
ADV  MATH
SCI  JOURNAL

Advances in Mathematics: Scientific Journal 9 (2020), no.6, 3933–3938
ISSN: 1857-8365 (printed); 1857-8438 (electronic)
https://doi.org/10.37418/amsj.9.6.73 Spec Issiue on ICAML-2020

DRIVER DROWSINESS DETECTION TECHNIQUES: A REVIEW

MUSKAN KUMAR

ABSTRACT. Drowsy Driving is the chief cause for road accidents and bears a
significant relation to road safety. Around one quarter of all serious motorway
accidents are ascribable to sleepy drivers in need of rest, which implies that
drowsiness causes more road accidents than drunk-driving. It occurs when a
person driving a motor vehicle is too tired to remain alert and eventually falls
asleep behind the wheel due to slow reaction time, reduced vigilance and debil-
itated thinking. This paper presents an extensive review of the state of the art
techniques, research and development as well as advances in the field of drowsi-
ness detection. This paper classifies and compares the existing techniques into
three categories: Behavioral based techniques, Vehicular based techniques and
Physiological parameters-based techniques.

1. INTRODUCTION

Fatigue has always taken a toll on the safety, health, and quality of life. Lack
of alertness, generated by the unconscious transition from wakefulness to sleep,
leads to several serious road accidents crashes. Hence, the use of aiding systems
that examine a driver’s level of vigilance is necessary to avoid road accidents. In
simple words, Driver drowsiness detection is a car safety technology which pre-
vents accidents when the driver is getting drowsy. These systems continuously
analyze the drivers’ attention level and alert the driver before the arrival of any
fatal threat to life.
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2. FACTORS CAUSING DROWSINESS

Drowsy Driving is one of the pressing issues in the research field. The harbingers
of driver fatigue are driving hastily, yawning, feeling stiff, heavy eyes and react-
ing unsteadily. It is often caused by four main factors namely Sleepiness, Work,
Time, and other Physical Factors. Torpor is induced by persistent working hours,
medication side-effects or certain sleep disorders. This lack of sleep piles up and
the person ends up sleeping. Time of the day affects the way our brain func-
tions. When tumultuous timetables are extended the person eventually dozes
off. A person’s physical condition also plays a major role in determining whether
a person is bound to be drowsy or not.

3. DROWSINESS DETECTION TECHNIQUES

Various drowsiness detection techniques (DDT) are mentioned in this section
along with their pros and cons. These methods are generally classified into three
main categories:

(A) Behavioral based Drowsiness Detection Methods;
(B) Vehicular based Drowsiness Detection Methods;
(C) Physiological based Drowsiness Detection Methods.

3.1. Behavioral Based Drowsiness Detection Methods. Behavioral parame-
ters are non-invasive measures of drowsiness detection. These techniques cal-
culate drivers’ fatigue based on driver’s behavioral parameters such as eye aspect
ratio (EAR), eye blinking, facial expressions, etc. Yawning based detection is an-
other time of image processing technique that helps to determine the variations
in the geometric shape of the mouth of drowsy driver. Following behavioral
methods are used for calculating the driver’s drowsiness:

3.1.1. Facial Expressions Method. The authors of [1], deciphered a hardware-
based Drowsiness Detection system derived from facial expressions which is an
important application for machine vision. This technique is a derivative of the
Finite Element Analysis used by researchers which contains a complex system
that holds the record of facial expression and detects the drowsiness on the basis
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of the results from the saved record. Facial expressions are obtained by using
horizontal projection and matching the dynamic template from the record.

3.1.2. Yawning Extraction and Analysis. The authors of [2], proposed a DDT
based on mouth and yawning analysis. The system identifies the driver’s mouth
using cascade of classifiers and performs mouth detection from the predictor
images. The classifier that was used to train these images was the Support
Vector Machine so that it could carry out a binary or a multiclass classification
and alert the driver. The authors collected some videos for this experiment and
selected twenty images of a yawning person and over hundred normal videos.

3.1.3. Eye Tracking System. The authors of [3], put forward a system known as
Percent of Eye Closure (PERCLOS) in order to track the eye. A top down model
is used to identify the face and the eyes with a web camera connected to a GUI
software on a laptop. The system continues to take the images from the webcam
until the face is located. The eye region is extracted using Viola-Jones algorithm
along with Adaptive Boosting (Ada-Boost). In this method, the fatigue level of
the driver S is calculated as S = H

L
, where H corresponds to the height and L

is the length of drivers’ eye. Each frame of input video is arranged using the
measured value of S. When the level of drowsiness approaches 0.15 which is
severe, the system turns on the alarm to wary the driver.

3.1.4. Eye Blink Detection and Monitoring Method. The authors of [4], devised
a DDT based on non-intrusive machine-based concepts. The system’s hardware
consists of a web camera for recording the facial expressions and head move-
ments mounted in front of the driver. Viola-Jones algorithm and Haar Cascade
classifier is used to detect the face and extract features like eyes and mouth.
The indication of drowsiness in this method is given by eyes blinking that varies
from 12 to 19 blinks per minute normally. If the frequency level is lesser than
the required range, then drowsiness is implied. If the eye is closed, the value of
the attribute is zero, otherwise the value of the attribute is a non-zero number
in case of open or partially opened eyes. This system showed an efficiency of
90%.

3.2. Vehicular Based Drowsiness Detection Methods. Vehicular based meth-
ods for Drowsiness Detection are those methods that detect driver fatigue based
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on various vehicular metrics such as lane changing patterns, accelerator move-
ment, vehicle speed variability, angle of steering wheel, grip force and so on.
These techniques endeavor to observe and record the driving patterns and de-
tect plummeting driving performance due to tiredness. We cannot do much
for measuring driver fatigue, in accordance to the vehicle movement because
these measurement values are subjected to change by external factors such as
the state of the road and weather conditions, [7]. The methods for various
Vehicular Techniques are described below:

3.2.1. Real Time Lane Detection System. The authors of [5], described a method
for drowsiness detection which works in low lightning conditions. The system
works in two phases: In the first phase, the system detects lane based on Hough
transform. In the second phase, the system detects the driver’s eyes and face
using Viola Jones Algorithm. To process the images, Segmentation is done fol-
lowing which Otsu’s Threshold method is carried out.

3.2.2. Time Series Analysis of Steering Wheel Angular Velocity. The authors of
[6], worked on a fatigue detection method using time series analysis of steer-
ing wheel angular velocity of the car. The behavior of the steering wheel and
a detection window is made into used as the detection feature to compute the
angular velocity of steering wheel so that it can be used for the time series anal-
ysis. The proposed method outperforms the previous methods and proves to be
very advantageous in real world setting. [7] also came up with a real-time on-
line detection to monitor the fatigue level of drivers under real conditions using
Steering Wheel Angles (SWA). This system showed an accuracy of 78.01%.

3.3. Physiological Parameters Based Drowsiness Detection Methods. The
Physiological Parameters based Drowsiness methods are those which are used
to detect drowsiness based on drivers’ physical conditions and environmental
conditions such as heart rate, body temperature, pulse rate, rate of response
etc. Following are the Physiological based DDT Methods:

3.3.1. EEG-Based Driver Fatigue Detection. EEG stands for Electroencephalogram.
For this system, the driver has to wear an electrode helmet while he is behind the
wheel, [9]. The proposed method uses FastICA algorithm to find the drowsiness
index. Dataset for simulated car driver under the various levels of drowsiness
was collected locally for evaluation of this method. It had two states sober and
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drowsy. This method can be used to detect the drowsiness from all kinds of
setting.

3.3.2. Pulse Sensor Method. The authors of [10], presented a study to detect
drowsy drivers using infrared heart-rate pulse sensors which measure the heart
pulse rate from drivers’ wrist. The sensor determines the amount of blood flow-
ing through the hand and oxygen measured causes the infrared light to reflect
off to the transmitter. Arduino is used as a microcontroller which receives the
fluctuation of oxygen sent by the sensor. The heart pulse rate is visualized by
the software processing of HRV frequency. It was observed that low to high
frequency ratio decreases as drivers go from the state of being awake to the
drowsy.

4. COMPARASION OF VARIOUS DROWSINESS DETECTION METHODS

Every drowsiness detection method has a disadvantage as well as an advan-
tage. Table 1. presents comparative study of these DDT, [8].

TABLE 1. Comparison of Various Drowsiness Detection Methods

TECHNIQUE PARAMETERS PROS CONS

Behavioral
Parameters-
based DDT

Eye blinking, Eye
closeness ratio, Head
movement, Yawning

Non- intru-
sive, Easy
to use

Effected by illumi-
nation, lightening
conditions

Vehicle
Parameters-
based DDT

Steering wheel, lane
changing pattern

Non- intru-
sive

Effected by geomet-
ric characteristic of
roads, Unreliable

Physiological
Parameters-
based DDT

Heart Rate, Pulse
Rate, Brain Activity

Effective,
Realiable

Intrusive

5. CONCLUSION

As highlighted this paper, various advancements exist to identify driver ex-
haustion. This paper tries to elucidate the developing advances and determine
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the ideal methodologies in attempting to save drivers from lethal attacks. Vari-
ous techniques have been proposed by researchers from time to time which use
different kinds of input. However, these techniques are constrained to a great
degree and are not exceptionally compelling. The present market and inno-
vations is in its embryonic mode. New innovations keep developing utilizing
numerous new and efficient procedures.
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