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Abstract— Injuries in road accidents are globally recognized 

as a major public health problem.  Road accidents are one of 

the largest causes of deaths, disabilities and hospitalization.  

Distracted drivers are prone to severe car accidents.  

Distraction can be caused by driving under the influence of 

alcohol, exhaustion due to continuous driving etc.  This paper 

proposes a vision-based system to monitor driver’s eyes and 

to detect driver drowsiness in real-time.  If the driver appears 

to be heavy-eyed, an alarm is played to alert the driver.  As 

an additional feature when the driver is found to be drowsy, 

the system will send a message to the IoT server informing 

about drivers’ status. Our system attained above 85% 

accuracy for all tested scenarios. 
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I. INTRODUCTION 

The increasing number of traffic accidents in India due to a 

reduced driver’s alertness level has become a serious threat 

to society.  Statistics show that between 10% and 20% of all 

the traffic accidents are due to drivers with a diminished 

alertness level.  For this reason, requirements of systems 

which can keep an eye on driver’s level of vigilance and 

alerting the driver, when he/she is not paying sufficient 

attention to the road, is necessary to prevent accidents.   

In the last few years many researchers have been 

working on the development of these kinds of systems using 

various methods and techniques.  The most factual techniques 

are based on physiological measures like heart rate, brain 

waves, pulse rate, respiration, etc.  The techniques are 

impractical, since they need to attach some electrodes on the 

driver’s body, causing annoyance to them.  But it is easily 

observable that people in fatigue show some visual behaviors 

such as changes in their facial features like eyes, face and 

head position.  Such changes in facial features can be 

recognized by using image processing techniques and this 

data can be used for monitoring driver’s level of vigilance.  

Image processing and computer vision can be used in several 

ways for this purpose.  So, in this paper we have implemented 

one such way by detecting the drowsiness of driver.   

This paper describes a real-time prototype computer 

vision system for monitoring driver alertness using position 

of eye lids.  Passive vision techniques cannot be used because 

their functioning can cause problems in poor and very bright 

light conditions.  So they don’t work at night when 

monitoring is most important.  Thus, the use of active 

illumination based on infrared LED (called as IR 

illumination) is required for the system to work at nights.  

And also, this technique is best for monitoring continuously 

for 24 hours in real conditions and in very accurate way.   

II. LITERATURE REVIEW 

C. Boke, A. Shetty, A. Kadam, S. Jadhav, S. Pakhmode and 

S. Parahate (2016) designed a smart band which uses the 

principle of pulse oximetry detect heart-rate.  The operation 

of pulse oximetry is based on measuring of red and infra-red 

light that passes through the wrist.  During a heartbeat, 

volume of blood increases and absorption of Infra-Red 

wavelength by oxy-hemoglobin (Oxygen transporting 

Hemoglobin) and red-wavelength by deoxy-hemoglobin 

(Hemoglobin without Oxygen) is detected by smart band.  

Heart-rate is computed from the data obtained by photo-

detector.  During first sleep cycle, human body is relaxed and 

the heart rate decreases.  By detecting and comparing heart 

rate, driver’s drowsiness is detected and alarm is raised.  [2] 

K. Shabna and N. Thomas (2015) discussed a 

technique to detect drowsiness using EEG.  Tiny electrical 

signals are produced by brain cells when they pass message 

to each other.  Electrodes which are placed on brain scalp of 

subject (person) will pick up these signals and send them to 

machine called as Electroencephalograph (EEG).  EEG will 

record the signals as waves or wavy lines on to display or 

paper.  This pattern of electric activity produced on EEG can 

be used for various applications like sleep detection, 

drowsiness detection and sleep disorders.  [3] 

C. Bourdin, A. Stratulat, E. DiazbJean and L. 

Verchera  (2017), they explored a way to test drivers alertness 

with the help of neural networks in machine learning.  Neural 

networks represent an attempt to mimic the biological 

nervous system with respect to both architecture as well as 

information processing strategies.  The network consists of 

simple processing elements that are interconnected via 

weights.  The network is first trained using an appropriate 

learning algorithm for the estimation of interconnection 

weights.  Once the network is trained, unknown test signals 

can be classified.  The class of neural networks used most 

often for classification tasks is the multilayer perceptron 

network.  Neural networks have been used with considerable 

success in the classification of eddy current and ultrasonic 

NDE signals.  [5] 

D. Haupt, P. Honzik, P. Raso and O. Hyncica 

discussed a different approach of using an angle sensor to 

detect drivers exhaustion.  An angle sensor is mounted on the 

steering column and the driver’s steering behavior is 

measured.  When drowsy, the number of micro-corrections 

on the steering wheel reduces compared to normal driving.  

Authors found that sleep deprived drivers made fewer 

steering wheel reversals than normal drivers.  To eliminate 

the effect of lane changes, the researchers considered only 

which are needed to adjust the lateral position within the lane.  

[4] 
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J. Son and M. Park (2016), they have discussed lane 

monitoring as way of determining whether the driver is 

vigilant or not.  Standard deviation of lane position (SDLP) 

and steering wheel reversal rate (SRR) are the two parameters 

which are used for detecting visual and cognitive distraction 

in drivers.  The SRR was calculated by counting the number 

of steering wheel reversal from the low pass filtered steering 

wheel angle per minute.  The SDLP was calculated from 

lateral position based on the AIDE report (a dataset provided 

by AIDE about the deviation in lane position).  [7] 

I. Garcia, S. Bronte, L. M. Bergasa, H. Hernandez 

and M. Sevillano (2010) designed a system to detect 

drowsiness by monitoring eyes with the help of a camera.  An 

IR stereo camera is placed in front of the driver in order to 

obtain PERCLOS (Percentage of Eye Closure), a drowsiness 

parameter in real time.  Then using Computer Vision 

techniques three main stages are derived.  First stage includes 

face characterization.  The final stage executes the PERCLOS 

estimation and depending on the eyes closing rate for a 

duration of time interval the system will generate results.  [6] 

 After reviewing the above studies, the drowsiness 

detection by visual means appears to be more efficient than 

the other techniques reviewed.  So, the objective of this 

system is to design a driver drowsiness detection system 

using a camera. 

III. SYSTEM DESIGN 

Fig. 2 represents the working of proposed system.  An image 

frame captured by Pi camera from the video stream is 

forwarded to the python script by using functions from 

OpenCV library.  With the help of Haar cascade classifier, the 

face is detected from the captured frame.  The Haar classifier 

yields following parameters: coordinates of the seed point, 

width of face and height of face (x,y,w,h).  A rectangle can 

be drawn around the face detected using above parameters.  

This rectangle is our region of interest (RoI).   

After the face is detected, HOG feature descriptor 

comes into play.  The HOG descriptor identifies 68 facial 

landmarks inside the RoI.  It generates an array comprising of 

all the facial landmarks.  From the above 68 landmarks,  

6 landmarks are identified for each eye (shown in Fig. 1) and 

these are stored in 2 separate arrays.   

 
Fig. 1: Eye Landmarks identified by HOG feature descriptor 

The Eye Aspect Ratio (EAR) is computed for each 

eye using their respective landmarks.  EAR is the ratio of sum 

of distances between the vertical landmarks and the distance 

between the horizontal eye landmarks.  The EAR is computed 

for each frame that is captured by the camera.  Now this 

computed EAR is compared with the preset threshold value 

for every frame.  If EAR is found to be less than threshold 

value for predefined consecutive number of frames, the alarm 

is raised, else the above algorithm is repeated.   

A. OpenCV 

OpenCV is an open source computer vision library.  The 

library is written in C and C++ and runs under Linux, 

Windows and Mac OS X.  The open source licenses for 

OpenCV have been structured such that you can built a 

commercial product using all or part of OpenCV.  It was 

designed for real time application.  OpenCV’s library 

contains over 500 functions that operate over many areas in 

computer vision including factory product inspection, 

medical imaging, security, camera calibration and many 

more.  Computer Vision is the transform of data from a still 

or video camera into either a decision or a new representation.  

[1]  

 
Fig. 2: Working of Proposed System 
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B. Haar Cascade Classifier 

Haar cascade is a machine learning object detection algorithm 

proposed by Paul Viola and Michael Jones in 2001.  It is used 

to identify objects in an image or video, based on an approach 

where a cascade function is trained from a lot of positive and 

negative images.  We have used haar cascade for face 

detection.  So, in this case the positive images comprise of 

images with faces and negative images comprise of images 

without faces.  A lot of these positive and negative images are 

required for training the classifier.  Now to extract features 

from these images, the haar features (shown in Fig. 3) are 

used.  [8] 

 
Fig. 3: Haar Features 

Each feature is a single value obtained by 

subtracting sum of pixels under the white portion from sum 

of pixels under the black portion.  For each feature calculation 

the above process is repeated.  This results in huge number of 

calculations and computations, also most of these features are 

irrelevant.  For example, the edge features and line features 

when applied to the region of the eyes would yield good 

results, but when the same window is applied to the region of 

cheeks or any other part of the face is inappropriate.   

Thus, applying all the features to all the regions of a 

face simultaneously is taking a lot of time and is not preferred.  

This problem is solved by grouping the features into different 

stages of classifiers and applying these one-by-ones.  if a 

window fails the first stage then it won’t be considered for the 

remaining stages and is discarded.  Thus, the process of 

detection of face becomes faster using Haar cascade classifier 

(shown in fig. 4).   

 
Fig. 4: Cascade Face Classifier 

C. Histogram of Oriented Gradients (HOG) 

HOG is one of the types of feature descriptors.  A feature 

descriptor is a representation of an image which is obtained 

by extracting useful information and getting rid of redundant 

information.  A feature descriptor converts an image into a 

feature vector/array.   

In HOG, histograms of directions of oriented 

gradients are used as features.  Horizontal and vertical 

gradients are calculated for each pixel.  A lot of redundant 

information is removed and edges are highlighted in the 

gradient image (shown in Fig. 6).  Each gradient has a 

magnitude and a direction.   

The image is then divided into 8x8 cells and 

histogram of gradients is calculated for each cell.  This 

histogram is an array of 9-bins corresponding to angles 00, 

200, 300,…., 1600.  The contributions of all pixels in a cell are 

distributed to create a histogram containing 9 bins.   

To calculate HOG, the above histograms are 

normalized.  It is efficiently done by normalizing over a 

16x16 block instead of earlier 8x8 cell.  Four histograms of 

gradients are obtained from a single 16x16 block.  These 

histograms of 9-bins can be concatenated to form a 36x1 

vector and the process is repeated for the entire image.   

Thus, all the 36x1 vectors obtained from the image 

are concatenated to form one big feature vector.  The feature 

vector produced is fed into image classification algorithm like 

Support Vector Machine (SVM) to detect desired objects.  

[10]   

 
Fig. 5: Image given as input to HOG feature descriptor 

 
Fig. 6: Gradient Image generated by HOG feature descriptor 

IV. SYSTEM IMPLEMENTATION 

A Pi camera is attached to the dashboard of the vehicle such 

that the camera faces the driver.  The camera is connected to 

the raspberry pi.  Raspberry pi is used to process the image 

frames and perform further operations on the image.  The 

power supply to the raspberry pi is given by the mobile 
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charging socket adapter in the vehicle.  The audio output is 

given by connecting raspberry pi to the vehicle’s stereo 

system via an AUX cable.   

 
Fig. 7: Block Representation of Proposed System 

A. Raspberry Pi 3 Model B+ 

The Raspberry Pi 3 Model B+ is the latest product in 

Raspberry Pi 3 range, boasting a 64-bit quadcore processor 

running at 1.4 GHz, dual band 2.4 GHz and 5 GHz wireless 

LAN, Bluetooth 4.2 / BLE, faster Ethernet and 40 GPIO 

(General Purpose Input Output) pins.  It hosts a Broadcom 

BCM2837B0 processor containing Cortex-A53 (ARMv8) 

cores.  It includes a 1GB LPDDR2 SDRAM on board.  It has 

a CSI port for connecting a Pi Camera.  It runs on 5V/2.5A 

DC power input 

B. Pi Camera 

Pi Camera can be used to take high definition videos as well 

as still images.  It has a 5 mega pixel fixed focus sensor that 

supports resolution of 1080p30, 720p60 and VGA90.  It 

supports full resolution still images up to 2592x1944.  

Installation of Pi Camera involves connecting the ribbon 

cable to the CSI connector on the Pi board.   

 
Fig. 8: The Proposed System 

V. RESULT 

Fig. 9, shows the eyes being detected by the system and the 

Eye Aspect Ratio (EAR) value is displayed on the top-left 

corner of the frame.  In Fig. 10, since the EAR was below the 

threshold value (0.32) for certain consecutive number of 

frames, “DROWSINESS ALERT” was displayed on the 

screen and alarm was raised through vehicle’s stereo system.  

 
Fig. 9: Eye Detection and Computation of EAR 

 
Fig. 10: Drowsiness Alert Being Raised When the Driver Is 

Found To Be Drowsy 

VI. CONCLUSION 

It is concluded that the proposed system is capable of 

detecting whether the driver is distracted due to fatigue or 

alcohol inebriation.  For every 100 test scenarios, the 

proposed system is able to detect the driver’s drowsiness 

successfully for more than 85 times.  Our system is user 

friendly as it does not involve any physical contact with the 

driver.  The developed system is portable and easy to install 

as it requires no prior technical knowledge.  It has the 

potential to reduce the number of accidents which are caused 

due to distracted driving.  With the help of IoT, the users who 

rent their vehicles will be alerted if the driver appears to be 

drowsy while driving.  Although the system produced good 

results, there is scope for further improvements.   
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