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Abstract

A physiological-based driver monitoring system (DMS) has attracted research interest and has great potential for providing
more accurate and reliable monitoring of the driver’s state during a driving experience. Many driving monitoring systems
are driver behavior-based or vehicle-based. When these non-physiological based DMS are coupled with physiological-
based data analysis from electroencephalography (EEG), electrooculography (EOG), electrocardiography (ECG), and
electromyography (EMG), the physical and emotional state of the driver may also be assessed. Drivers’ wellness can also
be monitored, and hence, traffic collisions can be avoided. This paper highlights work that has been published in the past
five years related to physiological-based DMS. Specifically, we focused on the physiological indicators applied in DMS
design and development. Work utilizing key physiological indicators related to driver identification, driver alertness, driver
drowsiness, driver fatigue, and drunk driver is identified and described based on the PRISMA Extension for Scoping
Reviews (PRISMA-Sc) Framework. The relationship between selected papers is visualized using keyword co-occurrence.
Findings were presented using a narrative review approach based on classifications of DMS. Finally, the challenges of
physiological-based DMS are highlighted in the conclusion.

Keywords: Driver Monitoring System; ADAS; Vehicle Safety; Driving Behavior.

1. Introduction

Driving is a complex and challenging task. Drivers must be able to comprehend and adapt to the driving
circumstances to decrease traffic accidents. It is vital to monitor the driver's mental and physical state since the driver
must always be on alert and keep an eye on his surroundings [1]. It becomes more closely related to automated driving.
Therefore, more key players in the automotive industry are interested in driver monitoring systems (DMSs) [2]. DMSs
and warning systems have been suggested as standard or optional equipment in vehicles, especially passenger vehicles,
driven by the increasing number of road accidents globally [3]. For instance, the earliest driver monitoring systems on
the market were systems or tools for recognizing driver fatigueness or drowsiness which may affect their driving
abilities. Since then, the DMS market has witnessed notable growth, especially with the increasing number of traffic
accidents caused by drivers' lack of alertness. Moreover, future vehicles will be required to include driver monitoring as
a fundamental feature, especially vehicles with conditional automation [4]. Drivers may disengage from vehicle control
but still need to maintain focus and prepare to re-engage and control the car when necessary.

The study of human physiological characteristics such as heart rate, respiration rate, and heart rate variability [5] and
the recent technological advancement of embedded sensors enable the evaluation of drivers’ physical and emotional
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states [6]. Since physiological signals come from human organs including the brain, eyes, heart, and muscles, they may
be utilized to gauge a driver’s state of alertness [7]. These signals may be acquired using biosensors such as using
electroencephalography (EEG) or Near Infrared Spectroscopy (NIRS) to study brain activity, electrooculography (EOG)
to assess ocular activity, electrocardiography (ECG) and blood pressure signals to monitor cardiac activity and
electromyography (EMG) signal to record muscle tone of a person [1]. These biosensors are placed in vehicles or
attached to drivers as a source of input for driver monitoring systems. They are measurable and may be captured in real-
time without the driver’s active participation. However, they may be frequently distorted by noise and challenging to be
analyzed [8]. Nevertheless, the use of these sensors enables early detection of a lack of alertness in drivers, reducing the
likelihood of serious accidents. The three primary components that form the physiological-based DMS overall
architecture are signal collection, data processing, and control modules, which include feature extraction and
classification methods as shown in Figure 1.

Figure 1. Physiological-based DMS components

The physiological signals may be acquired using wearable or non-wearable sensors where the sensors will transmit
the signals for processing. In the data processing stage, main features of the evaluated driver state like fatigue, and
drowsiness will be extracted to determine the driver’s alertness level. Table 1 lists dry electrode sensors for physiological
indicators [9]. If abnormalities are detected, the control module will trigger a warning and notification either visible,
audible, or haptic alerts to the driver. Furthermore, the DMS must be built to make optimal use of the radio and sensory
components along with intrusive sensors for effective continuous driver monitoring to take place [6].

Table 1. Dry sensors for physiological signals

Physiological indicators Types of Dry Electrodes for Data Acquisition
(i) Mindwave Headset (iv) Imotive Headset
EEG (ii) Flex Sensors (v) Neurosky’s Dry Sensors
(iii) Drypad Sensors (vi) Quasar Sensor

(i) Alivecor System and ECG Check  (iv) Omron
ECG (ii) EPI mini (v) Flex Sensor
(iii) Ambulatory ECG (vi) Drypad Sensors

(i) NEURONODE
EMG (i) SX230
(iii) Trigno Mini Sensor

(iv) NeuroSky’s Dry Sensor
(v) Quasar sensors

(i) NeuroSky’s Dry Sensor . .
(iv) SMI Eye Tracking Glasses

EOG (ii) Comnoscreen .
(v) ASL Eye Tracking Glasses

(iii)Google glass

(i) Empatica wristband
GSR (ii) Shimmer 3
(iii)Grove- GSR

(i) MAXIM302025
(if) 'YS1400 Series Temperature Probe

ST

In this review, we provide a summary of physiologically based driver monitoring systems that have been grouped
according to different types of DMS, including driver identity recognition, alertness, fatigue, and drowsiness monitoring,
as well as drunk driving, which is different from previous reviews by Guettas et al. [1], Arakawa et al. [10], and Guo et
al. [11]. This paper is organized as follows: Section 2 describes the different types of physiological signals that have
been used for monitoring drivers’ states. Section 3 presents the research method applied in this study. Section 4 presents
the classification of physiological-based driver monitoring systems found in the past five years. Section 5 discusses the
challenges of implementing the physiological-based driver monitoring system. Finally, Section 6 provides the
conclusion of this study.
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2. Driver Physiological Signals
2.1. Electrocardiogram (ECG)

The electrocardiogram (ECG), which systematically records fluctuations in heart rate, is used to obtain cardiac
signals. Electrocardiogram (ECG)-based physiological metrics include heart rate (HR), heart rate variability (HRV),
ECG-derived respiration rate (EDR), and metrics derived from electrodermal activity (EDA) signals [12]. Based on
ECG data, the heart rate (HR), also known as inter-beat interval (IBI) which corresponds to the number of heartbeats
per unit of time, generally per minute, is another extensively used measure to assess cardiac activity. IBI time changes
are referred to generally as Heart Rate Variability (HRV) [5]. Depending on internal and environmental circumstances,
HRYV data varies across people and over time within individuals [13].

Previous research in studying driver performance has shown that these metrics are related to driver differences in
cognition and attention. The instantaneous heart rate varies within a certain range of fluctuation in the normal condition
[10]. There are three frequency bands such as very low frequency band (0.003-0.04 Hz), low frequency band (0.04-0.15
Hz), and high frequency band that are provided by the HRV power spectrum analysis derived from R-to-R time series
(0.15-0.4 Hz) from period of two to five minutes of recording [5]. The ECG measures cardiac responses recorded from
the chest. It gauges how much physical and psychological stress and tiredness the body experiences. Gender and age,
along with body posture, temperature, humidity, altitude, emotional state, hormonal condition, medications, and
stimulants, have an impact on HRV [14].

The heart rate of an awake participant is substantially closer to the high frequency band. The heart rate begins to
slow down and move closer to the low frequency band when a patient begins to feel sleepy. Moreover, analysis of HRV
enables classification of various illnesses by measuring autonomic nervous system stress and detecting angina and
ischemic heart disease [10]. Since the signals are generally acquired by attaching three or twelve leads to the skin's
surface and connecting an electrode to the body, non-invasive ECG recording techniques, such as embedding sensors in
the steering wheel, were developed to suit driver applications [1]. Polyurethane electrodes that are flexible and thin were
created to enable for continuous in-vehicle heart rate monitoring as well as long-term electrocardiogram (ECG)
monitoring while driving [15].

Another study focused on real-time ECG monitoring to mitigate road accidents due to cardiovascular problems such
as cardiac arrhythmia and hypoxia. In-vehicle Bluetooth transmission will be used to measure ECG signals from the
driver's hand and sent to Android mobile phones or tablets. The signals will be stored in a cloud database so that
physicians may access them right away [16].

2.2. Electroencephalogram (EEG)

Drowsiness detection is crucial when performing critical activities like driving duties like operating a crane, running
a vehicle. Drowsiness detection techniques based on electroencephalography (EEG) have been proven to be successful
[17]. Electroencephalogram (EEG) analysis is a technique used to assess the electrical activity of the human brain and
acquire specific information of a person’s mental state [18]. The scalp (frontal, temporal, parietal, and occipital) of the
subject is used to record EEG signals. Waveforms with frequency bands can be categorized as alpha (8-13 Hz), beta
(14-30 Hz), theta (4-7 Hz), gamma (32-100 Hz), and delta (3.5 Hz) bands. Gamma waves indicate conscious awareness,
theta waves indicate a profound state of meditation, delta waves indicate deep sleep, and beta waves indicate an attentive
state. Alpha waves indicate a calm and detached consciousness [14]. Alpha waves repeatedly occur when our eyes are
closed and swiftly vanish when we open them again [19]. According to reports, if the individual is discovered to be
sleepy, there will be a considerable increase in the theta frequency band and a drop in the power changes in the alpha
frequency band. Additionally, an electrode helmet must be worn on the head to detect the frequencies. It seems obvious
that having electrodes attached to the driver’s head would be extremely inconvenient, impair their ability to drive, and
perhaps even increase the likelihood of an accident occurring.

Nevertheless, EEG behaviour has been widely examined in both simulated and actual driving situations to study
driver drowsiness and fatigue [20]. The EEG signals are non-stationary, and the data collecting is quite invasive but very
intrusive to drivers [21]. Due to the non-stationary nature of EEG data, techniques like signal modification and sub-band
extraction are increasingly being used to automatically discern between awake and asleep states. The majority of these
computations take a very lengthy time. For instance, a single-channel EEG-based drowsiness detection approach using
analytical and single-feature computation is proposed. The suggested model was tested using the Physio Net Sleep
dataset and the Simulated Virtual Driving dataset. In comparison to the previous research, the suggested strategy
produces superior outcomes [17].

2.3. Electrooculography (EOG)

EOG is the most frequently used method to automatically identify different phases of sleep [22]. In addition, due to
its strong signal-to-noise ratio and distinctive information on eye blinks and other eye movements, EOG is also
frequently used to gauge levels of fatigueness [19]. The EOG is a method for measuring eye movement i.e., the electrical
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potential difference between the cornea and the retina of a human eye which may be used to gauge a driver’s degree of
attention. When a driver’s eye movement is slower compared to the driver’s eye movement while awake, it can be
assumed that the driver is starting to nod off. This is done by placing disposable electrodes on the outside corners of
each eye and a third electrode in the centre of the forehead as a reference [14]. However, the narrow band of the EOG
signal, which has a frequency range of 0.5-10 Hz, makes it challenging to extract the EOG signal [22].

2.4. Electromyography (EMG)

The EMG is a diagnostic technique used to evaluate the condition of the nerves and muscles that govern them. The
EMG signals amplitude and spectrum analysis have both been utilized as indicators of muscle fatigue where it records
signals from the muscles and skin and is connected to muscle contraction. It is regarded as the gold standard for
calculating driver muscle fatigue [23]. Muscle fatigue happens when the muscle is unable to exert force and achieve
necessary motions, usually when the body is overworked. The EMG device i.e., electrode pads are utilized to find
electrical impulses, and examination of the data will show whether the individual has muscular fatigue [21]. Even though
this form of measurement is extremely accurate and results in very minimal detection errors, its practical use in a real-
time setting is challenging since it is intrusive and requires a complicated setup [14].

2.5. Galvanic Skin Response (GSR) or Electrodermal Activity (EDA)

Pulse oximetry and skin conductance, commonly known as galvanic skin response (GSR) or Electrodermal Activity
(EDA), are utilized to collect bio-signals for pre- and post-driving stages in order to identify driver fatigueness [14]. It
is used to demonstrate the emotional state or arousal and is easily quantified. However, the emotion triggered is difficult
to be determined since emotions like stress and rage produce identical GSR responses. This demonstrates that
sympathetic activity and emotional arousal are connected [1].

Plethysmography is the detection of the cardio-vascular pulse wave as it travels through the body where the ambient
light reflected from the skin may be changed based on the hemoglobin’s absorption spectrum. The circulatory system
uses the heart to pump blood, and with each beating, fresh blood flows via blood arteries to all parts of the body. Micro-
blushes, which are color fluctuations in the skin that are invisible to the human eye, are produced by this blood circulation
[24]. The tonic level of GSR, which refers to the slow-acting parts of electrical activity like the mean level of GSR or
gradual ascending and drops with time, is one characteristic that may be obtained from GSR data. The skin conductance
level is the most used way to quantify this component. This metric fluctuates because of the overall arousal or emotions
variations. Phasic GSR refers to the signal’s quickly altering characteristics and measured using the Skin Conductance
Responses (SCR) which can be classified as Non-specific SCRs (NS-SCRs) and event-related SCRs (ER-SCRs). NS-
SCR collects reactions that happen in the absence of clearly defined triggering stimuli, whereas ER-SCR describes the
electrodermal response of drivers to stimuli. The frequency of NS-SCRs, which is typically between one and five per
minute at rest and more than 20 per minute at times of high arousal, is one often utilized indicator. Indicators including
latency, amplitude, rising time, and half recovery time are typically utilized to describe ER-SCRs. Apart from latency,
which must be determined from a time-stamped triggered event, the same indicators may be computed exactly for NS-
SCRs [5]. However, GSR’s sensitivity to the surrounding temperature is its biggest drawback [1].

2.6. Respiration

The respiratory system is complicated and susceptible to additional psychological factors. Breathing affects both
EDA and cardiac activity. Based on the data supplied by breathing transducers, a variety of measurements may be
derived, including the breathing rate (BR), which represents the number of breathing cycles per minute. The raw
breathing signal may also be used to produce measures of the inspiratory and expiratory volumes and durations, their
ratios, and the complexity of the signal (by spectrum analysis). The chest expands because of breathing, and piezoelectric
sensors can detect this movement. A phenomenon known as respiratory sinus arrhythmia (RSA) refers to the impact of
respiratory cycle on heart rate. Numerous variables, such as exercise level, age, or posture, affect RSA. The key metric
is the magnitude of RSA; however, frequency and time domain techniques can also be utilized because they produce
comparable outcomes. The respiratory system functions regularly and harmoniously under ideal circumstances while
driver’s perform various activities in a vehicle, however stressful events can cause disturbances in this system [5].

2.7. Photoplethysmographic (PPG)

PPG is an optical measuring method used to find variations in blood volume in the tissue’s microvascular bed [25].
Moreover, since PPG is non-invasive and provides information on cardiac activity by detecting the pulse wave from the
finger, earlobe, or toe, it is utilized as an alternative to ECG signals. Information of brain function may also be inferred
from PPG signals. It enables driver analysis to be performed based on physiological and psychological factors. However,
a light source and a photodetector are necessary for PPG. The photodetector detects minute fluctuations in reflected light
intensity linked to perfusion changes in the catchment volume from the light source that lights the tissue [25]. In addition,
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the HR, HRV, and respiration rates can be more accurately measured on the earlobe. Cardiovascular blood volume pulse
and heart rate variability (HRV) are extracted from PPG. PPG has been used to test driver fatigueness [26]. However, it
is still less trustworthy than the ECG signal [1]. It requires direct contact from the driver to the detectors and requires at
least five minutes to perform the frequency domain analysis which is not reliable for critical assessments [25].
Nonetheless, the measurement of remote PPG (rPPG) is now possible due to developments in the field of contactless
heart rate monitoring during the past ten years. rPPG may be monitored by a standard RGB camera and is derived from
variations in face color, making it simple to include into physical features for driver tiredness detection. The application
of rPPG for driver tiredness identification is currently being relatively under-explored [26].

3. Research Methodology

In this study, previous work from year 2018 to 2022 in this area has been comprehensively mapped, and the study
gaps in the field that pertain to tracking driver status to reduce the risk of accidents have been identified. The five steps
indicated by Arksey and O’Malley—identifying research questions, finding pertinent studies, choosing studies, charting,
compiling, summarizing, and reporting results [27] as shown in Figure 2 were implemented.

Identifying research questions

N

Identifying relevant studies

N/

Study selection

\

Charting

A4

Collating, summarizing, and reporting results

Figure 2. Scoping review processes

Our objectives in conducting a scoping study were to evaluate the scope and breadth of the research activity as well
as to identify research gaps in the literature as they are related to psychological-based driver monitoring systems. The
following research questions were formulated:

e What are the physiological-based systems or tools proposed to monitor a driver’s state in promoting safe road
environment in the past five years?

e What are the challenges in monitoring a driver’s physiological state in a moving vehicle context?

Potentially relevant studies were identified by adhering to the PRISMA Extension for Scoping Reviews (PRISMA-
ScR) framework [28]. This framework allowed for the cautious and thorough analysis of large number of sources to
identify and summarize pertinent keywords, main concepts, critical areas, and gaps. We searched the globally
acknowledged scholarly database i.e., Science Direct and Scopus from year 2018 until 2022 using search strings listed
in Table 2. Boolean logic connectors were used to connect multiple search terms. The main search terms focused on
terms commonly used to represent driver monitoring systems (#5). The second group of search terms included keywords
related to driver monitoring system categorization (#6). The third group of search terms were related to biosensors and
driver monitoring (#7). All journal articles and conference proceedings in computer science and engineering were
considered.

Table 2. Search strings

ID Search Strings

#1 “driver monitoring” OR “driver health” OR “driver state”

#2 “system*” OR "application*" OR “tool*”

#3 “fatigue*” OR “drows*” OR “sleep*” OR “drunk” OR “distract*”” OR “alert*” OR “wellness” OR “vigilance” OR “weariness”
#4 “physiological” OR “EEG” OR “ECG” OR “PPG” OR “EMG” OR “HRV” OR “heart rate”

#5 #1 AND #2

#6 #1 AND #3

#7 #1 AND #4
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The initial search results from both databases yielded 2,939 articles. The bibliographic citation file (.ris file format)
was imported into RAYYAN [29] to facilitate collaborative review process among the co-authors. Automatic detection
by the software shows 1,862 duplicates and these duplicates have been automatically resolved. The citation information,
which includes author and source details, bibliographic data, an abstract, and keywords, is crucial in influencing the
screening choices made by the reviewers. The reviewers work in pairs to screen the articles based on the eligibility
criteria defined in Table 3. A third reviewer was consulted when both reviewers have contradicting opinions.

Table 3. Eligibility criteria

Inclusion Exclusion
Articles published in English. Articles with no clear methodology.
Articles published since 2018. Articles which members have no access to the full text.

Articles published as original articles, reviews or conference proceedings.  Articles without relevant information to support the research questions.

Articles primarily focused on driver state monitoring

355 articles were removed from further screening based on titles and abstracts which are not related to physiological-
based driver monitoring systems. Next, 208 articles were removed since none of the reviewers have access to the full
text, leaving 514 articles for full-text screening. 322 articles do not have relevant information which can provide insights
to answer the defined research questions which guides this study. The reviewers thoroughly examined the full texts of
all 192 potentially eligible articles to confirm their inclusion. However, 99 articles which do not describe clear
methodology were excluded. A total of 93 articles met all the criteria identified. The results of the selection according
to the PRISMA flow diagram are shown in Figure 3.

Identification of studies via databases and registers

=
=]
= . . . Duplicate records removed
E Records identified (n=2539) > (n=1862)
=
[T
=
k4
Reports screened . Reports excluded™
(n=1077) (n=355)
L
Reports sought for retrisval Reports not retrieved
—
= (n=F22 (n=208)
=
o
: :
A
Reports assessed for eligibility Reports excluded:
(n=182 ) Mot enough information (n
=322 )
Mo clear methodology (n
=50 )
S—
L 3
2 . .
= Studies included in review
=3 .
4] (mn=1593)
=

Figure 3. PRISMA-Sc flow diagram
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Next, the selected articles were labelled according to the physiological indicators i.e., electroencephalography
(EEG), electrooculography (EOG), electrocardiography (ECG), electromyography (EMG), electrocardiogram (ECG) or
multi-indicators, and type of driver monitoring system related to driver identification, driver alertness, driver fatigue,
drunk driver, or driver emotion. The bibliographic citation file (.ris) of these articles was then exported to a bibliometric
analysis software-VOSviewer version 1.6.7 [30].

Keyword occurrence analysis was performed to provide an overview of the research focus from the selected articles.
The minimum occurrence of keyword is set to 5 prior to generate the concept map as in Figure 4. In addition, the
keywords are visualized as nodes and connected with other keywords which co-occur. The visualization reveals six main
themes which are driver monitoring (blue node), automated driving (red node), sleep stages (purple node), heart rate
(yellow node), electroencephalography (brown node) and electrocardiography (green node). A narrative review
approach was used to summarize information found from selected articles. Finally, the final report was prepared to
present the findings and analysis of this study which is suggested to fulfil the research gap in this area
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Figure 4. Network Map based on keyword occurrence

4. Findings and Results

The inclusion and exclusion criteria have enabled the categorization process to be conducted in a meticulous manner.
However, due to limited space, the narrative review only covers articles within the theme which we selected for
presenting related research according to our research objectives.

4.1. Driver Identity Recognition

Driver identity recognition refers to continuously tracking a driver’s identity to prevent unauthorized access and
behavioral by providing better customized driving assistance through an instructive or non-intrusive approach. It is
amongst the most common technologies used in smart automobiles. When a driver is identified in a vehicle using the
collected bio-information, the identity recognition technology assists in performing driving tasks. Hence, physiological-
based approaches have been proposed by previous researchers. For instance, ECG and electromyography (EMG) were
converted into 2D constant Q transform (CQT) for the development of an identification system with a multi-stream
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convolutional neural network (CNN). Based on experimental data, a single ECG for 2D CQT produces a higher accuracy
of driver identification (98.1%) compared to a single EMG which produces an accuracy of 84.4%. Combination of both
ECG and EMG signals further improved the accuracy up to 98.9% [31].

A normalized electrocardiogram (ECG) based adaptive threshold filter approach was also presented, which measures
the ECG while the subject is sitting, touching a slide, and after the subject has finished exercising. The results of the
studies show that the suggested method increased average similarity when compared to results obtained without the
normalization step [32].

An identification tool for registered drivers by mapping the fingerprint of each driver was also proposed. The
experimental results of false acceptance and rejection rates were relatively low at 4% and 8%, respectively, requiring
extensive work to be improved further [33]. Similarly, individual fingerprint mapping was collected, and ten-
dimensional features were extracted to identify individual driving patterns. The recognition rate of the driver in the
database is shown to achieve 100% through the experimental data using feature statistical distribution (FSD) mapping
[34].

In another study, real driving datasets (e.g., CAN-bus) was utilized by measuring skin conductance, temperature,
and ECG data to recognize drivers. The development incorporates machine learning algorithms (e.g., Random Forest,
K-Nearest Neighbors, Extra Tree, Decision Tree and Gradient Boosting) to produce the verification predication.
According to the experiment’s findings, the proposed approach has achieved at least 90% accuracy [35]. Furthermore,
physiological data (e.g., fingerprint) was analyzed using RFID for personal identification and verification tool
development. The analysis of the identification and verification results proposes that the tool achieves a faster execution
time than existing methods [36].

User authentication and identification model using physiological data was also proposed. The proposed work was
simulated using Physionet Database, which includes an electrocardiogram, electromyogram, expansion respiration, and
skin conductivity data. The experiment findings demonstrate that the accuracy of authentication with ECG data has
achieved higher than 96% with one lead scenario [37]. On the other hand, an identification tool by measuring drivers’
arm movement EEG signals was proposed. The proposed work was presented by incorporating a time delay neural
network (TDNN) classifier. The experimental findings demonstrated a statistically significant positive correlation of the
EEG signals with the actual participant’s actions [38].

A driver identification scheme by measuring individual physiological data (e.g., fingerprints and ECG) and
behavioral data (e.g., facial and voice) using a pre-configured processor was also proposed. The experimental findings
emphasize that the proposed approach could identify the user and can be extended to personalize individual vehicle
settings as desired [39]. In another work, an identification system using a photoplethysmographic (PPG) signal was
presented to personalize a driver’s identity. The proposed approach employs a temporal convolutional neural network
(TCNN) architecture to acquire the features of the data generated from the PPG signal. The experimental results show
that the algorithm herein proposed recognized the driver’s identity with an accuracy of close to 99% [40].

4.2. Driver Alertness Monitoring

Driver alertness monitoring system is also known as driver distraction and driver vigilance monitoring system. A
driver is considered distracted when he or she is pre-occupied or doing other tasks while driving [41] which prevents
the driver from focusing on the road, traffic flow and vehicle control [42]. Critical safe driving is influenced by cognitive,
manual and/or visual distractions [43].

Hence, wearable and non-wearable devices have been proposed to monitor the alertness of drivers while they are
driving on the road. For instance, a wearable prototype device that integrates flexible dry electrodes and a custom 8-
channel EOG signals acquisition board for recording forehead EOG signals was designed to construct alertness
estimation models. Systematic experiments were performed in laboratory simulations i.e., four-lane highway, various
cars, buses, traffic signs, buildings, and tunnel as well as in real-world scenarios under different illuminations and
weather conditions i.e., sunny, cloudy, windy, rainy and at night. Simulation studies were conducted using a subset of
SJTU Emotion EEG dataset known as SEED-EOG before actual road testing [44]. Similarly, a deep coupling recurrent
auto-encoder (DCRA) was proposed to improve the accuracy of driver alertness detection monitoring system. EEG and
EOG signals were combined to produce the data analysis model [45].

Moreover, during long and boring drives, most drivers exhibit deteriorating level of alertness. Additionally, high in-
cabin temperatures, uncomfortable driving circumstances, and muscular tiredness in the neck, shoulder, or back region
may easily distract a driver. Therefore, research was conducted to investigate the influence of muscle fatigue on driver’s
alertness state using surface EMG signals. EMG electrode was connected to driver’s bicep brachii for two hours during
a driving simulation to acquire the EMG signals. Next, the EMG signals were filtered based on time, frequency and
time-frequency domain analysis. Afterwards, Artificial Neural Network (ANN) feature selection and classification
method was implemented prior to applying EMG Signal Segmentation [21].
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Besides, a comparison analysis of machine learning methods to detect driver alertness using physiological sensors
(palm electrodermal activity (pEDA), heart rate and breathing rate) and visual sensors (eye tracking, pupil diameter,
nasal EDA (nEDA), emotional activation and facial action units (AUs)) was also conducted. Based on the performance
of classical machine learning methods i.e., decision tree, random forest, naive Bayes, k-Nearest neighbor, Support
Vector Machine, bagging, adaptive boosting (AdaBoost) and extreme gradient boosting (XGB), the study concluded
that XGB have the highest performance [46].

Apart from that, vision-based approach implementation has been reported to recognize the physiological parameters
for detecting driver lack of alertness or distraction. It has been demonstrated that both HR and RR are reliable predictors
of the driver's degree of attentiveness. A ballistocardiograph sensor detects HR by detecting the minute movements of
the body brought on by the heartbeat, while an electrocardiogram measures HR from the electrical potential of the heart
[11]. Furthermore, electrodermal activity (EDA) features was proposed in driver state management and predicting lane
takeover attempts. Skin conductance were obtained and decomposed into tonic and phasic components. Results suggest
that phasic component dominates changes in EDA and has the largest effect on driver’s alertness [47].

4.3. Driver Fatigue Monitoring

Long-haul driving i.e., in 3 hours puts drivers at risk for both mental and physical exhaustion. When a driver is on
the road for longer than three hours, fatigue happens more frequently [48]. Drivers who are exhausted have decreased
cognitive performance and are less alert. In most situations, measurements of the physiological signal produce solid
results to detect driver fatigueness [49]. Driver fatiguenss can be detected by monitoring changes in biological signals,
such as those produced by the electroencephalogram (EEG), electrocardiogram (ECG), electro-oculography (EoG),
and surface electromyogram (SEMG) [26]. Hence, ECG data was used to acquire patterns for assessing fatigue of the
driver based on the age, time spent in traffic congestion and pre-congestion state prior. The study revealed that 10-
12% of drivers begin to feel fatigue after 7—10 min trapped in traffic congestion [50] Besides that, continuous noise
may also induce driver fatigueness. An investigation based on EEG data was conducted to measure the changes of
brain wave activity when induced with broadband noise of 40 dBA, 55 dBA and 75 dBA during a 1.5-hour
monotonous drive. The study concludes that monotonous drive caused progressive increase of alpha activity which
represents driver fatigueness [51].

Earlier, two characteristics of EEG signals i.e., power spectral density (PSD) and sample entropy (SampEn) were
integrated to assess cognitive fatigueness [52]. Integration of EEG signals with other features including facial
expressions, yawning, and the percentage of eyelid closure over the pupil over time (PERCL0S) were also implemented
to determine a driver fatigue state [53].

Moreover, driver fatigue monitoring system can be classified into machine learning [54, 55] and deep learning [56].
Machine learning and data fusion techniques make it possible to detect fatigue more reliably and precisely [57]. For
example, EEG signals using gradient boosting decision tree model with sample entropy, fuzzy entropy, approximate
entropy, and spectral entropy as the inputs of a decision tree reported average driver fatigue detection accuracy of 94%
[55]. In another work, scalp electroencephalography (EEG) data was used to train Support Vector Machine to recognize
driver extreme fatigue state of 36 hours. The detection accuracy obtained was reported up to 86% [58]. Besides, a two-
level hierarchy Radial Basis Function (RBF) network known as RBF-TLLH has been designed for EEG-based driving
fatigue detection which outperformed other methods [59].

Additionally, Recurrent Network-based Convolutional Neural Networks (RN-CNN) was proposed using EEG
signals obtained during driving simulation. According to authors, the approach for detecting weariness has an average
recognition accuracy of 92.95 percent [60]. It is also proposed to use deep Convolutional Neural Network—Long Short-
Time Memory (CNN-LSTM) network to extract characteristics from raw EEG data to increase the accuracy of driver
mental fatigue detection [56].

In another work, a fast support vector machine (FSVM) algorithm based on EEG and EOG modal data was
implemented to recognize symptoms of driver fatigueness. When a symptom is visible, the driver and nearby vehicles
will be informed via loT technology [53]. On the other hand, the EEG signals were first reduced using the Weighted
Principal Component Analysis (WPCA) algorithm before applying SVM to detect fatigue driver. Drivers will be notified
and advised to reduce the vehicle speed, stop for a rest and at the same time, surrounding vehicles will be warned to take
precautions by transmitting the data to the traffic management platform [61].

Nevertheless, the execution is challenging since EEG data collection is generally using obtrusive method,
impractical to install [62] and substantial amounts of data must be gathered for reliable results [49]. Therefore, non-
obtrusive method was proposed which embeds surface EMG sensors in vehicle steering wheel to provide early driver
fatigueness [62]. For instance, flexible and thin electrodes made of polyurethane for long-term electrocardiogram
(ECG) was designed to monitor driver psychological state while driving under four different scenarios including rest,
city, highway, and rural [15].
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4.4. Driver Drowsiness

A driver who is continuously yawning, has slower ability to react, causes them to have difficulty focusing on the
road, and performs lazy steering. In addition, drivers also sway their head or body because they are falling asleep or
daydreaming, has trouble keeping the vehicle in one lane, and shows sign of confusion and frustration. These symptoms
indicate that a driver is feeling drowsy. Generally, a drive requires 0.15 second to respond and 0.15 second is critical to
avoid accident [22]. There is evidence to show that as automation levels increase, drivers will be much more likely to
nod off behind the wheel [63] Hence, previous research has been conducted to create reliable and efficient driver
drowsiness detection systems which aims to prevent road accidents. Psychological-based systems have implemented
ElectroEncephaloGram (EEG), ElectroOculoGram (EOG), ElectroCardioGram (ECG), skin temperature (ST), and
galvanic skin response (GSR), and ElectroMyoGram (EMG) [9]. These signals may also be integrated to improve the
accuracy of the detections. For instance, EEG and EOG signals were integrated to track the change in alpha waves and
differentiate the two alpha-related phenomenon i.e., alpha blocking and alpha wave attenuation disappearance
phenomenon in driver drowsiness detection [19].

In addition, heart rate (HR) and heart rate variability (HRV) analysis are also suggested for early detection of driver
drowsiness [64]. HRV data was extracted from ECG signals to assess the reliability of HRV to detect driver drowsiness
among alert and sleep deprive drivers in three actual road driving environment. The Karolinska Sleepiness Scale (KSS)
was used as a benchmark for training the classifiers including k-Nearest Neighbors, Support Vector Machine, AdaBoost,
and Random Forest. Results revealed that more factors need to be considered when using HRV to detect driver
drowsiness [13]. Factors like a secondary task, driving through difficult traffic circumstances or congestions or the use
of a driver aid system while driving may influence HR and HRV. The relationship between HRV and drowsiness was
examined using consumer wearable devices i.e., Garmin brand sports watches and Polar H10 chest bands for recording
RR intervals. Drowsy drivers for both manual and partially automated driving showed lower HR, increased HF, LF
power and LF/HF [65] In addition, relationship between HRV and the KSS is not influenced by different pre-processing
techniques for outlier heartbeat removal, spectrum transformation of HRV data [64].

Besides, an analysis of heart rate variability (HRV) has been used in [66] that provided an algorithm for detecting
drowsiness in drivers. Evaluation of the algorithm was validated by comparing HRV with electroencephalography
(EEG)-based sleep scoring from driving simulations. The study concluded that the HRV-based anomaly detection
framework that was originally proposed for epileptic seizure prediction can be adapted for detecting driver drowsiness.
Transitions between different drowsiness stages were also investigated based on Heart Rate Variability (HRV) and
Electroencephalography (EEG). Eye blinks information extracted from video and subjective information were combined
with the physiological data to increase the detection of driver drowsiness state [67]. EEG is said to be indispensable for
accurate driver drowsiness detection system. Without EEG, a driver may be falsely classified as drowsy whenever he
closes his eyes [63]. Also, a prototype built on PPG signals are usually acquired from the driver’s hand palm. The PPG
signal was analyzed based on heartbeat pulse duration and other waveform shape parameters to drowsy driver detection
accuracy and time [25].

Moreover, alternative approaches for detecting driver drowsiness that are based on the grip or pressure applied to
the steering wheel have been studied. Microneedle electrode (MNE) was used to acquire the EMG signal of the muscles
from the forearm position of the driver. The results show that when the driver’s pressure on the steering wheel decreased,
the driver drowsiness level increased [68]. Driver’s EMG was also studied with respiration, electrodermal activity
(EDA), and electrocardiography (ECG) to determine potential physiological indictors for driver drowsiness detection
during simulated autonomous driving scenario. The findings suggested that EDA and ECG characteristics may be used
to identify driver drowsiness state when autonomous driving is activated [63].

Additionally, a driver drowsiness detection system was developed based on extracted features from EOG signals.
The EOG signal acquisition circuit was designed based on ATmega2560 microcontroller on the Arduino board. The
study found that k-Nearest Neighbors classifier (KNN) used to detect driver drowsiness achieved 95.34% accuracy [22].
However, when EEG and EOG features as well as contextual information provide input to classifiers including k-Nearest
Neighbor (k-NN), Support Vector Machine (SVM), case based reasoning (CBR) and Random Forest (RF), the SVM
results are most stable and obtained highest accuracy amongst other classifiers with 93% [69] Besides that, using
combined Functional Brain Network (FBN) i.e., synchronization likelihood (SL) and minimum spanning tree (MST) as
feature selection algorithm increase the accuracy of SVM, KNN, Logistic Regression (LR) and Decision Trees (DT) in
detecting driver drowsiness from EEG signals which were acquired and decomposed into multiple frequency bands by
wavelet packet transform (WPT). Result shows that integration of SL and MST with the KNN classifier gives the highest
precision of 98.3% [70].

4.5. Drunk Driving Monitoring

Driving under the influence of alcohol is largely focused on the detection of a driver's blood alcohol concentration
(BAC) by either functional or behavioral measures. An alcohol concentration monitoring tool by measuring the
physiological data of a driver through steering and sensors (e.g., heart rate, respiration, blood pressure, and temperature)
was proposed. Based on the experimental results, the proposed method has 95% accuracy rate [71].
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Besides, a detection system for alcohol excess in drivers was designed by measuring EEG, ECG and heart rate data.
This measurement was used as input to determine alcohol consumption under a simulated driving environment. The
experiment results demonstrate that physiological data and driving performance can evaluate even a low dose of alcohol
consumption of 0.03% BAC level [72].

A prediction tool for drunk driving using physiological measurement data (e.g., EMG, EDA and PPG) and driving
performance is presented. The proposed approach employs the SVM algorithm to develop a more accurate prediction
model. The experimental result demonstrates that the SVM classification correctly identified normal driving and driving
while under the influence of alcohol with an accuracy of 70% [64, 73]. Later, a non-invasive alcohol detection tool using
PPG signal data was proposed to include classification models using generalized linear (GLM) classifiers the
experimental outcome indicates that the proposed approach has a potential screening test to classify people who
consumed and non-consumed alcohol [74]. The alcohol consumption can also be identified by measuring the ECG, PPG,
and alcohol concentration levels. The proposed approach was developed using the optimized SVM method to verify the
identification performance. The experimental result shows that the proposed system has achieved 95% accuracy [75].

Another set of physiological data was utilized to detect alcohol consumption which includes EEG, EDA and cardiac
activity as well as vehicle data (e.g., speed, lateral positioning and wheel steering). These parameters were used to
calibrate machine learning models for predicting blood alcohol content (BAC) and functional states (e.g., performance
and alertness). Experimental results demonstrate that the suggested method is effective, with an accuracy of 0.714 for
BAC detection and an accuracy of 0.877 to 0.907 for functional state detection [76]. Moreover, a sobriety detection tool
that employs using a PPG signal to detect an individual’s BAC level shows that the tool is feasible for BAC level
identification has been achieved with an accuracy of 85% [77]. In addition, an alcohol sensing tool that processes the
data generated from EEG signals using machine learning algorithms (e.g., FURIA, Decision Tree, Random Forest and
Bagging) is claimed to be more substantial with Random Forest, which achieves the highest identification accuracy and
lowest error rate [78].

Combination of EEG, EDA, respiratory and skin temperature signals through SVM classification was also
investigated for identifying the alcohol concentration of an individual. Results of the experiment demonstrate that the
proposed method could predict alcohol concentration through changes in physiological data [79]. Additionally, a non-
contact drunk driving monitoring technique was proposed using ECG and radar-based Doppler Cardiogram (DCG)
signal data. The experimental result shows that the proposed approach provided accurate readings of HRV variation
before and after alcohol intoxication [80].

5. Discussions

Commercial products are normally coupled with the implementation of vehicle-based driver monitoring systems
to promote a safer driving experience for vehicle owners. These products are often referred to as "advanced driver
assistance systems" and include features such as "lane keep assist,” which will be activated in the event that the vehicle
is recognized to have deviated out of its lane accidentally. This problem may occur when a driver is distracted or
drowsy. For instance, STEER is a wearable product that combines EDA with HR to detect driver drowsiness. When
a driver is detected as being drowsy, STEER will produce a gentle electric impulse and vibrate. Neurocom requires a
GSR wristband and ring. Another example is known as StopSleep, which has 8 built-in electrodermal sensors to
continuously analyze and measure skin conductivity to avoid microsleep and keep drivers’ alert. A vibration signal of
2-5 minutes will be produced as the first level of warning, and a loud beep with vibration will be triggered as the
second level of warning.

Various features have been explored to propose the implementation of physiological indicators for driver monitoring
systems. These features could vary depending on environment, pre-processing, and feature selection methods as well as
experiments set-ups. Moreover, physiological signals, especially EOG and EEG, are more intrusive. Although dry
electrodes are useful for gathering physiological data while driving, intrusive signal collection is still favored and more
frequently used since the non-intrusive sensors’ accuracy depends on the vehicle's positioning. When it comes to the
execution of procedures in a vehicle context, hybrid methods could be more practical to implement. The implementation
of machine learning classifiers may also be influenced by the amount of data. Experiments and driving simulation studies
also often include a limited number of test subjects. Hence, it is not possible to generalize the results to a larger
population.

From the literature, most studies focused on driving simulations compared to actual on-road testing. The number
of participants was also minimal. The pre-requisites or preparation of the participants also differ. This may be due
to limitations in recruiting more participants, including the cost to conduct experiments in an actual road
environment. Moreover, since many past methods used an obtrusive approach, there may be a loss of data from the
sensors. Hence, whenever possible, physiological data should be collected in the actual driving environment during
daytime and nighttime. Moreover, subjective information will provide more insights into the physiological state of
drivers, which may be influenced by many confounding factors in different situations and times. The analysis of the
data should use appropriate model validation and proper feature selection methods. Incorporating more than one
physiological signal may also overcome the disadvantage of an intrusive approach. Nevertheless, these types of
models are complex and costly.
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Limited datasets from actual road experiments pose a challenge for machine learning approaches like deep learning
to generate a reliable outcome to be implemented in actual driver monitoring systems (DMS). Besides that, access to
the current vehicle-based DMS is also limited. Researchers have none or limited resources to assess the performance of
the proposed physiological-based DMS with actual vehicle ergonomics. Hence, a fusion of physiological indicators with
vehicle-based DMS that may demonstrate the potential of DMS to mitigate risks related to driving behavior and driver
wellness is challenging.

Additionally, previous studies have used their own specific simulation or experimental setup with different
participant’s attributes, including type, age, gender, driving history, health, etc. Therefore, the studies lack homogeneity
to be implemented on a larger scale, and different countries require different impact measures.

6. Conclusion

Driving is a complex task that requires the full attention of the driver. However, many drivers are known to be
distracted, feeling drowsy, tired, or driving under the influence of alcohol or drugs, which have contributed to the
increasing number of global road accidents. Hence, driver monitoring systems have been introduced in the market by
auto manufacturers to reduce the accidents rate. The previous work in DMS focused on behavior or visual approach that
acquires data from cameras installed in vehicles and vehicle-based approaches that placed sensors in vehicle
compartments. Hence, this scoping review analyses recent five years’ literature related to driver monitoring systems and
identified physiological-based systems or tools proposed to monitor a driver’s state in promoting safe road environment.
Physiological-based DMS has been reported to have higher reliability compared to the two prior approaches. Our aim
here is to assess driver alertness, driver fatigue, driver drowsiness, and drunk driving. Apart from that, the challenges
associated with monitoring a driver’s physiological state in the context of a moving vehicle were also presented and
discussed. The most significant difficulties will arise throughout the process of bringing the task undertaken in a
simulation environment to the real road environment and, eventually, during the deployment on a large scale. The
incorporation of machine learning techniques into physiological-DMS has resulted in an increase in the accuracy of
detection based on the study of physiological signals and analysis. However, more research has to be carried out to
investigate the performance of the classifiers in real-world road environments.

7. Declarations

7.1. Author Contributions

Conceptualization, S.F.A.R. and S.Y.; methodology, S.F.A.R.; software, S.Y.; validation, N.H.K., and A A.A,;
formal analysis, S.F.A.R. and S.Y.; investigation, N.H.K. and A.A.A.; resources, A.A.A.; data curation, N.H.K. and
M.F.A.A.; writing—original draft preparation, S.F.A.R. and S.Y.; writing—review and editing, M.F.A.A., A.AA., and
N.H.K.; visualization, S.F.A.R.; supervision, S.F.A.R.; project administration, M.F.A.A.; funding acquisition, S.F.A.R,
and A.A.A. All authors have read and agreed to the published version of the manuscript.

7.2. Data Availability Statement

Data sharing is not applicable to this article.

7.3. Funding

This research was supported by Telekom Malaysia Research and Development (TM R&D), Grant No
RDTC/221046.

7.4. Acknowledgements

Authors would like to thank Centre for Intelligent Cloud Computing (CICC) and Multimedia University (MMU) for
the support and encouragement.

7.5. Conflicts of Interest

The authors declare no conflict of interest.

8. References

[1] Guettas, A., Ayad, S., & Kazar, O. (2019). Driver State Monitoring System. Proceedings of the 4" International Conference on
Big Data and Internet of Things, 28, 1-7. doi:10.1145/3372938.3372966.

[2] Halin, A., Verly, J. G., & Van Droogenbroeck, M. (2021). Survey and synthesis of state of the art in driver monitoring. Sensors,
21(16), 5558. doi:10.3390/s21165558.

[3] Lobo, A., Ferreira, S., & Couto, A. (2020). Exploring monitoring systems data for driver distraction and drowsiness research.
Sensors (Switzerland), 20(14), 1-15. d0i:10.3390/s20143836.

3963



Civil Engineering Journal Vol. 8, No. 12, December, 2022

[4] Manstetten, D., Beruscha, F., Bieg, H. J., Kobiela, F., Korthauer, A., Krautter, W., & Marberger, C. (2020). The Evolution of
Driver Monitoring Systems: A Shortened Story on Past, Current and Future Approaches How Cars Acquire Knowledge About
the Driver's State. 22 International Conference on Human-Computer Interaction with Mobile Devices and Services.
d0i:10.1145/3406324.3425896.

[5] Meteier, Q., Capallera, M., Ruffieux, S., Angelini, L., Abou Khaled, O., Mugellini, E., Widmer, M., & Sonderegger, A. (2021).
Classification of Drivers’” Workload Using Physiological Signals in Conditional Automation. Frontiers in Psychology, 12.
doi:10.3389/fpsyg.2021.596038.

[6] Castro, I. D., Mercuri, M., Patel, A., Puers, R., Van Hoof, C., & Torfs, T. (2019). Physiological driver monitoring using
capacitively coupled and radar sensors. Applied Sciences (Switzerland), 9(19), 3994. doi:10.3390/app9193994.

[7] Doudou, M. S., Bouabdallah, A., & Cherfaoui, V. (2018). A light on physiological sensors for efficient driver drowsiness detection
system. Sensors & Transducers Journal, 224(8), 39-50.

[8] Darzi, A., Gaweesh, S. M., Ahmed, M. M., & Novak, D. (2018). Identifying the causes of drivers’ hazardous states using driver
characteristics, vehicle kinematics, and physiological measurements. Frontiers in Neuroscience, 12. doi:10.3389/fnins.2018.00568.

[9] Chowdhury, A., Shankaran, R., Kavakli, M., & Haque, M. M. (2018). Sensor Applications and Physiological Features in Drivers’
Drowsiness Detection: A Review. IEEE Sensors Journal, 18(8), 3055-3067. doi:10.1109/JSEN.2018.2807245.

[10] Arakawa, T. (2021). A review of heartbeat detection systems for automotive applications. Sensors, 21(18), 6112.
doi:10.3390/s21186112.

[11] Guo, K., Zhai, T., Purushothama, M. H., Dobre, A., Meah, S., Pashollari, E., Vaish, A., Dewilde, C., & Islam, M. N. (2022).
Contactless Vital Sign Monitoring System for In-Vehicle Driver Monitoring Using a Near-Infrared Time-of-Flight Camera.
Applied Sciences (Switzerland), 12(9). doi:10.3390/app12094416.

[12] Radhakrishnan, V., Merat, N., Louw, T., Gongalves, R. C., Torrao, G., Lyu, W., Puente Guillen, P., & Lenné, M. G. (2022).
Physiological indicators of driver workload during car-following scenarios and takeovers in highly automated driving.
Transportation Research Part F: Traffic Psychology and Behaviour, 87, 149-163. doi:10.1016/j.trf.2022.04.002.

[13] Persson, A., Jonasson, H., Fredriksson, I., Wiklund, U., & Ahlstrom, C. (2021). Heart Rate Variability for Classification of Alert
Versus Sleep Deprived Drivers in Real Road Driving Conditions. IEEE Transactions on Intelligent Transportation Systems,
22(6), 3316-3325. doi:10.1109/T1TS.2020.2981941.

[14] Murugan, S., Selvaraj, J., & Sahayadhas, A. (2019). Analysis of Different Measures to Detect Driver States: A Review. 2019
IEEE International Conference on System, Computation, Automation and Networking (ICSCAN), Pondicherry, India.
doi:10.1109/icscan.2019.8878844.

[15] Warnecke, J. M., Ganapathy, N., Koch, E., Dietzel, A., Flormann, M., Henze, R., & Deserno, T. M. (2022). Printed and Flexible
ECG Electrodes Attached to the Steering Wheel for Continuous Health Monitoring during Driving. Sensors, 22(11), 4198.
doi:10.3390/s22114198.

[16] Wang, C. S., Huang, Y. C., Wang, T. W., & Lee, S. H. (2019). Monitor a driver behavior by ECG measurement. International
Journal of Information and Education Technology, 9(3), 184-188. doi:10.18178/ijiet.2019.9.3.1196.

[17] Balam, V. P., & Chinara, S. (2021). Development of single-channel electroencephalography signal analysis model for real-time
drowsiness detection. Physical and Engineering Sciences in Medicine, 44(3), 713-726. doi:10.1007/s13246-021-01020-3.

[18] Balandong, R. P., Ahmad, R. F., Saad, M. N. M., & Malik, A. S. (2018). A review on EEG-based automatic sleepiness detection
systems for driver. leee Access, 6, 22908-22919. doi:10.1109/ACCESS.2018.2811723.

[19] Jiao, Y., Deng, Y., Luo, Y., & Lu, B. L. (2020). Driver sleepiness detection from EEG and EOG signals using GAN and LSTM
networks. Neurocomputing, 408, 100-111. doi:10.1016/j.neucom.2019.05.108.

[20] Bulagang, A. F., Weng, N. G., Mountstephens, J., & Teo, J. (2020). A review of recent approaches for emotion classification
using electrocardiography and electrodermography signals. Informatics in Medicine Unlocked, 20, 100363.
doi:10.1016/j.imu.2020.100363.

[21] Rahman, N.A.A., Mustafa, M., Sulaiman, N., Samad, R., Abdullah, N.R.H. (2022). EMG Signal Segmentation to Predict
Driver’s Vigilance State. Human-Centered Technology for a Better Tomorrow. Lecture Notes in Mechanical Engineering,
Springer, Singapore. doi:10.1007/978-981-16-4115-2_3.

[22] Hayawi, A. A., & Waleed, J. (2019). Driver's drowsiness monitoring and alarming auto-system based on EOG signals. 2019 2™
International Conference on Engineering Technology and its Applications (IICETA). doi:10.1109/1ICETA47481.2019.9013000.

[23] Bhardwaj, R., Parameswaran, S., & Balasubramanian, V. (2018). Comparison of Driver Fatigue Trend on simulator and on-road
driving based on EMG correlation. 2018 IEEE 13™ International Conference on Industrial and Information Systems (ICIIS).
doi:10.1109/iciinfs.2018.8721431.

3964


https://doi.org/10.1016/j.imu.2020.100363

Civil Engineering Journal Vol. 8, No. 12, December, 2022

[24] Rahman, H., Ahmed, M. U., & Begum, S. (2020). Non-Contact Physiological Parameters Extraction Using Facial Video
Considering Illumination, Motion, Movement and Vibration. IEEE Transactions on Biomedical Engineering, 67(1), 88-98.
doi:10.1109/TBME.2019.2908349.

[25] Amidei, A., Fallica, P. G., Conoci, S., & Pavan, P. (2021). Validating Photoplethysmography (PPG) data for driver drowsiness
detection. 2021 IEEE International Workshop on Metrology for Automotive (MetroAutomotive), Bologna, Italy.
doi:10.1109/metroautomotive50197.2021.9502865.

[26] Sikander, G., & Anwar, S. (2019). Driver Fatigue Detection Systems: A Review. IEEE Transactions on Intelligent Transportation
Systems, 20(6), 2339-2352. doi:10.1109/T1TS.2018.2868499.

[27] Arksey, H., & O’Malley, L. (2005). Scoping studies: Towards a methodological framework. International Journal of Social
Research Methodology: Theory and Practice, 8(1), 19-32. doi:10.1080/1364557032000119616.

[28] Tricco, A. C., Lillie, E., Zarin, W., O’Brien, K. K., Colquhoun, H., Levac, D., Moher, D., Peters, M. D. J., Horsley, T., Weeks,
L., Hempel, S., Akl, E. A., Chang, C., McGowan, J., Stewart, L., Hartling, L., Aldcroft, A., Wilson, M. G., Garritty, C., ...
Straus, S. E. (2018). PRISMA Extension for Scoping Reviews (PRISMA-ScR): Checklist and Explanation. Annals of Internal
Medicine, 169(7), 467-473. doi:10.7326/m18-0850.

[29] Ouzzani, M., Hammady, H., Fedorowicz, Z., & Elmagarmid, A. (2016). Rayyan-a web and mobile app for systematic reviews.
Systematic Reviews, 5(1). doi:10.1186/s13643-016-0384-4.

[30] van Eck, N. J., & Waltman, L. (2010). Software survey: VOSviewer, a computer program for bibliometric mapping.
Scientometrics, 84(2), 523-538. doi:10.1007/s11192-009-0146-3.

[31] Choi, G., Lim, K., & Pan, S. B. (2022). Driver Identification System Using 2D ECG and EMG Based on Multistream CNN for
Intelligent Vehicle. IEEE Sensors Letters, 6(6), 6001904. doi:10.1109/LSENS.2022.3175787.

[32] Choi, G. H., Lim, K., & Pan, S. B. (2020). Driver Identification System Using Normalized Electrocardiogram Based on Adaptive
Threshold Filter for Intelligent Vehicles. Sensors, 21(1), 202. doi:10.3390/s21010202.

[33] Inalegwu, O. C., Maliki, D., Agajo, J., Ajao, L. A., & Abu, A. D. (2018). (2018). Fingerprint Based Driver’S Identification
System. I-Manager’s Journal on Pattern Recognition, 5(2), 30. doi:10.26634/jpr.5.2.15730.

[34] Lin, X., Zhang, K., Cao, W., & Zhang, L. (2018). Driver Evaluation and Identification Based on Driving Behavior Data. 2018
5th International Conference on Information Science and Control Engineering (ICISCE). doi:10.1109/icisce.2018.00154.

[35] Ezzini, S., Berrada, 1., & Ghogho, M. (2018). Who is behind the wheel? Driver identification and fingerprinting. Journal of Big
Data, 5(1). doi:10.1186/s40537-018-0118-7.

[36] Thanda Swe, K., & Kyaw, T. (2020). Fingerprint RFID Recognition System. International Journal of Creative and Innovative
Research, 3(1), 21-25.

[37] Santos, A., Medeiros, I., Resque, P., Rosério, D., Nogueira, M., Santos, A., Cerqueira, E., & Chowdhury, K. R. (2018). ECG-
Based User Authentication and Identification Method on VANETSs. Proceedings of the 10" Latin America Networking
Conference. doi:10.1145/3277103.3277138.

[38] Zero, E., Bersani, C., & Sacile, R. (2021). EEG Real Time Analysis for Driver's Arm Movements Identification. Sensors &
Transducers, 251(4), 11-18.

[39] Karumudi, B. R., Gist, P., Shahzad, M. Q., & Wagner, G. M. (2019). Biometric Authentication for Automobiles. Syracuse
University, New York, United States.

[40] Rundo, F., & Battiato, S. (2022). Deep Learning Sobriety Monitoring System in Road-driven Car Driving Risk Assessment
Pipeline. 2022 5th International Conference on Circuits, Systems and Simulation, ICCSS 2022, 166-172.
doi:10.1109/ICCSS55260.2022.9802349.

[41] Vismaya, U. K., & Saritha, E. (2020). A Review on Driver Distraction Detection Methods. 2020 International Conference on
Communication and Signal Processing (ICCSP). doi:10.1109/iccsp48568.2020.9182316.

[42] Ghandour, R., Neji, B., El-Rifaie, A. M., & Al Barakeh, Z. (2020). Driver Distraction and Stress Detection Systems: A Review.
International Journal of Engineering and Applied Sciences (IJEAS), 7(4), 39-46. doi:10.31873/ijeas.7.04.10.

[43] Moslemi, N., Soryani, M., & Azmi, R. (2021). Computer vision-based recognition of driver distraction: A review. Concurrency
and Computation: Practice and Experience, 33(24). doi:10.1002/cpe.6475.

[44] Zheng, W. L., Gao, K., Li, G., Liu, W, Liu, C., Liu, J. Q., Wang, G., & Lu, B. L. (2020). Vigilance Estimation Using a Wearable
EOG Device in Real Driving Environment. IEEE Transactions on Intelligent Transportation Systems, 21(1), 170-184.
doi:10.1109/T1TS.2018.2889962.

[45] Song, K., Zhou, L., & Wang, H. (2021). Deep coupling recurrent auto-encoder with multi-modal EEG and EOG for vigilance
estimation. Entropy, 23(10), 1316. doi:10.3390/623101316.

3965



Civil Engineering Journal Vol. 8, No. 12, December, 2022

[46] Gjoreski, M., Gams, M. Z., Lustrek, M., Genc, P., Garbas, J. U., & Hassan, T. (2020). Machine Learning and End-to-End Deep
Learning for Monitoring Driver Distractions from Physiological and Visual Signals. IEEE Access, 8, 70590-70603.
doi:10.1109/ACCESS.2020.2986810.

[47] Li, P., Li, Y., Yao, Y., Wu, C., Nie, B., & Li, S. E. (2022). Sensitivity of Electrodermal Activity Features for Driver Arousal
Measurement in Cognitive Load: The Application in Automated Driving Systems. IEEE Transactions on Intelligent
Transportation Systems, 23(9), 14954-14967. doi:10.1109/TITS.2021.3135266.

[48] Kang, Z., & Yang, X. (2020). Fatigue Driving Characteristics Analysis Based on Data of Driver Monitoring System. CICTP
2020. d0i:10.1061/9780784482933.370.

[49] Laouz, H., Ayad, S., & Terrissa, L. S. (2020). Literature Review on Driver’s Drowsiness and Fatigue Detection. 2020
International Conference on Intelligent Systems and Computer Vision (ISCV). doi:10.1109/iscv49265.2020.9204306.

[50] Gyulyev, N., Galkin, A., Schlosser, T., Capayova, S., Lobashov, O. (2022). Assessing Driver Fatigue during Urban Traffic
Congestion Using ECG Method. Dynamics in Logistics. LDIC 2022. Lecture Notes in Logistics, Springer, Cham, Switzerland.
doi:10.1007/978-3-031-05359-7_36.

[51] Low, I., Molesworth, B. R. C., & Burgess, M. (2021). The fatiguing effect of broadband noise: An EEG-based study. Accident
Analysis & Prevention, 151, 105901. doi:10.1016/j.aap.2020.105901.

[52] Wang, H., Dragomir, A., Abbasi, N. I., Li, J., Thakor, N. V., & Bezerianos, A. (2018). A novel real-time driving fatigue detection
system based on wireless dry EEG. Cognitive Neurodynamics, 12(4), 365-376. doi:10.1007/s11571-018-9481-5.

[53] Liu, L., Ji, Y., Gao, Y., Ping, Z., Kuang, L., Li, T., & Xu, W. (2021). A Novel Fatigue Driving State Recognition and Warning
Method Based on EEG and EOG Signals. Journal of Healthcare Engineering, 2021. doi:10.1155/2021/7799793.

[54] Jiang, Y., Zhang, Y., Lin, C., Wu, D., & Lin, C. T. (2021). EEG-Based Driver Drowsiness Estimation Using an Online Multi-
View and Transfer TSK Fuzzy System. IEEE Transactions on Intelligent Transportation Systems, 22(3), 1752-1764.
doi:10.1109/T1TS.2020.2973673.

[55] Hu, J., & Min, J. (2018). Automated detection of driver fatigue based on EEG signals using gradient boosting decision tree
model. Cognitive Neurodynamics, 12(4), 431-440. doi:10.1007/s11571-018-9485-1.

[56] Sheykhivand, S., Rezaii, T. Y., Mousavi, Z., Meshgini, S., Makouei, S., Farzamnia, A., Danishvar, S., & Teo Tze Kin, K. (2022).
Automatic Detection of Driver Fatigue Based on EEG Signals Using a Developed Deep Neural Network. Electronics
(Switzerland), 11(14), 2169. doi:10.3390/electronics11142169.

[57] Nemcova, A., Svozilova, V., Bucsuhazy, K., Smisek, R., Mezl, M., Hesko, B., Belak, M., Bilik, M., Maxera, P., Seitl, M.,
Dominik, T., Semela, M., Sucha, M., & Kolar, R. (2021). Multimodal Features for Detection of Driver Stress and Fatigue:
Review. IEEE Transactions on Intelligent Transportation Systems, 22(6), 3214—-3233. doi:10.1109/TITS.2020.2977762.

[58] Chaudhuri, A., & Routray, A. (2020). Driver Fatigue Detection through Chaotic Entropy Analysis of Cortical Sources Obtained
from Scalp EEG Signals. IEEE Transactions on Intelligent Transportation Systems, 21(1), 185-198.
doi:10.1109/T1TS.2018.2890332.

[59] Ren, Z., Li, R, Chen, B., Zhang, H., Ma, Y., Wang, C., Lin, Y., & Zhang, Y. (2021). EEG-Based Driving Fatigue Detection
Using a Two-Level Learning Hierarchy Radial Basis Function. Frontiers in Neurorobotics, 15. doi:10.3389/fnbot.2021.618408.

[60] Gaio, A., & Cugurullo, F. (2022). Cyclists and autonomous vehicles at odds: Can the Transport Oppression Cycle be Broken in
the Era of Artificial Intelligence?. Al & Society, 1-15. doi:10.1007/s00146-022-01538-4.

[61] Dong, N., Li, Y., Gao, Z., Ip, W. H., & Yung, K. L. (2019). A WPCA-based method for detecting fatigue driving from EEG-
based internet of vehicles system. IEEE Access, 7, 124702-124711. doi:10.1109/ACCESS.2019.2937914.

[62] Lu, J., Zheng, X., Tang, L., Zhang, T., Sheng, Q. Z., Wang, C., Jin, J., Yu, S., & Zhou, W. (2021). Can Steering Wheel Detect
Your Driving Fatigue? IEEE Transactions on Vehicular Technology, 70(6), 5537-5550. doi:10.1109/tvt.2021.3072936.

[63] Warle, J., Metz, B., Thiele, C., & Weller, G. (2019). Detecting sleep in drivers during highly automated driving: The potential
of physiological parameters. IET Intelligent Transport Systems, 13(8), 1241-1248. doi:10.1049/iet-its.2018.5529.

[64] Buendia, R., Forcolin, F., Karlsson, J., Arne Sjoqvist, B., Anund, A., & Candefjord, S. (2019). Deriving heart rate variability
indices from cardiac monitoring—An indicator of driver sleepiness. Traffic Injury Prevention, 20(3), 249-254.
doi:10.1080/15389588.2018.1548766.

[65] Lu, K., Karlsson, J., Dahlman, A. S., Sjogvist, B. A., & Candefjord, S. (2022). Detecting Driver Sleepiness Using Consumer
Wearable Devices in Manual and Partial Automated Real-Road Driving. IEEE Transactions on Intelligent Transportation
Systems, 23(5), 4801-4810. doi:10.1109/T1TS.2021.3127944.

[66] Fujiwara, K., Abe, E., Kamata, K., Nakayama, C., Suzuki, Y., Yamakawa, T., Hiraoka, T., Kano, M., Sumi, Y., Masuda, F.,
Matsuo, M., & Kadotani, H. (2019). Heart Rate Variability-Based Driver Drowsiness Detection and Its Validation with EEG.
IEEE Transactions on Biomedical Engineering, 66(6), 1769-1778. doi:10.1109/TBME.2018.2879346.

3966



Civil Engineering Journal Vol. 8, No. 12, December, 2022

[67] Antunes, A. R., Meneses, M. V. P. R., Goncalves, J., & Braga, A. C. (2022). An Intelligent System to Detect Drowsiness at the
Wheel. 2022 10th International Symposium on Digital Forensics and Security (ISDFS). doi:10.1109/isdfs55398.2022.9800836.

[68] Chen, H., & Chen, L. (2017). Support vector machine classification of drunk driving behaviour. International Journal of
Environmental Research and Public Health, 14(1). doi:10.3390/ijerph14010108.

[69] Barua, S., Ahmed, M. U., Ahlstrém, C., & Begum, S. (2019). Automatic driver sleepiness detection using EEG, EOG and
contextual information. Expert Systems with Applications, 115, 121-135. doi:10.1016/j.eswa.2018.07.054.

[70] Chen, J., Wang, H., & Hua, C. (2018). Assessment of driver drowsiness using electroencephalogram signals based on multiple
functional brain networks. International Journal of Psychophysiology, 133, 120-130. doi:10.1016/j.ijpsycho.2018.07.476.

[71] Rachakonda, L., Mohanty, S. P., Kougianos, E., & Sayeed, M. A. (2020). Smart-Steering: An loMT-Device to Monitor Blood
Alcohol Concentration using Physiological Signals. 2020 IEEE International Conference on Consumer Electronics (ICCE).
d0i:10.1109/icce46568.2020.9043045.

[72] Subramaniyam, M., Kim, S. E., Min, S. N., Lee, H., Hong, S. H., & Park, S. J. (2018). Study of effects of blood alcohol
consumption (BAC) level on drivers physiological behavior and driving performance under simulated environment. International
Journal of Engineering and Technology (UAE), 7(2), 86-91. doi:10.14419/ijet.v7i2.8.10336.

[73] Xing, Q., Chen, Z., Zhang, Z., Wang, R., & Zhang, T. (2021). Modelling driving and charging behaviours of electric vehicles
using a data-driven approach combined with behavioural economics theory. Journal of Cleaner Production, 324, 129243.
doi:10.1016/j.jclepro.2021.129243.

[74] Sanguansri, P., Apiwong-Ngam, N., Ngamjarurojana, A., & Choopun, S. (2022). Development of non-invasive alcohol analyzer
using Photoplethysmographytle. Journal of Physics: Conference Series, 2145(1). doi:10.1088/1742-6596/2145/1/012059.

[75] Wang, W. F., Yang, C. Y., & Wu, Y. F. (2018). SVM-based classification method to identify alcohol consumption using ECG
and PPG monitoring. Personal and Ubiquitous Computing, 22(2), 275-287. doi:10.1007/s00779-017-1042-0.

[76] Evin, M., Taillard, J., De la Fuente, H. L., Galy, E., & Berthelon, C. (2018). Detection of functional state after alcohol
consumption by classification and machine learning technics. In 2018 IEEE International Conference on Bioinformatics and
Biomedicine (BIBM), 2237-2242. doi:10.1109/BIBM.2018.8621310.

[77] Chen, Y. Y., Lin, C. L., Lin, Y. C., & Zhao, C. (2018). Non-invasive detection of alcohol concentration based on
photoplethysmogram signals. IET Image Processing, 12(2), 188-193. doi:10.1049/iet-ipr.2017.0625.

[78] Chhabra, G., Sapra, V., Sharma, R., Bansal, R., Joshi, M., & Joshi, K. (2021). Design Engineering Eye State Classification
Based on EEG Signals. Design Engineering, 6, 2544-2551.

[79] Won Park, S., won Choi, J., Hyun Kim, T., Hun Seo, J., Gyu Jeong, M., In Lee, K., & Sung Kim, H. (2022). Prediction of
Alcohol Consumption Based on Biosignals and Assessment of Driving Ability According to Alcohol Consumption. Journal of
Biomedical Engineering Research, 43, 27-34. doi:10.9718/JBER.2022.43.1.27.

[80] Ye, Y., Ma, L., Liu, J., Zhang, Z., Gu, C., & Mao, J. F. (2022). A Novel Non-Contact Drunkenness Monitoring Technique Based
on A 24-GHz Interferometric Radar System. 2022 IEEE MTT-S International Microwave Biomedical Conference, IMBioC
2022, 296-298. doi:10.1109/IMBi0C52515.2022.9790121.

3967



