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      Abstract: The number of major road accidents that occur per 
day is on a rise and most of them are attributed to being the 
driver’s fault. According to the survey done in 2015, drivers are 
held responsible for approximately 78% of the accidents. To 
minimize the occurrence of these incidents a monitoring system 
that alerts the driver when he succumbs to sleep is proposed. This 
algorithm processes live video feed focused on the driver’s face 

and tracks his eye and mouth movements to detect eye closure 
and yawning rates. An alarm sounds if the driver is drowsy or 
already asleep. Haar-cascade classifiers run parallelly on the 
extracted facial features to detect eye closure and yawning. 

    Keywords: Drowsiness detection, eye closure detection, Haar- 
based classifier, yawn detection.  

I. INTRODUCTION 

One of the most predominant reasons that causes 
untimely deaths are road accidents. In the former case, the 
co-passenger would alert the driver of his/her lapse of 
attention and the driver would take measures to return to the 
required state of alertness. We witness many incidents in the 
news that report deaths and severe injuries caused by road 
accidents, mostly in the early morning period. A car hit 
another or careened in to the road blocks/boundaries.  But 
what if the driver is alone or is driving in the night where 
there is a chance that the fellow passengers are asleep. 
Driving under the influence of drowsiness is the root cause 
for over 100,000 road accidents every year [1]. This 
amounts to 2.2% death rate worldwide [2].  
Micro sleep [3] is a temporary lapse in consciousness that 
may last up to 30 seconds. This period results in a 
vulnerable driver as they are not able to respond to sensory 
input in a prompt manner. This may also significantly 
increase the reaction time. In terms of behaviour, this 
phenomenon can be observed in the form of eye lid closure, 
droopy eyes. This is extremely dangerous in situations that 
demand constant vigilance.  It is cited as a major factor in 
many road accidents [4]. Driving a vehicle is one such 
activity. As the person under the influence is unaware of 
his/her lapse, it must be monitored by an outside observer. 
This lapse does not stop the car from continuing in its high 
speed.  
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The danger is not only to the driver but also to the 
unsuspecting people on the roads.Owing to the prevalence 
of this issue, a lot of effort has been put into the research to 
solve this issue. These are broadly categorized depending on 
either the nature of the techniques used or the types of inputs 
used. Most of the existing methods to detect drowsiness are 
using machine learning techniques like classification, 
regression, clustering and filtering techniques. Currency 
evaluation and recognition [5], licence plate recognition [6] 
are some of the practical applications of these algorithms. 
The nature of the implemented algorithms leads to the 
techniques being either in the neural network category (i.e., 
deep learning) or computer vision-based classifier category. 

A. Physiological features-based method 

      This method is performed by analysing physiological 
signals like skin electric potential, heart and pulse rates, 
brain waves. Monitoring physiological reactions involves 
connecting the subject to devices by the means of wires. 
This can also be considered invasive to the person. A 
support vector machine based on genetic algorithm is used 
as a classifier on electrocardiogram signals in [7].  Driver’s 

stress level is analysed to monitor driving performance 
using the ECG and convolutional neural networks in [8].  

B. Visual features–based method 

      PERCLOS [9], short for percentage of eye closure is the 
measure of the area covered by the eye lids over time. It 
reflects slow eye closure rather than blinks. In [10] Viola 
Jones is used for eye detection and yawning detection which 
is followed by a binary support vector machine and 
correlation coefficient matching performs the tracking of 
eyes and yawning detection. In [11] an infrared camera is 
used to improve detection rates along with Haar- based 
classifiers and HoG to convert the support vector machine 
images to vector data. In [12] OpenFace and a 3D CNN are 
used for facial feature detection. This CNN is used to extract 
the facial expression features. In [13] AlexNet is used for 
face detection. Head pose is also considered in this 
algorithm which is analysed selected rigid landmarks. In 
[14] face detection is performed accomplished using MCT 
Adaboost classifier and an LBF regressor is used to improve 
accuracy in embedded systems.  

C. Driving behaviour–based method 

This method detects driver’s drowsiness by analysing 
parameters like vehicle speed, brake speed, lateral 
displacement, acceleration, steering angle. The use of 
intelligent algorithms in cars has increased in the recent 
years. 
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 These systems monitor both the car and its driver to control 
steering, brake, transmission, engine speed to improve the 
quality of driving and safety. These are implemented in the 
industrial scale by many car companies. The Driver Alert 
Control, developed by Volvo, warns drowsy drivers by 
connecting a using a vehicle-mounted camera to the car’s 
lane departure warning system (LDWS). Similar to this, 
Mercedes-Benz introduced an Attention Assist System 
which collects data from driver patterns and correlates with 
the steering movement. Bosch’s driver drowsiness detection 

system operates on making decision from the data given by 
sensors monitoring driving velocity, lane assist camera, turn 
signal use.The proposed algorithm analyses visual based 
features, specifically eyes and mouth to detect drowsiness. 
This choice is made due to the practicality of implementing 
a non-intrusive system unlike monitoring physiological 
reactions. As the individual task of monitoring sleep only 
leads to alerting the driver after the event has occurred, 
yawn detection is incorporated into our algorithm. Yawn 
detection provides preventive measures and can help in 
heading off the problem while we are still ahead. The 
proposed system involves raising two kinds of alarms. One 
in the case of sleeping and another in the case of debilitating 
drowsiness. The former state is characterized by a moment 
of shut eyes and the latter is identified by a prolonged state 
of yawning.  

II. PROPOSED ALGORITHM 

The proposed algorithm works in seven stages as 
described by Fig. 1. The video feed used in testing this 
technique is obtained from laptop webcam. 

A. Pre-processing 

The video is obtained from a camera focused on the 
driver’s face. The processing rate of the acquired video is 25 
frames per second.  These frames are then flipped and 
converted to grayscale.  

 
Fig. 1. Process flow of the proposed algorithm. 

 
 
 

B. Face detection 

The Haar-based classifier [15], [16] contains several 
features such as heights, weights, face features, the threshold 
of face colours. It is constructed by using a lot of positive 
and negative samples. Based on the positive sizes, some of 
the features will be extracted. Based on the Haar detection, 
edge detectors are applied. Output from the edge detector is 
stored in an array. The cascade consists both positive and 
negative samples.Eyes and mouth features are extracted and 
parallel processing is preceded by successful driver’s face 

detection. The pixels of the upper area of face are only 
considered as eyes are present there. The eyes are positioned 
just a few pixels below the top edge of the face.Edge 
detection is applied to the region marked in the previous 
step. Out of the detected objects, the object with the highest 
surface area and the second highest are obtained. These are 
the first and second positive samples given that they are 
twenty pixels apart and not the same. These are the eyes of 
our driver.  

C. Facial mapping using Dlib 

The algorithm is implemented using Dlib [17] python 
library that contains a landmark’s facial detector with pre 

trained models. It estimates and maps a person’s face in the 
form of facial points with 68 cartesian co-ordinates as 
shown in Fig.2. The 68-point iBUG 300 dataset was used to 
train the dlib facial landmark predictor and is the source of 
these markings. 

 

Fig. 2. Landmarks as depicted by dlib facial predictor. 

D. Eye closure detection 

Eye aspect ratio (EAR) [18],[19] is a parameter that 
determines eye state used to figure out if it is open or closed. 
It can be calculated using facial landmarks plotted by the 68 
facial landmark point plot provided by python’s dlib library. 

It uses the points in the region of interest to compute. 

  

                
               

        
                              (1) 

Equation (1) is used to calculate EAR value and l1, l2, l3, l4, 
l5, l6 are the boundary landmarks from the region marked to 
contain the eyes. A blink is detected when the calculated 
value is below 0.3. The threshold value set in this algorithm 
is 0.3. If this continues consecutively for 50 frames, eye 
closure is confirmed.  
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E. Yawn detection 

Yawning is characterized by a widely opened mouth. Like 
the eye closure detection, the facial landmarks are used to 
detect an open mouth [20]. The flowchart depicted in Fig. 3. 
describes the process of detecting the event of yawning from 
the instance a face is detected.  Lip distance is the parameter 
used to determine if the subject’s mouth is open. If the lip 
distance calculated from the frame is above lip distance 
threshold, the subject is determined to be yawning. An alarm 
is raised if the subject has yawned more than the set 
boundary value (10) consecutively. Small openings that in 
reality are construed as a result of talking, eating are 
ignored. 

 

Fig. 3. Flow chart describing the algorithm. 

III. EXPERIMENTAL RESULTS 

The subject is placed in front of the camera so that the face 
is in focus. The window displays the plotted landmarks, 
yawn count and a message of the subject’s state. An alarm is 

sounded when the yawn count exceeds the set boundary 
parameter. Alarm is also sounded if the eyes are found to be 
closed. The testing of this technique is carried out on 20 
subjects. In all cases except for 3, the facial features are 
accurately detected. The accuracy of the testing is calculated 
using (2). 

 

Fig. 4 Yawn detection. 
 

 
Fig. 5. Eye closure detection. 
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Fig. 6. Yawn detection with facial landmarks. 

             

 
                                         

                              
      

                                       (2) 

      When the subject is detected to have closed eyes as 
shown in the Fig. 5. and Fig 6., the message “You are 

drowsy is displayed” along with an alarm being activated. 
Fig. 4. depicts a subject yawning. The detection is 
acknowledged by messages “Subject is Yawning” and Yawn 
count value. In the case of Fig. 4., as the yawn count 
exceeds 10, an alerting alarm sound is also activated. Fig. 6. 
also depicts the successful detection of eyes where the 
subject is wearing spectacles. 

IV. CONCLUSION 

 The proposed algorithm detects drowsiness in a driver using 
eye closure and yawning as markers. The system is tested on 
a variety of subjects with limited number of testcases. It 
accurately detects faces and the required facial features in 85 
% of the cases. It is observed that accuracy of detection 
increases under better illumination conditions.  In all the 
cases of positive feature detection, drowsiness is promptly 
detected. Occlusions such as spectacles are no hindrance in 
eye closure detection. This could be extended to eliminate 
the difficulties posed by bad lighting conditions. 

REFERENCES 

1. G. Zhang, K. K. Yau, X. Zhang, and Y. Li, “Traffic accidents 
involving fatigue driving and their extent of casualties,” Accident 
Analysis & Prevention, vol. 87, pp. 34–42, 2016. 

2. Association for Safe International Road Travel (ASIRT). “Road-
Crash Statistics.” http://asirt.org/initiatives/informing-
roadusers/road-safetyfacts/road-crash-statistics, 2016. 

3. International Classification of Sleep Disorders and Coding 
Manual, "Archived copy" (PDF). Archived from the 
original (PDF) on 2011-07-26. Retrieved 2011-07-26., page 343. 

4. Paul, Amit, Linda Ng Boyle, Jon Tippin, Matthew Rizzo (2005). 
“Variability of driving performance during micro sleeps” (PDF). 

Proceedings of the Third International Driving Symposium on Human 
Factors in Driver Assessment, Training and Vehicle Design. 
Retrieved 2008-02-10. 

5. Kaza Deepthi Sudha, Pooja Kilaru, Manna Sheela Rani Chetty, 
Currency Note Verification and Denomination Recognition on Indian 
Currency System, International Journal of Recent Technology and 
Engineering (IJRTE) ISSN: 2277-3878, Volume-7, Issue-6S4, April 
2019. 

6. Ramya keerthi P, Niharika B, Dinesh Kumar G, Sai Venakat K, 
Sheela Rani C M, Reorganization of License Plate Characteristics 
Using Image Processing Techniques, International Journal of Recent 

Technology and Engineering (IJRTE) ISSN: 2277-3878, Volume-7, 
Issue-6, March 2019. 

7. Kwok Tai Chui, Kim Fung Tsang, Hao Ran Chi, Bingo Wing Kuen 
Ling, ung Kit Wu, An Accurate ECG-Based Transportation Safety 
Drowsiness Detection Scheme, IEEE TRANSACTIONS ON 
INDUSTRIAL INFORMATICS, VOL. 12, NO. 4, AUGUST 2016. 

8. Mohammad Naim Rastgoo, Bahareh Nakisa, Frederic Maire, 
Andry Rakotonirainy, Vinod Chandran, Automatic Driver Stress 
Level Classification Using Multimodal Deep Learning, Expert 

Systems with Applications (2019). doi: 
https://doi.org/10.1016/j.eswa.2019.07.010. 

9. D. Sommer, M. Gloz, Evaluation of PERCLOS based current fatigue 
monitoring technologies, IEEE. 

10. Manu B.N, Facial Features Monitoring for Real Time Drowsiness 
Detection, in 2016 12th International Conference on Innovations in 
Information Technology (IIT). 

11. Wisaroot Tipprasert, Theekapun Charoenpong, Chamaporn 
Chianrabutra, Chamaiporn Sukjamsri, A Method of Driver’s Eyes 

Closure and Yawning Detection for Drowsiness Analysis by Infrared 
Camera in 2019 First International Symposium on Instrumentation, 
Control, Artificial Intelligence, and Robotics (ICA-SYMP). 

12. Heming Yao, Wei Zhang, Rajesh Malhan, Jonathan Gryak, and 
KavyanNajarian.” Filter-Pruned 3D Convolutional Neural Network 
for drowsiness detection” 2018 40th Annual International Conference 
of the IEEE Engineering in Medicine and Biology Society (EMBC) 
2018. 

13. Kevan Yuen, Sujitha Martin and Mohan M. Trivedi, Looking at Faces 
in a Vehicle: A Deep CNN Based Approach and Evaluation, 2016 
IEEE 19th International Conference on Intelligent Transportation 
Systems (ITSC) Windsor Oceanico Hotel, Rio de Janeiro, Brazil, 
November 1-4, 2016. 

14. Jang WoonBaek, Byung-Gil Han, Kwang-Ju Kim, Yun-Su Chung, 
Soon-In Lee, Real-time Drowsiness Detection Algorithm for Driver 
State Monitoring Systems, 2018 Tenth International Conference on 
Ubiquitous and Future Networks (ICUFN). 

15. Viola, Jones, Rapid object detection using a boosted cascade of 
simple features, Computer cool Vision and Pattern Recognition, 2001. 

16. Li Cuimei, Qi Zhiliang, Jia Nan, Wu Jianhua, Human face detection 
algorithm via Haar cascade classifier combined with three additional 
classifiers, IEEE 2017. 

17. Davis E. King, Dlib-ml: A Machine Learning Toolkit, Journal of 
Machine Learning Research 10 (2009). 

18. A Rosebrock. (2017, Apr. 3). Facial landmarks with dlib, OpenCV, 
and Python [Online] 

19. T. Soukupova and J. Cech. (2016, Feb. 3) Real-Time Eye Blink 
Detection using Facial Landmarks. Center for Machine Perception, 
Department of Cybernetics Faculty of Electrical Engineering, Czech 
Technical University in Prague. Prague, Czech Republic. 

20. Hemadri V.B., Kulkarni U.P. (2013) Detection of Drowsiness 
Using Fusion of Yawning and Eyelid Movements, Unnikrishnan 
S., Surve S., Bhoir D. (eds) Advances in Computing, 
Communication, and Control. ICAC3 2013, Communications in 
Computer and Information Science, vol 361. Springer, Berlin, 
Heidelberg. 

 

AUTHORS PROFILE 
 

 
     
 B. Mohana Lakshmi Soumya is an under graduate 
student of Computer  
Science and Engineering at Koneru Lakshmaiah 
Educational Foundation, Vaddeswaram, Guntur 
district, India.  
    
 

     Dr Manna Sheela Rani Chetty is working as 
Professor in the Computer Science and Engineering 
department in Koneru Lakshmaiah Educational 
Foundation, Vaddeswaram, Guntur district, India. 
Her area of interest is Image Processing and she 
worked on Satellite images for her PhD Thesis. She 
is guiding scholars and students in the areas of 
Image Processing and Data Mining. 
 

  
       
 

https://web.archive.org/web/20110726034931/http:/www.esst.org/adds/ICSD.pdf
http://www.esst.org/adds/ICSD.pdf
http://www.esst.org/adds/ICSD.pdf
https://doi.org/10.1016/j.eswa.2019.07.010
https://ieeexplore.ieee.org/xpl/conhome/8417133/proceeding
https://ieeexplore.ieee.org/xpl/conhome/8417133/proceeding
http://www.merl.com/reports/docs/tr2004-043.pdf
http://www.merl.com/reports/docs/tr2004-043.pdf
https://en.wikipedia.org/wiki/Pattern_Recognition

