
Bulletin of Electrical Engineering and Informatics 

Vol. 11, No. 3, June 2022, pp. 1489~1496 

ISSN: 2302-9285, DOI: 10.11591/eei.v11i3.3098      1489  

 

Journal homepage: http://beei.org 

A survey on driver drowsiness detection using physiological, 

vehicular, and behavioral approaches 
 

 

Mustafa Kamel Gatea1, Sadik Kamel Gharghan1, Raed Khalid Ibrahim2, Adnan Hussein Ali3 

1Department of Medical Instrumentation Techniques Engineering, Electrical Engineering Technical College, Middle Technical 
University, Baghdad, Iraq 

2Department of Medical Instruments Engineering Techniques, Al-Farahidi University, Baghdad, Iraq 
3Institute of Technology, Middle Technical University, Baghdad, Iraq 

 

 

Article Info  ABSTRACT 

Article history: 

Received Jun 4, 2021 

Revised Jan 6, 2022 

Accepted Apr 3, 2022 

 

 Drowsiness is a significant reason for street mishaps and has huge 

ramifications for driver safety. A few lethal mishaps can be prohibited if the 

sleepy drivers are cautioned in time. There are a number of tiredness 

identification strategies that screen the drivers’ languor state while driving 

and caution unfocused drivers. Highlights may be gathered from outward 

appearances (e.g., yawning and eyes and head movement) to determine the 

degree of laziness. This paper presents a holistic investigation of current 

strategies for driver laziness discovery and gives an exploration of widely-

used characterization procedures. We begin by organizing the current 

procedures into three categories: behavior, vehicular, and physiological 

boundaries-based procedures. Then, we survey top directed learning 

methods utilized for laziness discovery. Next, we examine the advantages 

and disadvantages of the various techniques. A similar examination 

indicated that none of these strategies is entirely precise. However, 

physiological boundaries-based procedures produce more exact outcomes 

than other types of procedures. Their non-intrusive nature may be decreased 

through utilizing remote sensors on various elements including the driver’s 

body, driver’s seat, seat covers, and steering wheel. 
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1. INTRODUCTION 

The Laziness or weariness is one of the essential factors that bargains driver wellbeing and causes 

genuine injuries, deaths, and other misfortunes. Increased sleepiness deteriorates the quality of driving. The 

absence of sharpness, produced by the oblivious change from a state of alertness to a state of rest, prompts 

several mishaps [1]. The U.S. Public highway traffic safety administration (NHTSA) reports that sluggish 

driving brought about very nearly 100,000 mishaps and more than 1,500 passings every year [2]. A driver’s 

weariness can stem from a number of causes, including lack of rest, stress, anxiety, and alcohol consumption. 

Each of these can result in disaster. These days, road rage is a product of the past, which weighs heavily on 

drivers. Consequently, the previous transportation framework is insufficient to deal with these risks. That 

said, it is possible to prevent some destructive incidents by installing the programmed exhaustion discovery 

frameworks into vehicles [3]. The tiredness recognition framework examines a driver’s consideration level 

and warns of potential dangers. Due to the risks posed by exhaustion, scientists have created different 

https://creativecommons.org/licenses/by-sa/4.0/
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strategies to identify driver sleepiness. Each of these strategies has benefits and constraints [4]. To conduct an 

important survey of drowsiness detection techniques (DDT) and relevant grouping strategies, we construct 

search strings to assemble significant data. The influence of unexpected elements like road geometry, high 

processing speed with traffic, as well as head movement, has a negative impact on the performance of vehicle 

dynamics- based drowsiness detection systems. This paper is partitioned into six principle areas. Section 2 

focuses on the grouping strategy to drowsiness detection; section 3 depicts the exploration approach for 

delivering a viable investigation of sleepiness procedures and assesses chosen papers; section 4 contains a 

point by point survey of sluggishness recognition strategies in artificial intelligent techniques; section 5 

investigates the difficulties and impediments; and section 6 fills in as the finish of this examination. 

physiological boundaries-based procedures provide more exact outcomes than types of procedures. Their 

non-rudeness can be decreased utilizing remote sensors at driver’s body, driving and covers seats, steering 

wheel, and so forth. 

 

 

2. CLASSIFICATION OF DROWSINESS DETECTION  

Several respiratory monitoring technologies for sleepiness detection have been established in recent 

years. Using respiratory signals captured by high-dynamic cameras and a pulse oximeter, a driver sleepiness 

detection system was presented. Tiredness discovery techniques are commonly arranged into three principle 

classifications: (i) physiological parameters-based method, (ii) vehicular parameters-based techniques, and 

(iii) behavioral approach boundaries based methods. Figure 1 outlines the fundamental design of laziness 

location strategies. 
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Figure 1. Architecture of drowsiness detection technique 

 

 

3. RELATED WORKS 

The related works for driver drowsiness detection can be investigated based on the three following 

methods:  

 

3.1.  Related works based on physiological parameters  

Systems that used physiological signals, is from the other hand, provided precise findings, allowing 

them a dependable strategy to apply in the actual world. In driver drowsiness detection systems, 

physiological indicators such as electroencephalography (EEG), inhalation rate, electrooculography (EOG), 

electromyography (EMG) and electrocardiography (ECG) are usually highlighted. Furthermore, because 

most of these data are obtained by intrusive sensors, they are difficult to integrate and use in real-world 
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settings. The accompanying works are grouped dependent on the kind of physiological sensor for driver 

sluggishness discovery. Gang and Young [5] designed the EEG signal. This mirrors cerebrum practices and 

is all the more legitimately connected with drowsiness. This assessment proposes setting a careful BMI 

structure, which is required to recognize driver languor in its starting stage by propelling 

electroencephalogram information with the intensity of cerebrum movement. The proposed structure is 

gotten ready for low-power use with on-chip highlight abstraction in addition to low energy Bluetooth 

connotation. The proposing system is executed through utilizing the JAVA programming language by way of 

an adaptable application for online assessment. The proposed framework got a general revelation precision of 

82.71% for mentioning alert and impalpably moderate functions by utilizing electroencephalogram 

information lonely and 96.24% by utilizing a half breed information of emotional wellness and 

electroencephalogram. These results show that a mix of EEG data and head-improvement consistent 

information focuses to the beginning stage of driver drowsiness. 

Most auto collisions are caused by a driver’s carelessness; the driver was lethargic and thus couldn’t 

control the vehicle, therefore its important to have a tool that can identify drowsiness and preemptively 

caution the driver to avoid accidents. The advancement of this sluggishness discovery framework utilizes the 

heartbeat as an information basis to be recovered with a photoplethysmography sensor. Then the framework 

groups and controls the sleepiness driver’s level established on his or her pulse. Such framework utilizes 

Arduino Nano and Odriod XU4 by means of preparing unit and contains LCD to show the yield. A created 

framework has an achievement rate of up to 96.52%. They have helped demonstrate that an individual’s rest 

condition will influence pulse [6]. 

Jongseong et al., [7] zeroed in the early identification of driving languor, and they endeavored to 

characterize aware and marginally languid statuses with machine-learning algorithm founded with hybrid 

processes of driving execution, conduct highlights, and with physiologically records. The datasets containing 

ten sections of information were made by half and half estimates recorded through a DS try. The arrangement 

of caution and marginally lazy states was finished utilizing a few AI calculations. The outcomes confirmation 

the RF calculation can get 78.7% exactness when characterizing alert versus marginally sluggish states using 

crossover gauges and barring physiological procedures. Such outcomes exhibit the practicality of early 

identification of the driver's somewhat lazy state with high precision dependent on mixture estimates utilizing 

wireless sensors. 

Tired driving forces a high danger. Ebb and flow frameworks frequently utilize driving conduct 

boundaries for driver languor discovery. This work adds to driving laziness location with an AI methodology 

applying exclusively for physiological information grouped with a non-nosy re-trofittable framework by 

means of a wearable sensor arm band. For checking exactness and plausibility, we contrast outcomes in 

addition to the information of references from a clinical assessment of ECG gadget. The user concentrates 

with 30 followers with high-devotion driving investigation system were directed, and some AI calculations 

for double arrangement had been applied in client deprived and free tests. An outcomes give proof that the 

non-meddling setting accomplishes a comparative exactness to that of the clinical evaluation gadget, and 

shows that high correctnesses (>92%) can be accomplished, particularly in a client subordinate situation. The 

proposed approach offers additional opportunities for human–machine association in vehicles, especially for 

driver state checking in the field of computerized driving [8]. 

Sleepiness or exhaustion is a significant reason for accidents on the road and has critical 

ramifications for road security. The significant highlights can be gathered from outward appearances (e.g., 

yawning, eyes and head movement) for deriving the degree of sleepiness. To improve the presentation of 

discovery, we utilize a proposed cross breed strategy that coordinates the highlights of electroencephalogram 

and ECG t-tests. This can distinguish between the sleepy and alarm. The highlights removed from 

electroencephalogram and ECG are coordinated to consider upgrades in the presentation utilizing SVM. The 

proposed strategy demonstrates that joining electrocardiogram and EEG develops the framework 

demonstration in extrication the tired and ready statuses, instead of employing them unaccompanied. The 

channel exploration reduction confirms that an exactitude level increases to 80% by basically associating the 

electrocardiogram and EEG [9]. 

Explore a profound learning-based driver languor discovery for mind PC interface utilizing useful 

close infrared spectroscopy (FNIRS). Profound neural associations (DNN) were investigated to recognize the 

apathetic and prepared states. For planning and model testing, the convolutional neural organizations (CNN) 

had been utilized on concealing guide pictures to decide the most fitting stations for mind development 

revelation in period windows from 0–1, to 0–10-second. The normal degrees of precision using DNN starting 

the benefit dorsolateral prefrontal cortex had assembled. The CNN designing achieved a typical precision of 

99.3%, demonstrating the model fit for isolating the photos of drowsy and non-tired statuses. The suggested 

method considered encouraging for distinguishing apathy and for getting to the cerebrum region for a 

dormant BCI [10]. 
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Kurian et al. [11] proposed a novel strategy for identifying laziness by utilizing an effective PPG 

signal. This was heavily influenced by the movement of ancient rarities, and wavelet-based strategies are 

utilized for denoising. The significant use of this calculation will be in laborers security devices, like a watch 

or glove, which can recognize the languid specialist for overnight working movements. This can also be 

applied to sleepy driver location to prevent accidents on the road. In future PPG strategy can likewise be 

utilized as an apparatus for identifying rest and rest stages for different clinical applications. The pinnacles 

are recognized with 100% accuracy. Despite the fact that there is vagueness in choosing the source of 

laziness, a sleepiness period can be effectively identified. Table 1 summarizes the performance of the 

physiological parameters-based drowsiness detection systems. 
 

 

Table 1. Physiological boundaries based sluggishness detection systems 

 

 

3.2.  Related works based on vehicular approach 

Li et al. [12] proposed the on the web area of tiredness recognition framework so as to keep away 

from mishaps out and about. This strategy screens the shortcoming level of drivers at genuine situations with 

steering wheel angles (SWA), information of SWA is assembled from the sensors annexed at controlling 

switch, framework at first eliminates the highlights of approximating entropy at a fixed sliding frames in a 

course time of action of persistent coordinating wheel focuses. The system at that point linearizes the 

structures of approximate entropy utilizing the deviation of the flexible straight piecewise fitting procedure. 

Next, the structure registers the mutilating partition between the game plan of direct features of test data. At 

last, the system decides the laziness state of drivers using turning partition, as demonstrated by the arranged 

decision classifier. Results show that the proposed system is viable with chipping away at the web with an 

accuracy of 78.01% and accommodating in envisioning mishaps achieved by a driver's shortcoming. 

Li et al. [13] proposed an online recognition of drivers’ exhaustion utilizing both steering wheel 

angles (SWA) in addition to yaw angles (YA) data in the genuine driving conditions in order to address the 

issue of a driver’s weakness. The framework immediately examines the activity highlights of SWA and YA 

in the various conditions of exhaustion, and then determines the ApEn which includes time arrangement of 

shot sliding window, at that point utilizing the dynamic time arrangement of non-straight element 

development hypothesis and accepting highlights of weariness as information, plans a 2,6,6,3 staggered back 

propagation (BP) neural organization classifier to decide the weakness discovery. For exact investigation, 

fifteen hours in duration is acted in real street conditions. The specialists assessed the recovered information 

and classified in three degrees of weakness: languid, lazy, and conscious. Moreover, the test reaches the 

normal exactness of 88.02% in exhaustion discovery and is important for designing applications. 

 

3.3.  Related works based on behavioral approach 

Albeit different methodologies have been made to recognize the level of sleepiness, strategies reliant 

on picture dealing with are quicker and more accurate corresponding to various procedures. The purpose of 

this examination is to use picture planning methods to perceive the levels of drowsiness in a driving test 

framework. The outward appearances, similarly as zone of the eyes, were recognized by the Violla-Jones 

ref./ 

year 
Biological parameter Sensor Method Description 

Accuracy 

(%) 

[5]/ 

2015 

Brain physiological 

changes 

EEG headset 

system 

JAVA programming 

language 

Low-power use with on-chip 

feature extraction and low energy 

Bluetooth affiliation 

96.24 

[6]/ 

2018 

Heartbeat 

changes 

Photoplethysmo

graphy sensor 

HRV frequency 

domain, LF/HF ratio 

The Arduino Nano and Odroid XU4 

is utilized as the getting ready unit 

and has LCD to show the yield 

96.52 

[7]/ 

2020 

Behavioral features 

and physiological 

indices changes 

Hybrid sensing Non-contact sensors 

 

A dataset containing 10-s segments 

of data was produced using the 

cross variety gauges recorded 
during a DS attempt 

78.7 

[8]/ 

2020 

Heartbeat 

changes 

Wrist-worn 

wearable sensors 

LF/HF ratio Several machine-learning 

algorithms for binary classification 

> 92 

[9]/ 

2017 

behavioral features and 

physiological indices 

changes 

Hybrid sensing T-tests are utilized to 

distiguish the sleepy 

from alarm 

Strategy that coordinates the 

highlights of ECG and EEG 

80 

[10]/ 

2019 

Brain physiological 

changes 

Near-infrared 

spectroscopy 

Using functional near-

infrared spectroscopy 

DNN-CNN 99.3 

[11]/ 
2014 

physiological changes PPG signal 
sensor 

Wavelet-based 
strategies are utilized 

for denoising  

Uses laborers security devices, like 
a watch or glove, which can 

recognize the languid specialist for 

overnight working movements 

100 
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count. Models for recognizing drivers' levels of languor by eye-following incorporated the eye squint term 

gleam repeat and PERCLOS, which was used to avow the results. The mean of squares of mix-ups for 

information arranged by the association and information into the association for testing were 0.0623 and 

0.0700, separately. In the meantime, the degree of precision of recognizing structure was 93%. The flow 

examination proposes a snappy and exact technique for recognizing the levels of drivers' sluggishness by 

thinking about the dynamic changes of the eyes [14]. 

Kuamr and Barwar [15] proposed the ongoing assessment of driver exhaustion recognition utilizing 

social measures and signals like eye flashing, cerebrum movement, and yawning to perceive a driver's state. 

The inspiration driving the proposed technique is to distinguish the close by eye and open mouth all through 

and make an alarm upon positive ID. The system quickly finds the consistent video using the camera 

mounted before the driver, so, all things considered the edges of got video help distinguish the face and eyes 

by applying the viola-jones procedure, with the arrangement set of face and eyes gave in Open CV. To decide 

the eye express, the eyeball tone is first acquired by investigating the RGB parts on the point of convergence 

of eye pixel. To perceive the yawning development of the mouth, structure finding figuring is used to check 

mouth size. This is best when drivers don't have glasses or facial hair. 

 

 

Table 2. Behavioral and vehicular approaches-based tiredness discovery frameworks 

 

 

Set up a framework for laziness revelation subject to eye instances of people checked by video 

moves. PC vision and machine slanting were used to make a simplicity consistent system to perceive whether 

an overseer is lethargic by utilizing an essential web camera. The proposed framework uses drowsiness rules 

for flash plans from neuroscience composing, which considers customized sharpness oversight, lessening 

threats brought about by human blunder and afterward forestalling mishaps. A wide-incorporating segment is 

introduced by connecting information from a couple of persistent video diagrams joined with the limit of 

machine slanting models in recognizing eye conduct. Thus, multilayer perceptron, sporadic forest area, 

besides support vector machines can be researched. The remainder of these had the general best introduction 

concerning typical test precision (94.9%) and essential implementation time. Table 2 presents the 

performance of vehicular and behavioral approaches for drowsiness detection systems [16]. 

 

 

4. DRIVER DROWSINESS BASED ON ARTIFICIAL INTELLIGENT TECHNIQUES 

This examination hopes to decide if the standard information sources used to recognize drowsiness 

can likewise help anticipate when a given sleepiness level will be reached. Estimated physiological (e.g., 

pulse and fluctuation, breath rate, head and eyes movements, and recorded driving conduct) and social 

markers for example, an ideal opportunity to-lanecrossing, speed, directing wheel point, position on the path. 

Two models used fake neural organizations were created: one to recognize the level of languor consistently, 

and the other to anticipate the time needed to arrive at a specific sluggishness level. The best exhibition in 

both discovery and forecast is obtained with conduct pointers and extra data. The model can identify 

Ref./ 

year 

Vehicular/behav

ioral parameter 
Sensor Method Description 

Accuracy 

(%) 

[12]/ 

2017 

SWA SWA 

sensors  

Utilize the deviation of versatile 

straight piecewise fitting 
technique 

Framework determines the languor 

condition of drivers utilizing twisting 
separation, as indicated by the 

planned choice classifier 

78.01 

[13]/ 
2017 

SWA and YA SWA 
and YA 

sensors 

The framework immediately 
examines the activity highlights 

of SWA and YA in the various 

conditions of exhaustion 

Assesses recovered information and is 
classified in three degrees of 

weakness: languid, lazy, and 

conscious 

88.02 

[14]/ 

2018 

Eyes state Camera  Utilize picture preparing 

procedures to recognize the 

degrees of sluggishness in a 

driving test system 

Violla-Jones Perclos is utilized to 

affirm the outcomes 

93 

[15]/ 

2017 

Eye and 

Yawning states 

Camera  The casings of caught video are 

utilized to recognize the face and 
eyes 

Viola-Jones strategy, with the 

preparation set of face and eyes gave 
in open CV 

N/A 

[16]/ 

2019 

Eyes state  Camera  PC vision and machine inclining 

(ML) were make an ease, 
ongoing framework to disting-

uish whether an admin-istrator is 

tired by utilizing a straight-
forward web camera 

ML models in distinguishing 

distinctive eye conduct. Here, 
multilayer perceptron, irregular 

woodland, and support vector 

machines were investigated 

94.9 
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tiredness levels with a mean square blunder of 0.22 and can anticipate when a given sleepiness level can be 

extended with a mean square mistake of 4.18 min [17]. 

Focus on driving execution investigation utilizing different AI techniques. The enhancement portion 

of the proposed procedure has two main steps. To begin, the exhibitions of the K-nearest neighbors (KNN), 

support vector machine (SVM), and Naïve Bayes (NB) calculations are improved through sacking, boosting, 

and casting ballot group learning procedures. The GWO-casting a ballot approach has the best presentation 

compared to the other hybrid strategies with an exactness of 97.50%. The acquired results indicated that the 

proposed framework can raise the effectiveness of old-style calculations. This examination first applied the 

three notable AI calculations: SVM, KNN, and NB [18]. 

21 individuals drove a vehicle test framework for 110 minutes in a reliable atmosphere. 

Assessments were assembled for physiological and direct markers just as recorded driving behavior. These 

assessments, despite driving time and individual data, filled in as the artificial neural network inputs. Two 

artificial neural network based models were used: one to perceive the level of drowsiness reliably, and the 

other to envision, during every second, how long it would require for the driver to show up at a specific 

sluggishness level. The artificial neural network was set up with 20 individuals and changed utilizing the 

most reliable part of the data recorded from a 21st part. The changed artificial neural network was then 

attempted with the remainder of the data from this 21st part. A similar technique was applied for each of the 

21 members. Differing measures of information gathering were utilized to adjust the artificial neural network, 

from 1 to 30 minutes, and Model execution was improved for every member. The general laziness checking 

execution of the models was generally improved by 40% for expectation and 80% for identification [19]. 

This examination presents another methodology for following a driver's facial movements, including 

head stance and eye-glimmering in the continuous reason. A driver in ordinary conditions moves his head in 

different manners, and his face is routinely impeded by his hand or the wheel. Both of these variables present 

a difficult test for standard face models. dynamic appearance model (AAM) and active shape model (ASM) 

are two upheld face models. Proof shows that PE-ASM is superior to Active Shape Model and Appearance 

Model with respect to the face fitting in a wide scope of positions. Using this model, we can check the 

driver's head position, similarly as eye-flashing, by including separate cycles. Two HMMs are set up to 

exhibit transient acts of these two facial features. The structure would then be able to make a deduction by 

checking these HMM states if the driver is drowsy. Results prescribe that the structure will in general be used 

as a driver sluggishness finder in the business vehicle where the visual conditions are different and regularly 

testing to oversee [20]. 

 

 

Table 3. Artificial intelligent techniques -based drowsiness detection systems 
Ref./year Measure Classifier Description Accuracy (%) 

[17]/2017 Physiological 

state 

ANN 2 models using counterfeit neural associations were made: one to 

perceive the degree of drowsiness reliably, and the other to envision 
every second during which the time expected to show up at a 

particular languor level 

N/A 

[18]/2017 Eye state SVM & 
KNN 

The shows of the K-closest neighbors (KNN), uphold the vector 
machine (SVM), and honest Bayes (NB) counts are improved using 

sacking, boosting, and casting ballot group learning procedures 

97.50 

[19]/2018 Physiological 
state 

ANN Two artificial neural network based models were used: one to 
perceive the level of drowsiness reliably, and the other to foresee, 

during every second, how long it would require for the driver to 

arrive at a specific sluggishness level 

80 

[20]/2016 Head posture & 

eye-flickering 

AAM & 

ASM 

Using this model, we can measure the driver's head position, 

similarly as eye-glinting, by including separate cycles 

N/A 

 

 

5. CHALLENGES AND LIMITATIONS 

The researcher must deal with many testing conditions that occasionally upset and occupy the way 

toward social event and dissecting information. There are a number of conditions that cause the 

distinguishing cycle to grow troublesome. 

− The steadfastness and precision of driver lethargy area by using physiological signs is amazingly high 

when stood out from various procedures. In any case, assessing physiological signs stays an issue to be 

tended to. To deal with this, researchers have used distant apparatuses to check physiological signs in a 

less prominent manner by setting the anodes on the body and gaining signals using far off progressions 

like Zigbee and Bluetooth.Several scientists have proceeded by estimating physiological signs in a non-

invasive way by setting terminals on the driver’s seat. The exactness of a non-nosy framework is 

generally lower because of the development of ancient rarities and mistakes caused by inappropriate 
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terminal contact. That being said, scientists are still considering whether to utilize this given its 

accessibility [21]-[23].  

− For device that needs to read the appearance of the face and eyes, any condition that can cover face are 

unwanted [24], [25]. For example, when the driver doesn’t look toward the front, when lighting 

conditions are suboptimal, when the driver wears accessories including caps and glasses, the camera 

won’t be able to capture the qualities of the eyes and face.  

− There are certain kinds of hardware appended to the face and other body areas to distinguish muscle 

constriction and eye exercises (i.e., flickering and iris development). This gadget cannot ordinarily 

recognize common or unconstrained articulation or action because of weakness and proposed articulation 

and development [26]. For example, it is hard to recognize yawning, talking movements, and eyelid 

motions because of lethargy or expected articulation while talking or singing. 

 

 

6. CONCLUSION 

The fundamental objective of this survey is to find cutting-edge research in the tiredness recognition 

framework. A similar examination indicated that none of the aforementioned strategies is fully precise. 

However physiological boundaries-based procedures provide more exact outcomes than types of procedures. 

Their non-rudeness can be decreased utilizing remote sensors on the driver’s body, driving seat, seat covers, 

steering wheel, and so forth. Half of these methods (e.g., physiological estimates joined with vehicular or 

social measures), help in overcoming the issue related to singular strategy. This produces improved 

sluggishness identification results, like the blend of electrocardiogram and EEG highlights, which results in 

superior outcomes. This underscores the say in which consolidating physiological signs improves the 

presentation as opposed to utilizing them alone. A similar investigation of classifiers shows distinctive 

precision levels in different circumstances. SVM is the most ordinarily utilized classifier and gives higher 

precision and speed much of the time, yet it isn't reasonable for enormous datasets. HMM shows a lower 

blunder rate, however both CNN and HMM are delayed in preparing and costly contrasted with the SVM 

classifier.  
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