMENT 

One of the biggest problems in contemporary transportation 

is road accidents brought on by sleepy and fatigued drivers. 

Reduced focus, slowed reaction times, and occasionally 

total loss of control are frequently caused by long driving 

hours, boring routes, and inadequate sleep. Global traffic 

safety reports state that a significant portion of traffic 

accidents result from drivers dozing off or losing focus due 

to fatigue. This puts pedestrians and passengers at serious 

risk in addition to putting the driver's life at jeopardy. 

Currently, the majority of cars rely on drivers' manual 

awareness and self-control to prevent these kinds of 

accidents. But human alertness varies, and weariness can 

strike without warning. Conventional safety devices like 

airbags and seat belts only reduce damage after an accident 

has happened; they don't stop sleep-related crashes. A real-

time monitoring system that can continuously track the 

driver's condition and notify them before a catastrophic 

situation arises is therefore desperately needed.  

The lack of an effective, affordable, and real-time 

technology to precisely identify driver drowsiness and 

promptly notify the driver is the primary issue this study 

attempts to address. The objective is to create a system that 

tracks the driver's eye and mouth movements using image 

processing and facial landmark detection. The system 

should sound an alert to alert the driver as soon as it detects 

indicators of drowsiness, such as extended eye closing or 

yawning. This approach seeks to improve vehicle safety, 

lower the number of traffic accidents, and encourage 

cautious driving. 

OBJECTIVES OF THE STUDY 

This study's main goal is to create, develop, and assess an 

intelligent real-time system that can use facial landmark 

analysis to identify driver drowsiness. By continuously 
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observing the driver's facial expressions and warning them 

when they exhibit signs of fatigue or inattention, the 

technology aims to increase road safety. The particular 

goals are: 

1.8. Create a Drowsiness Detection System in Real 

Time: 

Create a reliable pipeline that uses a live video feed to 

continuously monitor the driver's mouth and eyes in order 

to detect exhaustion or sleepiness accurately and quickly.  

Apply the Mouth Aspect Ratio (MAR) and Eye Aspect 

Ratio (EAR): 

Use MAR to record yawning and mouth-opening behavior 

and EAR to record ocular closure and blink dynamics. To 

successfully differentiate between normal behavior and 

drowsy occurrences among various drivers, establish 

adaptive thresholds (or customizable baselines) and 

temporal windows. 

1.9. Send Out Alerts in Real Time: 

 

Incorporate a visual and/or aural alarm system that activates 

instantly when sleepiness indications surpass certain 

thresholds to help avert such mishaps. 

1.10. To Create an Economical and Non-Intrusive 

Model: 

Create the system employing open-source Python libraries 

like OpenCV, dlib, and NumPy to make it practical, 

lightweight, and reasonably priced for usage in all kinds of 

cars without bothering the driver. 

1.11. To Improve Traffic Safety and Lower Accident 

Rates: 

By offering an automated safety solution that encourages 

responsible and attentive driving behavior, you may help 

reduce the number of fatigue-related traffic incidents. 

WORKING PRINCIPLE 

In order to track a driver's level of alertness, the Driver 

Drowsiness Detection System integrates computer vision, 

real-time picture processing, and facial landmark analysis. 

The technology takes a picture of the driver's face using a 

camera, then utilizes algorithms to identify early indicators 

of exhaustion, such yawning or extended eye closure. The 

following essential elements and procedures comprise the 

system's working principle: Real-Time Video Capture and 

Face Detection: 

 

Using an in-car camera or webcam, the system continually 

records video frames of the driver's face. The OpenCV 

library is used to process the collected frames. The face 

region in every frame is found using dlib's face detector. 

This guarantees that even in different lighting conditions 

or head orientations, the system can reliably focus on the 

driver's facial region. 

1.12. Facial Landmark Detection: 

 

Using dlib's pre-trained shape predictor model, the system 

recognizes 68 facial landmarks, which are certain locations 

around the eyes, mouth, and nose. These landmarks aid in 

precisely measuring geometric connections that are 

essential for estimating weariness, such as the separation 

between the mouth opening and the eyelids. 

1.13. Calculating the Eye Aspect Ratio (EAR): 

 

The distances between vertical and horizontal eye 

landmarks are used to calculate the Eye Aspect Ratio 

(EAR). The EAR value is comparatively high while the 

eyes are open. The EAR drops when the eyes start to close. 

The system perceives drowsiness if the EAR consistently 

falls below a threshold (such as 0.25). 

(|𝑝2 − 𝑝6| + |𝑝3 − 𝑝5|) 
𝐸𝐴𝑅 = (2 ∗ |𝑝1 − 𝑝4|) 

Accurate eye closure detection at low processing cost is 

made possible by this straightforward and effective 

mathematical paradigm. 

1.14. Calculating the Mouth Aspect Ratio (MAR): 

 

In a similar vein, the Mouth Aspect Ratio (MAR) gauges 

the extent of mouth opening. A driver's MAR value rises 

when they yawn because their upper and lower lips are 

farther apart vertically. The technology detects yawning 

behavior when the MAR surpasses a certain threshold for 

a predetermined amount of time.  

𝑀𝐴𝑅 =  (|𝑝3 − 𝑝9| + |𝑝4 − 𝑝8| + |𝑝5 − 𝑝7|) (3 ∗ |𝑝1 − 𝑝11|) 

because eye and mouth dimensions differ from person to 

person. This improves accuracy for various users and 

lowers false alerts. his metric uses mouth movement 

analysis and yawning frequency to help the system identify 

early indicators of exhaustion. 

1.15. Decision-Making and Drowsiness Detection: 

 

For decision-making, the system integrates the outcomes of 

both EAR and MAR: Eyes closed (possible drowsiness) if 

EAR < threshold. Yawning is noticed if MAR > threshold. 

http://www.jetir.org/


© 2026 JETIR March 2026, Volume 13, Issue 3                                                        www.jetir.org (ISSN-2349-5162) 

JETIRHQ06097 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 601 
 

The system verifies drowsiness if either lasts for a few 

seconds. Python is used to develop this logic in order to 

continuously assess the driver's condition and avoid false 

alerts caused by casual facial movements or regular 

blinking. 

1.16. Alert Mechanism: 

 

Using Python modules like pygame, the system triggers an 

alert mechanism, such as a buzzer, alarm sound, or voice 

message, when drowsiness is detected. The signal helps 

avert possible collisions by promptly alerting the motorist to 

refocus or take a break. 

1.17. Continuous Monitoring and Adaptability: 

 

Real-time monitoring is done continuously. The technology 

adjusts to different camera angles and lighting conditions. 

Future iterations may incorporate IoT-based alerts or 

machine learning models (e.g., seat vibration, automatic 

braking, or sending notifications to emergency contacts). 

This guarantees dependable and constant driver monitoring 

during the trip. 

1.18. Threshold adjustment and system calibration: 

 

In order to modify EAR and MAR thresholds in accordance 

with the driver's typical facial expressions, the system has a 

calibration phase. Dynamic thresholds are established after 

examining the driver's 

typical  blinking  and  mouth  movement  patterns 
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Fig 1: Drowsiness Detection System Flowchart  
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Image dimensions 500*400 Pixels 

Total number of 
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48 
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EAR = 0.25 
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Yawn count initially Yawn count = 0 

Yawn count after 

driver yawning 

Yawn count > 0 

 

Table 1: EAR–MAR Threshold Parameters and Driver 

State Conditions 

 

Flowchart Explanation 

 

The flowchart shows the operational workflow of the 

suggested real-time driver monitoring system and shows 

how the complete detection pipeline operates sequentially. 

In order to enable face landmark identification and image 

processing, all necessary libraries, such as OpenCV, dlib, 

and NumPy, are loaded at the initialization stage. The 

camera is then turned on by the system to begin continuous 

frame acquisition at a predetermined frame rate.  

The system uses a pre-trained frontal face detector to detect 

faces in each video frame. Following the identification of 

the face region, the algorithm extracts a set of 68 facial 

landmark points that are used to calculate the Mouth Aspect 

Ratio (MAR) and the Eye Aspect Ratio (EAR). Even in 

situations with different lighting or partial occlusions, these 

landmark points guarantee precise localization of the lips 

and eyes. 

The EAR is calculated using the ratio of vertical to 

horizontal eye landmark distances in order to assess 

drowsiness. In contrast to a typical blink, a persistently low 

EAR value suggests that the driver's eyes are closed for a 

prolonged period of time. The system determines that the 

driver is showing signs of tiredness if the EAR stays below 

a predetermined threshold (EAR < 0.25) for n consecutive 

frames. In these situations, the alarm/buzzer is immediately 

triggered to get the driver's attention again, and a 

"DROWSINESS ALERT on the frame" is shown. 

In order to identify early indicators of driver weariness, the 

system simultaneously examines eye and mouth activity 

utilizing EAR and MAR readings. A "YAWNING 

ALERT" is triggered on the frame when a high MAR value 

(MAR > 0.75) shows mouth opening related to yawning, 

whereas a "DROWSINESS ALERT" and an alert are 

triggered when a low EAR value over successive frames 

indicates prolonged eye closure. The technology can 

identify yawning and tiredness separately or jointly 

because both measurements are assessed in real time. 

Every frame is monitored until the user hits the "q" key, at 

which point the webcam is released and the system shuts 

off. By minimizing inattention-related accidents, our dual-

analysis method improves driver safety by ensuring 

accurate and effective fatigue identification. 

 

CONCLUSIONS AND FUTURE SCOPE 

By examining facial characteristics like the Eye Aspect 

Ratio (EAR) and Mouth Aspect Ratio (MAR), the Driver 

Drowsiness Detection System offers a practical and non-

intrusive way to spot early indicators of driver weariness. 

The device can identify tiredness in real time and send out 

an alert to get the driver's attention back by continuously 

tracking eye closure and yawning habits. This strategy 

improves overall traffic safety and dramatically lowers the  

likelihood of fatigue-related collisions. The system is 

appropriate for both private and commercial cars because 

to its affordability, dependability, and simplicity.  

Advanced deep learning models that adjust to different 

facial structures, lighting, and camera angles can be used to 

improve the system in the future. Incorporating night-vision 

or infrared cameras can enhance performance in low-light 

situations, and extra features like physiological indicators 

and head-pose estimates can strengthen detection. 

Additionally, the device can be connected to intelligent car 

features like lane- keeping assistance or automated braking 

for safety automation. Additionally, fleet administration, 

trip analytics, and remote monitoring can be made possible 

by cloud or mobile-based connectivity, turning the system 

into a complete driver monitoring platform for next smart 

and autonomous cars. Additional ways to improve driver 

engagement include voice alerts and adaptive feedback 

systems. Future iterations might also facilitate cross-

platform deployment, allowing for smooth operation in 

vehicles such as cars, trucks, and public transportation.  
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