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Abstract: Drivers are held responsible for the vast majority of traffic crashes. Although most of
the errors causing these accidents are involuntary, a significant number of them are caused by
irresponsible driving behaviors, which must be utterly preventable. Irresponsible driving, on the
other hand, is often associated with driver stress and the impatience they show while driving. In
this paper, we consider the factors that cause drivers to become impatient and experience stress and
propose an integrated fuzzy logic system that determines the stress level in real time. Based on the
stress level, the proposed system can take the appropriate action that improves the driving situation
and consequently road safety. By using inputs, such as the unnecessary maneuvers that drivers
make, the time pressure, and the number of times they are forced to stop, a fuzzy logic controller
determines the driver’s impatience, which is then considered alongside other factors, such as the
driving experience and history, the behavior of other drivers, and the traffic condition to determine
the stress level. We show, through simulations, the feasibility of the proposed approach to accurately
determine driver stress and demonstrate some actions that can be performed when stress exceeds
certain levels.

Keywords: IoV; fuzzy logic; driver stress; impatience; traffic condition; irresponsible behavior;
unnecessary maneuvers; time pressure; driving experience; driving history

1. Introduction

The iterative advances in inter-vehicular networking technologies and Artificial In-
telligence (AI) are paving the way, not only for a complete deployment of connected cars
but also for reaching a bigger goal, that of transforming mobility and transportation via
self-driving cars.

Nonetheless, even if the automotive industry properly establishes all the technical
aspects to make fully autonomous vehicles a reality, there will still be one huge obstacle, the
infrastructure. Building the required infrastructure is expected to take years to decades even
in the most developed countries; and considering that 93% of the world’s road fatalities
occur in low- and middle-income countries [1], driver assistance systems and vehicular
networks should remain in focus for the foreseeable future.

Driver assistance systems are intelligent systems implemented in vehicles that improve
driving safety by assisting drivers in a myriad of ways. Since they reside mostly inside cars,
they do not depend on the infrastructure as much as self-driving cars do [2]. Furthermore,
many driver assistance systems can be deployed with fewer costs and, thus, are a feasible
alternative for the low- and middle-income countries to reduce traffic accidents significantly.

Vehicular networks, on the other hand, aim not only at reducing car accidents but also at
increasing traffic flow and improving the traveling experience for drivers and passengers [3–5].
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In vehicular networks, vehicles act as network nodes whereby they communicate with ad-
jacent vehicles, infrastructure, pedestrians, and the network to share important information
concerning various applications.

By leveraging the data acquired by other vehicles and infrastructure and the ones
made available by the network, driving assistance systems can make better decisions and
offer more services, thus providing drivers with enhanced applications and experience.
These data range from simple information, such as traffic and road condition messages to a
complete perception of the surrounding environment obtained through cameras, further
improving road safety.

Nevertheless, there are other events and factors that cause car accidents, and the
drivers and their behavior are among the critical reasons. In fact, according to the traffic
safety facts provided by a survey of the U.S. Department of Transportation [6], the drivers
are the immediate reason for more than 94% of the investigated car crashes. The driver-
related errors are broadly categorized into recognition errors (e.g., inattentive driving,
distracted driving, and inadequate surveillance), decision errors (i.e., misjudgment of the
driving situations), performance errors (overcompensation, poor directional control, etc.),
and non-performance errors (fatigue, sleep, etc.) [6–9]. Although most of these errors
are involuntary, many often come due to irresponsible driving behaviors, which must be
preventable. These irresponsible behaviors are, in most cases, associated with the stress
and impatience drivers feel while driving. Finding the factors that trigger impatience
and stress and determining their degree accurately is, thus, a work that must be in the
immediate focus.

In [10], we have proposed an intelligent system based on Fuzzy Logic (FL) that deter-
mines driver stress based on factors such as the driver’s impatience, the behavior of other
drivers, and the traffic condition. In this work, we present an improved system, called
Improved Fuzzy-based System for Determining Driver Stress (IFSDDS), that additionally
considers the driving experience and history as an input parameter and uses the unnec-
essary manouvrers, the time pressure, and the number of forced stops as determinants
of driving impatience. We present the concept of the proposed system in Figure 1. We
evaluate IFSDDS by computer simulations and see the effect that the considered factors
have on the determination of driver stress.

Figure 1. Concept of IFSDDS.

The structure of the paper is as follows. Section 2 provides a background overview
of the technology enablers. Section 3 describes the proposed fuzzy-based system and its
implementation. Section 4 discusses the simulation results. Finally, conclusions and future
work are given in Section 5.



Vehicles 2022, 4 555

2. Background and Related Work

In this section, we present a brief introduction of Internet of Things (IoT), Wireless Sen-
sor Networks (WSNs), and Internet of Vehicles (IoV), since these concepts and technologies
enable a complete deployment of our proposed system.

2.1. Internet of Things

In general, IoT is a networking concept that refers to the rapidly growing number
of devices able to communicate and interact with others over different types of networks
with the aim of creating a smart environment which will add more ease to daily life for
the people worldwide. Although there are many components involved in IoT, Intelligent
Transportation Systems (ITS) are an essential part when it comes to the development of
one of the most important IoT applications—Smart Cities. ITS include intelligent systems
which help to better manage traffic, cut pollution, make better use of infrastructure, and
help citizens stay safe and clean. However, most ITS rely on expensive infrastructure,
and alternatives which reduce the required investment are to be sought-after [11].

2.2. Wireless Sensor Networks

Sensors offer significant help in various social problems by converting real-world
events into digital data that can be processed, analyzed, stored, and acted upon. A WSN
consists of a large number of sensor nodes that operate together to monitor a particular
process [12,13]. WSNs have become more mature over the years and will continue to give
momentum to many applications for the features it provides. As one of the technologies that
take part in ITS, WSNs are seen as key components of heterogeneous systems cooperating
along with other technologies employed in vehicular scenarios, especially due to the low
installation and maintenance costs [14]. They can be deployed along urban roads and
highways, intersections, and in parking areas to constantly obtain information about the
weather and road condition, the traffic state, and so on.

2.3. Internet of Vehicles

The advances in vehicle manufacturing and communication technologies have made
it possible for vehicles to be equipped with various sensing platforms and computing
capabilities and at the same time with communication modules that enable the connection of
vehicles to different entities (surrounding vehicles, Roadside Units (RSUs), RSU Controllers
(RSUC), smart road infrastructure, pedestrians, network, cloud, and so on) via Vehicle-
to-Everything (V2X) communications [15–18]. Many of these developments are driven
by the proliferation of IoT technologies, which have also driven the traditional vehicular
networks into the IoV. Many types of communications are envisioned in IoV, but only
Vehicle-to-Vehicle (V2V), Vehicle-to-Infrastructure (V2I), Vehicle-to-Pedestrian (V2P), and
Vehicle-to-Network (V2N) have made their way to become standardized by far. We have
illustrated these types of communications in Figure 2.

IoV is expected to offer a multitude of services characterized by divergent require-
ments, ranging from a fully automated vehicle traveling in a smart city to streaming 8 K
videos on an in-vehicle infotainment system [19]. However, these services will be avail-
able for widespread use only when a complete integration of cellular networks into IoV
is achieved.

Therefore, it is necessary to continue designing alternative systems and applications
that are more feasible to quickly solve the problems of today but also can work in coopera-
tion with the technologies of the future.
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Figure 2. Illustration of a typical IoV Network.

3. Integrated Fuzzy-Based System for Determining Driver Stress

In previous works, we have implemented several intelligent, non-complex, non-
intrusive driver assistance systems that can improve road safety. By considering different
parameters, including in-car environment parameters, such as the ambient temperature
and noise, and driver’s vital signs, i.e., heart and respiratory rate, we implemented an
intelligent system in a testbed and conducted experiments in a real scenario [20]. The con-
sidered parameters included environmental factors and driver’s health condition, as these
parameters affect the driver’s capability and vehicle performance at a high degree. In [21],
we presented an integrated fuzzy-based system, which, in addition to those parameters,
considers the following inputs: vehicle speed, weather and road condition, driver’s body
temperature, and vehicle interior relative humidity. The inputs were categorized based on
the way they affect the driving operation. In a more recent work [22], we proposed a system
that determines driver stress since stress is often the cause of many road accidents. In this
work, we propose an improved version of our system, called IFSDDS, that can determine
the driver stress feeling level based on the degree of impatience, traffic condition, other
drivers’ behavior, and driving experience and history. To determine the driver’s impatience,
we use the unnecessary maneuvers that drivers make, the time pressure, and the number
of forced stops.

3.1. Description of IFSDDS Parameters

Unnecessary Maneuvers (UM): Driving a car involves many maneuvers regardless of
the time or distance and whether it is in city or rural areas. A good operation of the car
requires most of the maneuvers to produce a desirable outcome; that is, each action should
achieve the intended results. However, this is not always the case. Often drivers perform
various maneuvers that are unnecessary or produce no significant outcome. For example,
accelerating the car when shortly after there is a need to engage the brakes to slow down is
considered an unnecessary maneuver. Other examples would be unnecessary overtaking,
tailgating, or even frequent lane changes on the city roads [23]. These unnecessary maneu-
vers indicate that the driver is becoming impatient; therefore, detecting and utilizing the
data generated from such maneuvers is a step closer to improved road safety.

Time Pressure (TP): Time pressure can be defined as the result of an unfavorable
ratio between the available time and the time needed to reach the destination. However,
reaching the destination later than scheduled or desired does not always elicit the same
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time pressure because that is more related to the consequences arising from the delay.
On the other hand, even in the absence of these time constraints, many drivers may feel
time-pressured due to other factors, such as the individual factor and/or the accelerating
pace of life [24]. Studies that have investigated the correlation between time pressure and
impatience report that drivers tend to show high degrees of impatience when under the
pressure of time. Moreover, some time-pressured drivers even undertake risky actions,
such as speeding and dangerous overtaking.

Number of Forced Stops (NFS): A driver must stop the car upon encountering a stop
sign, a road intersection while the traffic signal is red, or a crosswalk with pedestrians
trying to move across the street. All these events are an inevitable part of driving and
should not affect the driver in any way. Nevertheless, while a single or a few stops may not
have any negative influence, an increased number of them can begin adding that impact
on drivers. When all these stops are rather involuntary and frequent, they do not lead up
only to an increased traveling time but also an increased ratio between stoppage time and
overall traveling time [25]. When the ratio increases significantly, the drivers become more
impatient and eventually feel more stressed.

Driver Impatience (DI): The impatience is considered an indicator of stress. Impatient
drivers gradually make small mistakes that can escalate to bigger ones, which often lead to
serious accidents [24,26]. By inputting the above parameters in a Fuzzy Logic Controller
(FLC), we can determine the degree of driver’s impatience, which then can be used as an
input to determine driver stress.

Traffic Condition (TC): The traffic condition is a direct cause for stress. No one wants
to waste time on the road and traffic jams create the feelings of no escape. Different studies
have been focused on identifying the effects of traffic conditions on driving stress. The
results have shown that stress levels were highest for drivers experiencing congested
roadways [27–31]. The data regarding traffic condition can easily be retrieved from traffic
management centers via V2N communications. V2I communications can also be used
to communicate with the infrastructure alongside roads to obtain additional information
regarding the traffic condition in that particular area.

Other Drivers’ Behavior (ODB): Even the most experienced drivers may feel stress
when they fall victims to road rage, or even just by being surrounded by drivers who show
other irresponsible behaviors, such as drunk and distracted driving. Most drivers feel
relaxed when others show good driving etiquette but experience elevated stress once they
share the road with drivers who violate traffic signals [23]. For example, many drivers
might feel momentary stress when the driver ahead makes a turn or changes the lane
without signaling, or when the irresponsible behavior of others leads to an involvement in
a near miss. The dangerous behaviors can be detected via various sensors and cameras,
following that the data are analyzed in total discretion in accordance with the privacy
concerns. The data can also be communicated to the corresponding vehicles to improve the
accuracy of self-detecting risky maneuvers.

Driving Experience and History (DEH): Research has shown that factors, such as age
or accident history, although not always directly [32,33], are associated with driving [34,35].
For example, drivers who have been involved in a traffic accident are more likely to feel
anxious and develop post-traumatic stress disorders that can last up to a year [36,37]. In
addition, younger drivers have reported much more stress than experienced drivers [38].
The accident history profile can be created using the data from the so-called “black box” each
smart car is being equipped with, the servers of insurance companies, and the government
department responsible for motor vehicles.

Stress Feeling Level (SFL): This parameter is the output of our system. It includes seven
stress levels ranging from low to extremely high. Although the output values are numbers
from 0 to 1, the linguistic description of stress levels is also useful for the interpretation of
the results, which on the other hand, allows for better implementation of an actor module.
Based on the stress level, an actor module can perform actions that can improve the driver
stress for the safety of all road users.
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3.2. Implementation Details

We use FL to implement IFSDDS as FL can make real-time decisions based on the
uncertainty and vagueness of the provided information [39–41]. IFSDDS is composed of
two FLCs, one that determines the driver’s impatience and one that determines the stress
level, which is the final output of the system. A detailed diagram of IFSDDS is given in
Figure 3.
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Figure 3. Detailed diagram of IFSDDS.

We use type 1 fuzzy sets because type 1 fuzzy systems are faster, include lower
computational costs, and are adequate for our application. Regarding the inference engine
used, we choose Mamdani over Sugeno because Mamdani systems have more widespread
acceptance for decision support applications due to the intuitive and interpretable nature
of the Fuzzy Rule Base (FRB). Moreover, determining the parameters of polynomials in
the antecedent of Sugeno fuzzy rules is inefficient and less straightforward compared to
defining the output fuzzy sets for Mamdani systems [42–44].

In addition, the methods selected along the inference process are: AND operation (min
method) as the Fuzzy Operator, min method for the Implication step, max as the Aggregation
method, and Center of Gravity (CoG) for the defuzzification process. These methods are the
most used methods in literature due to the simplicity, efficacy, and performance they offer.

The term set of each linguistic parameter is defined, respectively, as:

T(UM) = {Few (Fw), Moderate (Mr), Many (Mn)};
T(TP) = {Low (Lo), Medium (Me), High (Hi)};

T(NFS) = {Few (Fe), Moderate (Mo), Many (Ma)};
T(DI) = {Low (Lw), Moderate (Md), High (Hg), Very High (VH), Extremely High (EH)};
T(TC) = {Light (L), Moderate (M), Heavy (H)};

T(ODB) = {Very Bad (VB), Bad (Ba), Good (Go)};
T(DEH) = {Bad (B), Good (G)};

T(SFL) = {Low Stress (LwS), Low− to−Moderate Stress (LMS), Moderate Stress (MdS),

Moderate− to− High Stress (MHS), High Stress (HgS), Very High Stress (VHS),

Extremely High Stress (EHS)}.
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Each term in a term set characterizing a parameter is, in essence, a fuzzy set and is
represented by a membership function. The membership functions used for all parameters
are given in Figure 4. We use three terms for the input parameters of FLC1 and five for its
output. For the output of FLC2, on the other hand, we use seven. Using fewer terms for
the input parameters and more for the outputs enables input-output continuity, which is
an important feature that recommends that small changes in the input parameters should
result in small changes in output values.
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Figure 4. Membership functions of IFSDDS. (a) Unnecessary Maneuvers, (b) Time Pressure, (c) Num-
ber of Forced Stops, (d) Driving Experience and History, (e) Other Drivers’ Behavior, (f) Traffic
Condition, (g) Driver’s Impatience, and (h) Stress Feeling Level.

The input parameters are normalized (before fuzzification) using the following for-
mula: xnormalized = (x− xmin)/(xmax − xmin). The reason for normalization is to have the
system work in many situations since most of the parameters we consider differ from
case to case. For example, the traffic on secondary streets is not the same as on the main
roads, and the concept of “heavy traffic” is not the same either. Heavy traffic on main
streets includes many more cars and very different waiting times. The normalization of the
variables enables better adaptation for various drivers and driving scenarios.

Regarding the shape of membership functions, we use triangular and trapezoidal
functions because these types have lower computational costs and are more suitable
for real-time operation. The numeric range of each membership function is decided
based on the nature of each parameter and then adjusted during the design process,
which involved many computer simulations. The overlap of two membership functions
defines the elements that belong to both fuzzy sets simultaneously, whereby at least one
element belongs to both sets at the same degree of membership. The membership degree
of this element is known differently as completeness and is usually denoted by ε. An
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ε = 0.5 guarantees efficient and robust control because an increased overlap of membership
functions introduces redundancies, whereas slight overlap can lead to inefficient control.

The linguistic description of input and output parameters concerns the FRB, too. Based
on the linguistic description of input and output parameters of each FLC, its FRB forms a
fuzzy set of dimensions | T(x1) | × | T(x2) | × · · · × | T(xn) |, where | T(xi) | is the
number of terms on T(xi), and n is the number of input parameters. For example, FLC1 has
three input parameters with three linguistic terms each; therefore, there are 27 rules in the
FRB1. Correspondingly, FRB2 is composed of 90 rules. The FRB1 and FRB2 are shown in
Table 1 and Table 2, respectively. The rules are IF-THEN statements that are activated in the
decision process when an input is given. For instance, Rule 1 of FRB1 can be interpreted as:
“IF UM is Fw, TP is Lo, and NFS is Fe THEN DI is Lw” or Rule 1 of FRB2: “IF DEH is B, ODB
is VB, TC is L, and DI is Lw THEN SFL is MdS”. In each instance of the inference process
there is at least one rule fired, whereas the maximum number of fired rules depends on
the characteristics of membership functions. In our system, the number of rules activated
simultaneously for FLC1 and FLC2 can be as high as 8 and 16 rules, respectively.

Table 1. FRB of FLC1.

No. UM TP NFS DI No. UM TP NFS DI No. UM TP NFS DI

1 Fw Lo Fe Lw 10 Mr Lo Fe Lw 19 Mn Lo Fe Md
2 Fw Lo Mo Lw 11 Mr Lo Mo Md 20 Mn Lo Mo Hg
3 Fw Lo Ma Md 12 Mr Lo Ma Hg 21 Mn Lo Ma VH
4 Fw Me Fe Lw 13 Mr Me Fe Md 22 Mn Me Fe Hg
5 Fw Me Mo Md 14 Mr Me Mo Hg 23 Mn Me Mo VH
6 Fw Me Ma Hg 15 Mr Me Ma VH 24 Mn Me Ma EH
7 Fw Hi Fe Md 16 Mr Hi Fe Hg 25 Mn Hi Fe VH
8 Fw Hi Mo Hg 17 Mr Hi Mo VH 26 Mn Hi Mo EH
9 Fw Hi Ma VH 18 Mr Hi Ma EH 27 Mn Hi Ma EH

Table 2. FRB of FLC2.

No. DEH ODB TC DI SFL No. DEH ODB TC DI SFL No. DEH ODB TC DI SFL

1 B VB L Lw MdS 31 B Go L Lw LwS 61 G Ba L Lw LwS
2 B VB L Md MHS 32 B Go L Md LMS 62 G Ba L Md LwS
3 B VB L Hg HgS 33 B Go L Hg MdS 63 G Ba L Hg LMS
4 B VB L VH VHS 34 B Go L VH MHS 64 G Ba L VH MdS
5 B VB L EH EHS 35 B Go L EH HgS 65 G Ba L EH MHS
6 B VB M Lw MHS 36 B Go M Lw LMS 66 G Ba M Lw LwS
7 B VB M Md HgS 37 B Go M Md MdS 67 G Ba M Md LMS
8 B VB M Hg VHS 38 B Go M Hg MHS 68 G Ba M Hg MdS
9 B VB M VH EHS 39 B Go M VH HgS 69 G Ba M VH MHS
10 B VB M EH EHS 40 B Go M EH VHS 70 G Ba M EH HgS
11 B VB H Lw HgS 41 B Go H Lw MdS 71 G Ba H Lw LMS
12 B VB H Md VHS 42 B Go H Md MHS 72 G Ba H Md MdS
13 B VB H Hg EHS 43 B Go H Hg HgS 73 G Ba H Hg MHS
14 B VB H VH EHS 44 B Go H VH VHS 74 G Ba H VH HgS
15 B VB H EH EHS 45 B Go H EH EHS 75 G Ba H EH VHS
16 B Ba L Lw LMS 46 G VB L Lw LwS 76 G Go L Lw LwS
17 B Ba L Md MdS 47 G VB L Md LMS 77 G Go L Md LwS
18 B Ba L Hg MHS 48 G VB L Hg MdS 78 G Go L Hg LwS
19 B Ba L VH HgS 49 G VB L VH MHS 79 G Go L VH LMS
20 B Ba L EH VHS 50 G VB L EH HgS 80 G Go L EH MdS
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Table 2. Cont.

No. DEH ODB TC DI SFL No. DEH ODB TC DI SFL No. DEH ODB TC DI SFL

21 B Ba M Lw MdS 51 G VB M Lw LMS 81 G Go M Lw LwS
22 B Ba M Md MHS 52 G VB M Md MdS 82 G Go M Md LwS
23 B Ba M Hg HgS 53 G VB M Hg MHS 83 G Go M Hg LMS
24 B Ba M VH VHS 54 G VB M VH HgS 84 G Go M VH MdS
25 B Ba M EH EHS 55 G VB M EH VHS 85 G Go M EH MHS
26 B Ba H Lw MHS 56 G VB H Lw MdS 86 G Go H Lw LwS
27 B Ba H Md HgS 57 G VB H Md MHS 87 G Go H Md LMS
28 B Ba H Hg VHS 58 G VB H Hg HgS 88 G Go H Hg MdS
29 B Ba H VH EHS 59 G VB H VH VHS 89 G Go H VH MHS
30 B Ba H EH EHS 60 G VB H EH EHS 90 G Go H EH HgS

4. Simulation Results

In this section, we present the simulation results for the proposed system. The sim-
ulations are carried out using FuzzyC, a fuzzy simulation tool we have designed and
implemented in C programming language. FuzzyC has accuracy and ease of use similar to
MATLAB® Fuzzy Logic Toolbox™ [45] but higher computational efficiency. All the aspects
of the simulation environment are summarized in Table 3.

Table 3. Testing environment.

Simulator FuzzyC
Hardware ASRock Z77 Extreme6
OS Ubuntu 20.04.4 LTS
CPU Intel® Core™ i7-3770 CPU @ 3.40 GHz × 8
Memory 16 GB

The results are presented for each FLC separately as this way enables simpler interpre-
tation of the effect that each input of IFSDDS has on the stress feeling level. Figure 5 shows
the effect that UM, TP, and NFS have on DI, whereas Figures 6–8 show the effect that DI
and the rest of parameters have on SFL.

In the results presented in Figure 5, we show the relation between DI and NFS for
different TP and UM values. We consider three scenarios for each of the latter parameters.
Specifically, the values 0.1, 0.5, and 0.9 indicate low, medium, and high time pressure and
few, moderate, and many unnecessary maneuvers for TP and UM, respectively.
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Figure 5. Simulation results showing the effect of UM, TP, and NFS on the determination of DI.
(a) UM = 0.1, (b) UM = 0.5, (c) UM = 0.9.

We can see that when the driver makes only a few unnecessary maneuvers, most of the
driving scenarios are not associated with high levels of impatience. The only few scenarios
involving impatience are when the driver is under high time pressure and has to stop
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many times along the way. On the other hand, when the drivers make more unnecessary
maneuvers, we can see an increased degree of impatience. In fact, for UM = 0.5, there
is only one scenario where the driver is patient, whereas, for UM = 0.9, there is no such
scenario. This situation even holds when the driver is not time-pressured and does not
have to stop frequently.

A high degree of impatience is an indicator the driver is experiencing driving stress,
but considering the effect of other factors alongside it decreases the margin of error in
determining the level of stress the driver is truly feeling. For example, increased impatience
during congestion or when other drivers violate traffic signs shows that the driver is under
more stress. The DEH parameter also determines the stress level experienced during these
driving episodes, and we explain these effects in the following scenarios.
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Figure 6. Simulation results showing the effect of ODB, TC, and DI on the determination of driver
stress when DEH = 0.1. (a) DEH = 0.1, ODB = 0.1, (b) DEH = 0.1, ODB = 0.5, (c) DEH = 0.1, ODB = 0.9.

In Figure 6, we show the results for DEH = 0.1 and change ODB from 0.1 to 0.9. We
can see that when the behavior of other drivers is very bad, the drivers seem to handle the
driving operation without high stress only when they are patient and when there is no
traffic congestion. When traffic is heavy, we can see that the drivers experience much more
stress, with most scenarios involving very high stress levels. This can be attributed to the
fact that they are still inexperienced and yet with a history of accidents. On the other hand,
when the behavior of other drivers is good, there are more driving situations handled with
normal stress levels.

The impact of better driving experience and history can be seen in Figures 7 and 8.
Figure 7 shows the results for experienced drivers involved in accidents in the past and
inexperienced drivers with no bad records. They experience less stress but still considerable
values, with stress values above the moderate level accounting for most driving scenarios.
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Figure 7. Simulation results showing the effect of ODB, TC, and DI on the determination of driver
stress when DEH = 0.5. (a) DEH = 0.5, ODB = 0.1, (b) DEH = 0.5, ODB = 0.5, (c) DEH = 0.5, ODB = 0.9.
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Figure 8. Simulation results showing the effect of ODB, TC, and DI on the determination of driver
stress when DEH = 0.9. (a) DEH = 0.9, ODB = 0.1, (b) DEH = 0.9, ODB = 0.5, (c) DEH = 0.9, ODB = 0.9.

In the case of experienced drivers with no bad records (see Figure 8), we can see that
drivers experience high stress only when they show high degrees of impatience while other
drivers are violating traffic rules. All the other scenarios indicate that the drivers are not
experiencing stress that can cause a potential accident.

During situations involving too much stress, the IFSDDS can trigger actions that can
improve the driving situation and, thus, reduce the risk of an accident. For instance, the
system can suggest the usage of an alternative route with less congestion; or it can adjust
the car’s interior environment to the driver’s preferences in order to help the driver remain
patient and handle the driving episodes safely.

5. Conclusions

In this paper, we proposed an approach for determining driver impatience and driver
stress by leveraging the IoV infrastructure. The proposed approach consists of an integrated
fuzzy-based system with two fuzzy logic controllers that determine the degree of impa-
tience and stress considering different factors. For the determination of impatience, we used
the unnecessary maneuvers performed by the driver, the time pressure felt while driving,
and the number of times the driver has to stop on the way. The driver’s impatience is then
used as input alongside other stress factors, such as the traffic condition, the behavior of
other drivers, and the driving experience and history to determine the driving stress.

We showed through simulations the effect of the considered parameters on the deter-
mination of impatience and stress feeling levels. The simulations show that when drivers
make many unnecessary maneuvers, they tend to show an increased degree of impatience,
especially if they are under high time pressure or have to stop many times on the way to the
destination. Regarding driver stress, when the traffic is heavier than usual, the experienced
stress tends to be higher, especially if the drivers are still inexperienced or have bad driving
records. In addition, the stress is even higher when other drivers violate the traffic rules.
However, when experienced drivers have no bad driving records and are driving with
much patience, they can operate the car smoothly in almost every driving situation.

In the future, we would like to make extensive simulations and experiments to evaluate
the proposed system and compare the performance with existing systems. Moreover,
we will implement IFSDDS in a testbed to determine its accuracy and look into false
positives/negatives to further improve the system.
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DEH Driving Experience and History
DI Driver Impatience
FL Fuzzy Logic
FLC Fuzzy Logic Controller
FRB Fuzzy Rule Base
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ODB Other Drivers’ Behavior
RSU RoadSide Unit
RSUC RoadSide Unit Controller
SFL Stress Feeling Level
TC Traffic Condition
TP Time Pressure
UM Unnecessary Maneuvers
V2I Vehicle-to-Infrastructure
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