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Abstract: The transport network and mobility aspects are constantly changing, and major changes
are expected in the coming years in terms of safety and sustainability purposes. In this paper, we
present the main conclusions and analysis of data collected from a survey of drivers in Spain and
Portugal regarding user preferences, highlighting the main functionalities and behavior that an
advanced driver assistance system must have in order to grant it special importance on the road to
prevent accidents and also to enable drivers to have a pleasant journey. Based on the results obtained
from the survey, we developed and present a working prototype for an advanced driver assistance
system (ADAS), its architecture and rules systems that allowed us to create and test some scenarios
in a real environment.

Keywords: advanced driver assistance system; drivers’ preferences; driving safety

1. Introduction

Smart mobility is an emerging concept, which will become increasingly relevant in the
coming years, and which is aligned with the 17 sustainable objectives defined by the United
Nations where sustainability is advocated in the transport network and the emergence of
new mobility paradigms. Smart mobility concerns both the transport of goods and people,
with our focus being on the transport of people and, in particular, the role that advanced
driver assistance systems (ADASs) will play in vehicles in the future, to assist drivers,
helping to achieve the maximum level of automation in vehicles.

The acquisition of data from various sensors and other data sources is at the origin
of the semi-autonomous vehicles [1] that exist today as well as of the vehicles of the
coming years, in which ADAS will still play an important role in helping to guarantee
maximum driving safety. It is not just the acquisition of data that needs to be done
to power an ADAS and allow it to be an aid tool for the driver. In [2], the processing
and evaluation of the collected data are also mentioned as a way to provide a holistic
framework. The quality of an ADAS is directly related to the quality of its interaction
with the driver [3] and to measured aspects. The functionality of an ADAS can be of
varying complexity, from the simple recommendation of braking or even providing cruise
control. In reality, the real added value for the driver is in the crossing of data of a different
nature (psychological, fatigue, driving style, type of road, time, weather conditions, among
others) and in recommendations given to the driver to make driving safer and reduce
road accidents.

Autonomous vehicles (AV) will undoubtedly be one of the major changes in terms of
mobility in the coming decades, towards the complete (or maximum possible) reduction
of the carbon footprint in smart cities. The development that we have been witnessing
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in AVs is made possible by the automation of tasks and by the proliferation of sensors,
with greater and varied functionalities, which allow the monitoring of a set of aspects that
contribute to greater equipment autonomy, where AVs are also beginning to be included.
In these, the adoption of sensors and their autonomy before the driver has to be taken more
seriously compared, for example, to the case of a robot that just cleans, because in the case
of a vehicle we are talking about potentially life or death situations. Hence, the adoption of
AVs will be progressive. The Society of Automotive Engineers classified AVs in 6 levels [4].
Level 0 has no automation in the vehicle and driving is completely manual. At level 1,
some assistance is already given to the driver, such as vehicle braking or cruise control.
In level 2, known as Partial Driver Automation, ADAS starts to assume greater relevance
and provides drivers with some information in order to assist them in some (still) limited
scenarios, such as acceleration or braking, and the driver must maintain constant attention
on the road. Up to level 6, there is a progressive decrease in the driver’s need for action as
the vehicle becomes more autonomous until reaching full automation.

This paper starts by presenting an analysis of data gathered both in Spain and in
Portugal, of the user’s characteristics, driving behaviors and also functionalities drivers
would like to see in an ADAS, so they can perceive it as a real benefit for them while
driving. Situations of utmost risk and different alternatives of how to alert the driver have
been studied. All this information has been organized in a survey to discover drivers’
preferences and driving style. The main purpose of this survey was to collect information
on various aspects (psychological, fatigue, road conditions, among others), so that they
can be correlated, making it possible to define intelligent rules that can be made available
as support for the driver via an ADAS. With the knowledge acquired from the survey, we
developed a functional prototype, implemented using a Raspberry-Pi and Python, as a
proof-of-concept of how an ADAS can be developed for the purpose of contributing to
the safety of drivers, combining different aspects (such as the driving conditions, weather
and road conditions or conditions inside the car). The rest of the paper is organized as
follows. Section 2 presents the literature related to ADAS, survey designs, interfaces
and use-fulness. Section 3 explains in detail the survey design, methodology, obtained
results and main conclusions. The developed prototype and test scenarios are explained in
Section 4. Section 5 presents the conclusions and future work.

2. Literature Review
2.1. Review of ADAS

For the ADAS review, it is particularly relevant for this study research which is
related to the effect of ADAS on user behavior and the variety of factors considered for
the recommendations provided to drivers. For this reason, the methodology for choosing
the papers to carry out this review consisted of a search with the keywords “Driving
ADAS/Assistant” and “ADAS/Assistant Driving Behavior”, of papers between 2016
and 2021. A first screening of the papers was made based on the presence of keywords
considered the most relevant followed by a reading of the pertinent abstract, having chosen
the 15 most relevant for this study, from which an analysis is then carried out.

In [5], the authors present an assistant that intends to save fuel costs taking into
account the driver’s behavior, which is reflected in several ways: how the driver drives,
the speed patterns used, the use of the air conditioning or the choice of route. The authors
claim that all of these factors have an influence on safety when driving. In [6], the authors
propose a system that takes into account road slope, curvature, superelevation, speed limits
and traffic signs to send recommendation messages to the driver in order to release the
accelerator and thus save more energy and increase comfort and driving safety. In [1], the
authors present a proposal that collects data from various sources (On-Board Diagnosis
(ODB) sensors, GPS, Inertial Measurement Units (IMU)) in order to carry out studies on
the driver’s behavior, thus facilitating fuel and cost savings, correlating flaws in the car
with the driving style.
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In [7], the authors propose a system that aims to combat possible accidents based on
the driver’s drowsiness, monitoring when the driver involuntarily changes lanes. The
system makes a first correction so that the vehicle remains parallel to the lane departure
and, if there is no reaction from the driver (the system inferring that the driver is asleep),
then the assistant carries out the correction itself, placing the vehicle in the center of the
lane. The monitoring of the driver is in order to understand the driver’s reaction when the
vehicle starts to change lanes, changes direction and/or brakes. Based on the reaction of
the driver, the assistant concludes, on a scale of 5 levels, the degree of drowsiness of the
driver. In [8], the authors present the proposal for an ADAS that aims to detect the driver’s
fatigue/drowsiness through an image recognition method, focusing on the state of the
driver’s eyes.

In [3], the authors study the behavior of drivers in the face of a possible collision
scenario and monitor their reactions in order to conclude the best behavior of an ADAS
in these situations. One of the conclusions of the study is that the driver will be more
receptive to warnings from an ADAS about possible collisions when it is lateral and less
receptive when it is frontal. It is also considered important that the ADAS has access to
data such as the predicted time until the collision, the outside time, the speed at which
obstacles move, the space that the driver has available to maneuver, the degree of ease with
which the driver can detect whether the road has potential hazards and whether the driver
is alert or distracted. Although the authors refer to the importance of these parameters,
the proposed system does not provide for their use or any way to detect them. In [9], the
authors use artificial neural networks to propose an intelligent recommendation system
for drivers, especially in areas where there is a greater risk of accidents. The system is
based on the recognition of the outer area based on maps, rather than on driver monitoring.
In [10], the authors address critical factors such as weather and lighting, fundamental
aspects for road detection and vehicle recognition, necessary in an ADAS to provide the
drivers with accurate recommendations. The better the recognition of the road and the
traffic surrounding the vehicle, the better the safety recommendations that the ADAS can
offer and, if necessary, take control of the vehicle in dangerous situations. Based on the
level of street lighting, an ADAS with the described characteristics can recommend the
most appropriate speed as well as the lighting that the vehicle should activate. There is no
monitoring in this study of another type of situation more related to the drivers themselves.
In [11], the authors present a study with two main features of ADAS. One is Adaptive
Cruise Control, which allows the vehicle to maintain a safe distance to the vehicle in front,
using two scanning sensors modeled in PreScan for this purpose. The other feature is the
Autonomous Intersection Crossing which aims to avoid collisions at intersections when
vehicles are moving perpendicular to each other. The process uses a feedback map and
a collision detection algorithm that may involve the vehicle’s automatic braking system.
In [12], the authors propose an assistant that helps the driver in making a left turn at
an intersection, providing information on vehicles approaching from the right side. The
system makes use of a LIDAR sensor to obtain the necessary traffic information to provide
the driver, through a dialogue component, which is also part of the system and is the main
form of interaction with the driver.

In [2], the authors propose a holistic framework that does the acquisition and pro-
cessing of vehicle data. The acquisition is carried out through several sensors and the
data is processed on the server, where it is possible to gather tracking information and
road characteristics and associate statistical metadata. In [13], the authors present the
GIS platform—GPS-GIS Integrated System for Travel Time Surveys—which uses GPS
data combined with a Geographic Information System (GIS), collecting traffic information
based on the speed of probe vehicles and, thus, estimating travel times both statically
and dynamically.

In [14], the authors focus on the drivers’ assessment with regard to their driving
style, more specifically monitoring the position of their arms in relation to the steering
wheel, in order to draw conclusions on the drivers’ behavior and driving style. In [15],
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the authors aim to measure the impact of an ADAS according to the driver’s experience.
The information collected includes drivers’ behavior, vehicle kinematics and vehicle sur-
roundings. More specifically, the system gathers data on the headway and lane position,
vehicle surroundings using a video camera, acceleration, latitude and longitude of the
vehicle, its speed, acceleration, braking and steering wheel movement angle. The main
results of the study showed that the ADAS had a more positive effect on drivers with less
experience. In [16], the authors study the contribution of three aspects—driver, vehicle and
lane attributes—as a means of the identification of signs of dangerous driving. For this
purpose, they monitor the various aspects collected from different data sources: vehicle
speed, land slope, lane departure, following distance, respiratory rate, driver attention,
heart rate, mood, speed limit, traffic flow, road type, weather, etc. The authors present a
layer of inference that correlates the different aspects in order to be able to conclude about
the degree of danger of the driver’s driving style. The authors do not, however, explore the
type of recommendations that should be given to the driver in order to drive more safely
and reduce the likelihood of an accident. In [17], the authors propose a system that aims to
improve driving when predicting events on the road from values obtained through sensors.
Recommendations are given to drivers through voice commands to assist the driver in
complex driving scenarios. The authors state that the assistant represents a companion for
the driver and that it represents emotional stability. In [18], the authors present a model
based on artificial neural networks in order to classify the state of the driver in three levels:
aggressive, normal and calm. It is argued by the authors that the driver’s condition directly
influences vehicle control as well as energy efficiency. The authors propose to analyze
driving patterns so that the results can help in the proposal of an ADAS. For this study,
three inputs are used: vehicle acceleration, speed and accelerator pedal angle.

ADASs, when interacting with drivers, end up indirectly having consequences in
terms of traffic congestion itself, as drivers’ driving patterns and their characteristics
(operate, vision, physical and psychological characteristics) are decisive factors in the
fluidity of road traffic [19]. If an ADAS perceives the state of the driver and manages to
calm him down and lead to a state where he can drive calmly, it will have consequences
for traffic at various levels, including congestion or accidents. In [20], the authors study
the effect of aggressive driving on urban traffic, namely on the behavior of drivers at
intersections with and without signs. The study concluded that there is a noticeable greater
tendency for rules to be violated at intersections without signposts. In [21], the authors
demonstrate some experiments that show the effect of the topology of the streets as well as
the behavior of drivers in traffic and propose a model to describe the phase of transition
from normal traffic to a situation of congestion. As a future work, the authors refer to
the importance of developing methods to change the behavior of the driver so that the
transition phase to a state of congestion is smoother.

Regarding commercial solutions, vehicle manufacturers are incorporating driving as-
sistants focused on safety and fuel consumption. Tesla is one of the most relevant manufac-
turers in the use of these technologies. Its vehicles have a system denominated “Auto-Pilot”
that allows semi-automatic driving [22]. Nissan has developed Propilot Assist 2.0 [23], a
system that maintains the vehicle in the middle of a lane and automatically respects the
safety distance. In addition, its vehicles also include solutions to detect drowsiness and
improve driving style based on telemetry [24].

Another proposal that stands out in this research field is BMW’s intelligent personal
assistant [25]. This assistant obtains information such as the level of driving efficiency, the
nearest petrol station or the route to reach a destination. In addition, the user can indicate if
they feel tired. In this case, a vitality program is triggered to adjust the car’s lighting, music
and temperature to make the driver feel more awake. The problem is that the driver is the
one who has to proactively report his/her state. In conclusion, commercial solutions make
very limited used of information about the driver’s state (emotions, feelings, physiological
signals) and driver’s preferences, as well as of the vehicle cabin. Moreover, their cost is
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very high due to the need to add cameras and sensors. For this reason, they are not usually
part of the vehicle’s basic equipment.

The main objective of the analysis carried out on some of the most recent studies on
ADAS is to establish what kind of variables are being considered to make recommenda-
tions to drivers. The studies analyzed can be summarized in 4 main categories, taking into
account their objectives, and can be seen in Table 1. It is possible to conclude that the study
presented in [16] is the most complete and comprehensive from the point of view of the
parameters considered, taking into account different factors (driver, road, weather and ve-
hicle). However, the study makes no reference to how the rules affect the recommendations
to the driver.

Table 1. Main purpose of the advanced driver assistance system (ADAS) studies analyzed in the
literature review.

Goals Studies

Save fuel costs/energy [1,5,6,18]
Collision/Accident risk detection [3,9–12,16]
Fatigue/drowsiness detection [7,8]
Study driving patterns [1,2,13–21]
Commercial solutions [22–25]

2.2. Review of Survey Designs

The relevance and pertinence of gathering feedback from the users’ preferences is
fundamental before an ADAS is introduced into the market [26]. Among these preferences
we can find those concerned with human–computer interaction, controllability, attention or
efficiency and many studies exist on several aspects of driving [27–29]. In the state-of-the-
art, there are many works dedicated to identifying the risk factors that affect the accident
exposure rate (kilometers travelled in a year by drivers) and the risk of suffering a traffic
accident. In this research, we use surveys in order to discover aspects associated with
these two questions and that include personality, driving experience, distractions, driving
mistakes, etc. Our first step has been to review the studies published on typical keywords
in these studies such as driving questionnaires, driving scale behaviors and attitudes,
driver’s behavior patterns and young drivers. The latest bibliographical review carried out
in Spain focused on drivers of 4-wheel motor vehicles as a target population [30]. This work
excluded the questionnaires about physical aptitudes of the driver (based on physical tests)
or psychological characteristics (based on psychometric tests). This opens a wide field of
study that fits in with our research aspirations. Another work [31], continuation of an earlier
study, is used as the starting point for the questionnaire initially proposed in our project.
In this research, the authors propose a questionnaire named mobility, traffic accidents
and associated circumstances (MATCA) based on [32]. It is focused on the frequency of
involvement in driving circumstances theoretically associated with traffic accidents among
the university population. However, it presents a good number of questions perfectly
adaptable to our objective of detecting situations in which the user is affected by the
environment in which they drive. We have taken into account different references from the
MATCA questionnaire, which is defined as easy to complete, with special attention being
paid to the driving frequency, an issue of interest for our project, and the accident rate. This
questionnaire consists of five sections, some of which, in their correct formulation, are very
useful for our research.

1. Socio-demographic data: crucial to contrast the social features of drivers on which to
apply our assistance analysis to the driver.

2. Assessment of the use of the car in the previous year (measured in km/year).
3. Frequency of use of protection devices (belt and helmet) in the previous six months.

This information is not useful for our purposes.
4. Involvement in traffic accidents during the previous year (indicating the number and

characteristics of the last traffic accident suffered).
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5. Age of obtaining driving license (car or motorcycle), two questions about their quality
as a driver and their perceived driving speed and a set of 28 dichotomous response
questions, presented in the form of a matrix, which is related to driving circumstances
potentially associated with accidents.

This last section is the most interesting and, therefore, offers us the most questions
for implementation in our study. We have verified that most of the studies which have
explored the frequency of involvement of drivers in risky driving behaviors, generally use
very long and complex questionnaires, with many items (normally between 50 and 70). In
addition, the scoring scales are also complex. Another problem is that the surveys contain
questions about behaviors that are difficult to remember after a certain time. Furthermore,
they do not take into account important issues for the characterization of drivers such as the
number and distance of the trips. The reason is that most surveys are based on the Driving
Behavior Questionnaire (DBQ) mentioned in [33], the most frequently used questionnaire
worldwide (and the only questionnaire validated in Spain about risky driving behaviors),
which does not include information about driving exposure among its items.

Another of the references for our questionnaire is [34]. This proposal is based on
Theory of Planned Behavior (TPB) [35] which has been applied along with Driving Style
Questionnaire or Driving Behavior Questionnaire (DBQ) and Depression Anxiety Stress
Scales (DASS) [36] with the aim of evaluating its performance in a sample of real drivers.
This work is very interesting because it discusses the suitability of the psychological mea-
suring instruments used in the study of driving behavior. The capacity of such instruments
is analyzed in the light of their reliability, validity, ease of use and practical convenience in
order to use them in studies of transport psychology in the Latin American environment.

In addition, this questionnaire was translated into Spanish. Then a bilingual psy-
chologist, with experience in translation and without previous knowledge of the scales,
translated it from Spanish into English. The next step was to give the two English versions
of each scale to a group of three people whose native language is English to detect possible
qualitative differences between versions. In the case of the TPB questionnaire, an initial
version was developed directly in Spanish that was analyzed critically by a group of five
psychologists with experience in developing tests. After discussing and making the cor-
rections requested, it was evaluated by three young men and women, aged between 20
and 25, who also made qualitative observations regarding the instrument. After this step, a
final version of the work was revised. Finally, we have also considered other works when
preparing our questionnaires such as Nasa Task Load Index (Nasa-TLX) [37] and (Driving
Activity Load Index) DALI [38]. These proposals are focused on measuring the workload.
This technique has been validated in different scenarios, obtaining good results [39,40]. Its
main advantage is that it is non-intrusive and the fact that it is able to quickly ascertain the
cause of the workload. Workload and traffic accidents have a strong relationship. Traffic
accidents may be due to incorrect perception, lack of attention or inadequate informa-
tion processing. This usually happens when the drivers’ workload is either very high or
very low.

2.3. Review of Interfaces and Usability

Whereas human-to-human communication is progressively being replaced by human-
to-computer interaction, we are witnessing to the growing trend of applying virtual as-
sistants for several purposes [41]. An ADAS has great potential to increase the safety of
drivers. The effectiveness of this goal will be maximized if the interaction and commu-
nication between driver and the ADAS is optimized. For that reason, human-centered
design principles must be considered [42]. Avatars can take the human form and should be
designed according to the user’s preferences and characteristics (such as gender, ethnicity,
culture, language or others), so the user can feel more comfortable interacting with the
avatar [42,43]. Some avatars use the robot form, others allow the upload of a design the
user likes [44] and others provide the user with the option of choosing an avatar from a
list of existing possibilities [42]. In most cases, avatars use a 3D-look only by showing the
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face or upper-body. For avatar design, and if it takes a human form, the avatar should
consider aspects such as the skin color, facial proportions and features so that the user
feels identified with the avatar. Along with the dialogue, the avatar can also use facial
expressions that demonstrate the most common feelings (happiness, boredom, sadness,
etc.) that appear in conversation. Additionally, the user experience should be as close as
possible to a conversation between two people in terms of fluency and speech. The speech
mode should adapt to the characteristics of the user, in terms of the speaking style (which
is different from young to old, for example) and words used. In this way, better results are
achieved in terms of changes in the attitude than those obtained with generic messages
and not dependent on user characteristics.

One of the main goals that an avatar must fulfil is to create empathy with the user.
Empathy is seen, in a psycho-therapeutic context, as fundamental to achieve positive
changes [42] in a person’s behavior and attitudes, hence the reason why the avatar should
be able to captivate the user in terms of appearance and speech. To promote avatar
adaptability, the avatar can be explicitly chosen by implicit characteristics of the user. On
the one hand, characteristics can be explicitly selected by the user and may include gender
(man or woman, since the style of conversation is different) or name (use speech that
includes the name to be more personalized). On the other hand, the avatar can implicitly
infer user preferences collected in a non-intrusive way during the interactions. In some
cases, the avatar can directly ask the users what goals they want to achieve and tailor
recommendations to help achieve them [42]. Using an avatar to communicate with the user
can reduce stress and improves concentration [45]. This is very important in driving because
tension increases the likelihood of making mistakes and, therefore, traffic accidents [46].
The interaction of the user with the system must take into account the driving context.
Obviously, focusing the user’s attention on a visual element only, whether it is shown on
a Head-Up Display (HUD) or on a Head-Down Display (HDD), while driving is not the
most appropriate [47]. For this reason, another element of interaction with the driver is
defined based on sound alerts. This type of alerts has proved very effective, especially
in emergency situations [48]. Studies reveal that auditory messages are more intrusive
and difficult to ignore, and the reaction time is shorter, while visual messages require
more processing and reaction time [49]. In the context of driving, it is also important
that the sound is not annoying, so the auditory messages must be defined correctly so
that the driver can quickly interpret what is being referred to, without needing to seek
visual support to interpret the signal [50]. Other proposals in this regard include both
approaches: sound alerts in conjunction with visual messages. Obviously, this approach
will improve the efficiency of human–machine interaction, as well as avatars. A third
method of interaction with the user is through the vibration of certain elements in contact
with the driver. In this aspect, the literature generally considers this third type of interaction
with the user as redundant, used mainly as support for other types of signals (acoustic
or visual) [51]. According to studies such as [52], as the number of warning signals to
the driver increases (only visual, visual + sound, visual + sound + haptic signal), reaction
times are faster. Therefore, depending on the degree of emergency of the warning to be
given to the driver, we can differentiate between a message through a single stimulus, two
or even three in the most urgent cases. Not only is the way in which the information is
presented important, either visually or acoustically, but a key factor of interface design is
also related to the perception that the user has of the system. For instance, if the frequency
with which the driver interacts is too high, this can cause an excessive need for attention
by the driver and may even undermine the acceptance of the system [53]. In the design
of the interface, therefore, the frequency with which the driver interacts should be taken
into account, since it is a factor that may be closely related to confidence in the system. If
the driver considers that the alert is unnecessary or annoying, the use of the interface may
be ignored, rendering the driving assistance system useless. In addition, it is important
that the ADAS and the driver maintain an adequate level of interaction, without reaching
the point that the driver ignores the messages generated by the system or becomes too
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aware of the system to such a degree that decreases the level of attention on the road.
Therefore, attention should be placed on the design of the interface, but a correct design of
interaction and communication with the user is also crucial to avoid this type of situation.
In all cases, the ADAS design must be kept simple. If the user has to consult a manual
while driving, the workload increases significantly, and the driving performance decreases.
The management of the ADAS should not require the use of a manual, or in any case, help
should be offered through a voice interface [47]. In 2011, Audi engineers, in cooperation
with scientists at the Technische Universitaet Muenchen developed what they called an
Avatar-based Virtual Co-driver System (AviCoS), with the main purpose of replacing the
manual text, instead delivering it to the driver using an assistant that is more user-friendly
and intuitive to use [54]. The avatar, a virtual figure that understands complete sentences,
uses AI to process drivers’ questions and to display answers and relevant information.
In order to avoid the driver becoming distracted as the speed increases, the images and
animations are suppressed, switching solely to audio information. In 2017, a study by IBM
Research described a system that interacts with the driver and takes into account contextual
information from outside the car (the environment, information about congestion, local
regulations, traffic restrictions, etc.) and also about the driver (current actions, history, usual
trips undertaken, time of day), to identify potential risky situations and warn the driver
to mitigate risks [54,55]. The company Charamel integrated Carla, an avatar, into a radio
navigation system for a Volkswagen AG. The main goal was to explain the functionality
of the RNS810 navigation system [56]. The same company developed a virtual assistant
for the MyFord Touch Guide app for Ford. The avatar developed for Mercedes can react
not only based on active input of the user, but also through acoustic alert signals with
additional information [57]. During CES 2019, the world’s largest consumer tech show,
Nissan presented the concept “invisible-to-visible”, a system to be incorporated in cars that
gathers data from the cloud and the car itself and combines them to create a visualization
to aid drivers. One functionality was detecting pedestrians, via sensors and cloud mapping
services, that may be unnoticed by drivers due to weather conditions or distractions.
Nissan proposed an animated avatar that mainly provides recommendations for the driver
using a Head-Up Display [58].

3. Survey Design, Analysis and Results

In this section, we describe the survey we have carried out in order to determine
characteristics of the drivers, their behaviors and what they look for in a driving assistant
(type of warnings and recommendations, frequency in issuing recommendations and user
interaction). The questions included in the survey can be classified into 8 sets according to
the topic they address: (1) characteristics of the drivers, (2) work-related stress, (3) driver
lifestyle, (4) vehicle features and main use, (5) driving behaviors, (6) driving distractions,
(7) driving stress and (8) driving assistant.

3.1. Analysis Methodology

An analysis will be carried out by country, age and gender in order to detect associa-
tions between personal characteristics and the aspects under study. For the analysis by age,
three age ranges have been defined between the maximum and minimum values of the
respondents: aged 18 to 40, 41 to 60 and 61 to 80, respectively.

Fisher and Pearson Chi-squared tests [59] have been performed in order to determine
associations between categorical variables. Pearson Chi-squared test or Fisher’s tests are
used depending on whether the hypothesis about expected frequencies is verified or not.
In order to apply the Chi-squared test, the expected frequencies must be greater than 5
in at least 80% of cases. If this is not met, then Fisher is applied. Fisher and Chi-squared
tests return the decision of the null hypothesis that there are no non-random associations
between the two categorical variables, against the alternative that there is a non-random
association. Both tests return the significance level of the test p-value in order to determine
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if the test rejects the null hypothesis at the 5% significance level, or not. In both tests, if
p-value is under 0.05 there is association between the two variables.

3.2. General Characteristics of the Participants

A total of 888 surveys were conducted in Spain (704 respondents) and Portugal
(184 respondents). In order to recruit the respondents, a call was made for volunteers both
in Spain and Portugal through the Internet. Of all the participants, 18.2% were aged 18–30,
22.6% were aged 31–40, 36.5% aged 41–50, 16.7% aged 51–60, 5.4% aged 61–70 and 0.6%
were aged 71–80. Regarding gender, 51% were men and 47% women (the others indicated
no gender). Of the respondents, 64% have never used a virtual assistant, 30% have used one
and 6% do not know what it is. In addition, 91% of the respondents have university studies
and 9% secondary studies. When asked if they enjoy driving, 74% answered positively, 9%
negatively and the others chose “usually” or “hardly ever”. Finally, regarding skills, the
most significant include sciences (30%), communication (26%) and engineering (24%).

3.3. Usefulness of an ADAS

In this section, we analyze the answers of the participants about the usefulness of the
assistants. The goal was to gather information about the perception of usefulness of the
assistant by drivers who do not have an ADAS and how it is used by those who already
have one. Of all the respondents, 590 (66%) do not have a driving assistant, while 298
(33%) do.

3.3.1. Drivers without an ADAS

The answers to the question “Would it be useful to have a driving assistant?” are
indicated in Table 2. In general, only 7.8% of respondents do not see any usefulness of
the assistant. The rest consider it useful, especially if they are going to drive through
unknown areas (64.1%). These results are independent of the country or gender of the
drivers. However, the results indicate that there is an association between the perception
of usefulness of the ADAS and the age of the drivers. These differences in the acceptance
of new technologies in vehicles are also highlighted in the research in [60–62].

Table 2. Usefulness of the ADAS: General responses from drivers that do not use an ADAS.

Questions Frequency %

I know what it is, but it does not seem useful 46 7.8
I do not know what it is 12 2.0
Yes, under any circumstance 131 22.2
Yes, when driving in the city 23 3.9
Yes, when driving in unknown zones 378 64.1
Total 590 100.0

In our study, the tests show significant differences in the perception of the usefulness of
ADAS by age, as shown in Table 3, which represents the association between age and ADAS
usefulness (Fisher test: p-value = 0.043). Thus, people under the age of 40 and between the
ages of 41 and 60 show a more positive predilection (89% and 91%, respectively) towards
aid systems than those over the age of 60 (81%). These results contradict previous studies
such as [62–65]. The explanation, in this case, may be due to the fact that they are drivers
without a driving assistant. Older people are more unaware (6%) and distrustful (12%) of
new technologies, which causes a decrease in the positive attitude towards the usefulness
of these systems.
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Table 3. Usefulness of the ADAS: Responses by age from drivers that do not use an ADAS.

Questions
Age under 40 Age 41–60 Age over 60

n % n % n %

I know what it is, but it does not seem useful 24 9.41 20 6.62 2 6.06
I do not know what it is 3 1.18 5 1.66 4 12.12
Yes, under any circumstance 56 21.96 67 22.19 8 24.24
Yes, when driving in the city 6 2.35 16 5.30 1 3.03
Yes, when driving in unknown zones 166 65.10 194 64.24 18 54.55

3.3.2. Drivers with an ADAS

Different questions about driving needs and preferences will be analyzed for drivers
who have a driving assistant.

Usefulness of the ADAS

When asked “Do you find the driving assistant in your vehicle useful?”, 95.3% of the
respondents consider ADAS quite or very useful. The Pearson Chi-squared test indicates
no differences by country, gender or age.

When It Is Useful to Have an Assistant

As for the question “When do you find it useful to have a driving assistant?”, most
drivers make use of the assistant when driving through unknown areas (74.5%), under
any circumstance (17.1%) and when driving in the city (6.4%). There are no differences by
country (p-value = 0.609) or by age (p-value = 0.217). However, there are differences by
gender (p-value = 0.003). Thus, in the case of women, the percentage that indicates that it is
useful when driving in unknown areas increases to 85%, compared to 67% of men.

Aspects of Improvement of the Assistant

The answers to the question “What aspects of your vehicle’s driving assistant would
you improve?” are indicated in Table 4. Drivers with an assistant propose some improve-
ments in the design. The most significant correspond to improvements in the interaction
and notifications. In the case of improvements in interaction there is a clear association
with the age of the drivers. Thus, 62% of younger drivers would improve the interaction
with the system, while in the other groups the percentage is around 40%. This significant
difference may be due to a greater familiarity of younger people with the new technologies,
which makes them more demanding and critical of this type of systems. There is also a
significant difference by gender in terms of improving the interface. A total of 30% of men
suggest improvements in this aspect, doubling the percentage of women who suggest
improving the interface (15%).

Table 4. Areas for improvement of ADAS.

Area for Improvement
of ADAS

General Scores Pearson Test (p-Value)

Frequency % Country Gender Age

Notifications 150 50.3 0.197 0.550 0.884
Interaction 149 50.0 0.881 0.265 0.007
Information 84 28.2 0.619 0.287 0.072
Interface 71 23.8 0.506 0.003 0.345

3.4. Assistant Design Preferences

In this section, we will analyze the needs and preferences of users regarding several
aspects to consider in the design of an ADAS. The following tables show the results for
drivers with and without ADAS differentiated by country, gender and age, indicating the
statistic p-value in each case to determine associations between the variables.
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3.4.1. Frequency of Warnings or Recommendations

When designing an ADAS, it is important to determine when warnings or notifications
are sent to the driver. The preferences of the respondents to the question “How often would
it be appropriate for you to receive warnings or recommendations?” about the frequency
of the notifications are indicated in Table 5, where n indicates the number of responses and
% the percentage of responses.

Table 5. Responses of the participants referring to the frequency of notifications.

Notification Frequency
Respondents without

ADAS (N = 590)
Respondents with
ADAS (N = 298)

n % n %

When there is relevant information 461 78.10 233 78.20
When driving tired 99 16.80 49 16.40
When there are traffic accidents 95 16.10 51 17.10
When there are adverse weather conditions 83 14.10 43 14.40
When approaching a dangerous zone 76 12.90 33 11.10
When approaching heavy traffic 63 10.70 32 10.7
When speed limits are exceeded 62 10.50 33 11.10
Continuously 43 7.30 31 10.4
When approaching roadworks 40 6.80 18 6
When approaching pedestrian zones 29 4.90 25 8.4
Minutes 29 4.9 22 7.4
Fixed periods 29 4.9 22 7.4
Per itinerary 25 4.2 10 3.4
When approaching schools 25 4.20 16 5.4

In this aspect, 78% of all respondents, with or without a driving assistant, prefer to
receive ADAS alerts when there is relevant information to report. This response is indepen-
dent of the country, gender or age of the participants. It is important to highlight that users
do not want periodic or programmed notifications or with temporary programming but
prefer alerts when an exceptional or dangerous situation occurs.

3.4.2. Information on Traffic

The answers to the question “Which of the following information regarding traffic
would you like to receive through the assistant?” are shown in Table 6. Observing the
answers, in more than 50% of the cases the drivers without ADAS prefer to receive infor-
mation about nearby accidents, traffic jams, dangerous areas of the road and driving in a
prohibited direction. The rest of the options are marked in less than 50% of the cases. The
trend is similar for participants who already have ADAS, which gives a notion about what
users prefer to be notified about in terms of driving.

3.4.3. Information on Driving

The preferences of the respondents regarding the question “Which of the following
information regarding your driving would you like to receive through the assistant?” are
shown in Table 7. Drivers do not wish to receive information stating that they are smoking
while driving. On the other hand, more than 50% of drivers want to be notified when
they start to feel tired (60%) and when they exceed the maximum speed limit (50%). The
results are practically the same for drivers with ADAS. There are two notable associations
per country for users with ADAS. While in Portugal 51% of drivers prefer to be warned
about over-aggressive driving, in Spain the figure drops to 29%. Regarding alerts about air
quality, 60% select this option in Portugal compared to 33% in Spain.
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Table 6. Responses of the participants referring to the traffic and roads.

Information Provided by ADAS
Respondents without

ADAS (N = 590)
Respondents with
ADAS (N = 298)

n % n %

Approaching an accident 400 67.80 214 71.80
Approaching a traffic jam 387 65.60 193 64.80
Driving in a forbidden direction 368 62.40 192 64.40
Approaching a dangerous section of road 320 54.20 172 57.70
Approaching roadworks 271 45.90 138 46.30
Approaching out of order traffic lights 267 45.30 118 39.60
Approaching a heavy traffic zone 254 43.10 152 51.00
Approaching dangerous curves 241 40.80 122 40.90
Approaching a wild animal zone 210 35.60 98 32.90
Approaching an area with a high density
of pedestrians 206 34.90 109 36.60

Approaching a school zone 188 31.90 106 35.60

Table 7. Responses of the participants referring to their driving.

Information Provided by ADAS
Respondents without

ADAS (N = 590)
Respondents with
ADAS (N = 298)

n % n %

Starting to suffer from fatigue/tiredness 356 60.30 199 66.80
Exceeding the maximum speed limit of
the road 296 50.20 153 51.30

Not keeping the safety distance 215 36.40 117 39.30
Driving erratically 220 37.30 132 44.30
The air quality is not appropriate 200 33.90 112 37.60
Driving too aggressively 189 32.00 98 32.90
Managing other devices while driving 134 22.70 69 23.20
Temperature is too high inside the car 99 16.80 58 19.50
Smoking while driving 28 4.70 18 6.00

Additionally noteworthy is the case of the notification of fatigue that is associated with
the age and gender of the drivers. More than 70% of those over the age of 41 prefer to be
notified about this aspect, compared to 57% of those under the age of 40. This may be due
to the greater confidence that young people have in their physical abilities, which reduces
their perception of the danger of driving with fatigue. In the case of gender, women who
do not have ADAS prefer to be notified of fatigue in 56% of cases compared to 67% of men.
Similar gender differences also appear in drivers with ADAS: 56% of women versus 74%
of men.

3.4.4. Information about the Weather

Analyzing the preferences of drivers about the information related to the weather that
they would like to receive through the assistant, all drivers (with and without ADAS) would
like to receive information on all aspects related to the weather that have been considered,
especially on the presence of ice sheets on the road. This result is logical, since the presence
of sheets of ice is the most dangerous weather factor for driving and notifications of the
presence of ice could be decisive to avoid serious accidents. Likewise, the notification of ice
presents significant differences depending on the country (p-value < 0.001), both for users
without ADAS and with ADAS. Thus, in Spain, 89% would like to receive this information,
compared to 69% in Portugal. This discrepancy in valuation may be due to geographical
and climatic differences between the two countries as icy conditions are more frequent and
dangerous on the roads of northern Spain.
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3.4.5. Relaxation Method with Stress

All participants (with and without ADAS) prefer to listen to music (70%) as a method
to reduce stress, followed by breathing control and prefer to be reminded when they are
suffering from stress. In the case of ADAS users, there is an association with the country
(p-value = 0.01), with a greater preference for listening to music in Portugal (83.6%) than in
Spain (69.9%).

3.4.6. Method to Avoid Distractions

The answers to the question “What helps you avoid distractions the most” are in-
dicated in Table 8. There is also a match between users with and without ADAS about
the preferred method to avoid distractions, in both cases they prefer to listen to music.
There are significant differences according to gender, similar to those with or without
ADAS. 41% of women prefer to listen to music compared to 32% of men. In addition, for
drivers without ADAS there are differences by age. Thus, 43% of drivers under 40 prefer
to listen to music and only 10% prefer to listen to radio programs, compared to 21% of
other age groups. For users of ADAS there are differences according to the country of
the respondents. In Portugal, 49.1% prefer to listen to music while in Spain only 31.7%,
the preferred option in Spain being to listen to radio programs (34.2%). There is also an
association by age for users of ADAS. Drivers under 40 prefer to listen to music (45.4%)
rather than radio programs (19.4%) while the preference of those over 60 is exactly the
opposite: listen to radio programs (40.0%) and music (20.0%).

Table 8. Responses of the participants referring to the preferred method to avoid distractions.

Information Provided by ADAS
Respondents without

ADAS (N = 590)
Respondents with
ADAS (N = 298)

n % n %

Listen to music 217 36.8 104 34.90
Do not listen to anything 177 30.0 64 21.50
To be reminded how important it is to
stay alert 99 16.8 38 12.80

Listen to radio programs 97 16.4 92 30.90

3.4.7. Drowsiness Aid Method

The analysis of the answers about the method that helps most when feeling sleepy
indicates that, practically 50% of all drivers prefer to drink a caffeinated beverage to fight
sleepiness. Other options, in order of preference, are listening to music, listening to radio
programs, being reminded of how important it is to stay alert and not listening to anything.

3.5. Method of Receiving Information

The answers to the question “By what method would you like to receive information
from your assistant?” are indicated in Table 9. Both users of ADAS and those who do not
have one mostly prefer (89%) to receive audio notifications over the other means of warning
notification. There is an association by country for visual notifications, the preference of
this option being higher in Portugal than in Spain. There is also an association by gender,
with 37.4% of men and 19.0% of women preferring visual notification.
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Table 9. Responses of the participants referring to the preferred method to be notified by ADAS.

Information Provided by ADAS
Respondents without

ADAS (N = 590)
Respondents with
ADAS (N = 298)

n % n %

Audio notification 522 88.5 267 89.60
Through vibrations in the safety belt 80 13.6 46 15.40
Visual notification 19 20.2 89 29.90

3.5.1. Use of Avatar

The answers referred to determine if the use of a virtual friend (avatar) would be
more friendly than a simple recommendation message indicate no differences in all the
considered cases. In fact, the valuation percentages of receiving notifications through a
message or through an avatar are similar.

3.5.2. Type of Avatar

In general, there is no special predilection for the type of avatar that would be more
user-friendly (a cartoon character, a symbol, an image of a driver). However, in the case of
users of ADAS there is an association with the country of the respondents. Thus, in the
case of Spain, the most chosen option is “Have no special preference” (60.9%) while in
Portugal “a cartoon” (41.8%) is preferred.

3.5.3. Gender of the Avatar Character

The majority of the respondents claim that they have no special preference for the
gender of the avatar character with whom they interact (71% of the respondents). However,
there is a clear preference for the feminine gender over the masculine. In the case of drivers
without an assistant, there are significant differences in terms of gender. A total of 19.78%
of men prefer a female avatar versus 10.67% of women. There is also an association with
the country in the case of users of ADAS. In Portugal, 40.0% of respondents prefer a female
gender avatar compared to 17.7% in Spain. There are also significant differences by gender
for drivers with ADAS. 31% of men prefer a female avatar versus 10% of women.

To date, the analysis has been carried out on some of the most relevant questions of
the survey that will allow us to draw important conclusions about what the usefulness and
functionality provided by an ADAS should be, as well as aspects related to its interaction.
In the next section, we will cross-examine issues related to behavior while driving and
what drivers expect from an ADAS, so we can infer some information not provided directly
by the answers, but which is very relevant in the pursuit of an efficient design of the ADAS.

3.6. Analysis of Driver Behavior and Driver Preferences for the Assistant

In this section, we will analyze the relationships between the behavior of the driver
and their preferences for the design of the assistant.

3.6.1. Relationship between Being Distracted Frequently When Driving and What Helps
You Avoid Distractions

This analysis aims to discover the relationship between the questions “Are you fre-
quently distracted while driving?” and “What helps you avoid distractions the most?”.
The results are indicated in Table 10.
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Table 10. Frequency of distractions while driving vs. method to avoid distractions (p-value = 0.001).

Listen to Music Listen to Radio
Programs

Do Not Listen
to Anything

Be Reminded of
How Important
It Is to Be Alert

Very frequent 33.33% 33.33% 33.33% 0
Quite frequent 25.93% 19.75% 20.99% 33.33%
Infrequent 36.38% 21.54% 27.37% 14.70%
Rare 41.88% 20.51% 29.91% 7.69%

The Fisher test, being p-value < 0.05, indicates association between the frequency of
distractions and the preferred method to avoid them. The survey data show surprising
results. Those who are distracted very frequently do not want to be reminded of the
importance of staying alert, while for those who are distracted quite frequently this is the
most demanded method (33%). In addition, for those who are not usually distracted by
anything or seldom distracted, the preferred method is to listen to music.

3.6.2. Relationship between Circumstances on Long Journeys and Situations That Can
Represent Some Danger on the Road

In this section, the goal is to determine which help method drivers prefer to avoid
distractions, drowsiness or help them relax when they are stressed on long trips, situations
which can often lead to an accident. It is interesting to note that, given the question of
whether drivers get distracted while driving, 13% answered that they never did and 77%
only rarely, leaving only 10% who answered ‘sometimes’. Then, we consider the behavior
of drivers on long trips and what helps them avoid distractions based on their profile.
The results are shown in Figure 1 (Questions: “On long trips, you are more likely to...?”
and “What helps you avoid distractions the most?”), where it is possible to see that most
drivers choose to listen to music on long trips. Excluding drivers who claim to feel good
throughout the trip, the following risk factors are drowsiness, stress and distraction.
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Figure 1. How drivers prefer the assistant on long trips, based on their profile while driving.

Additionally, data from the survey show drivers who feel sleepy on long trips mostly
prefer (57%) the option of drinking a caffeinated beverage. In addition, those who are
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stressed on long trips mostly prefer (71%) to listen to music to relax, compared to other
options such as controlling their breathing or warning them that they are stressed. On
the other hand, the information that the driver would like to receive about the weather
may be related to the level of stress involved when driving in adverse weather conditions
(Questions: “How much does driving in the rain/snow/icy conditions stress you?”). Thus,
the degree of stress when driving in rain, snow or sheets of ice has been compared with
information on the weather that the driver wants to receive from the ADAS (Question:
“Which of the following information regarding the weather would you like to receive from
the assistant?”, “Dangerous weather conditions in the next few minutes”, “There are icy
patches on the road”, “There are areas of fog further ahead”). The results are indicated
graphically in Figure 2.
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Figure 2. Analysis of weather-related stress and weather information wanted by drivers: (a) Interest
in: dangerous weather conditions; (b) Interest in: sheets of ice; (c) Interest in: fog areas.

Interesting conclusions are obtained analyzing the results of Figure 2. On the one hand,
the vast majority of drivers (more than 80% in all cases), regardless of the degree and type of
weather-related stress, want to be notified of the presence of sheets of ice on the road. These
results are consistent with those obtained in Section 3.4.4, which highlights the danger
of icy conditions on the roads and the importance that drivers give to these warnings.
On the other hand, there is an association (p-value < 0.05) between the notifications of
“dangerous weather conditions” and “areas of fog further along the road” and the degree
of stress manifested by the respondents. Thus, the greater the degree of stress with the
different weather adversities, the higher the percentage of those who want to be notified of
those circumstances.

3.7. Discussion

This section presents a summary of several criteria for defining an ADAS, based on
user preferences that we have gathered and shown in previous sections. In Tables 11 and 12,
we present the most relevant criteria that should be taken into account in the design of an
ADAS, the most chosen option and differentiation, when applicable, based on age, gender
and country, and whether it refers to a driver who has already used an assistant.
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Table 11. Summary of driver’s preferences regarding usefulness.

Criteria Main Option Differentiation

General usefulness of an
assistant

Very useful, in more than 90% of
cases, in drivers with and
without ADAS

By age: for drivers without an assistant, there is less awareness of
usefulness for those over the age of 60.
By gender: women surveyed that use assistants give them more
importance than men when driving through unfamiliar areas.

What can be improved
on an ADAS?

System interaction and
notifications

Interaction with the system:
By age: the younger group is critical compared to the other age
groups, regarding the graphics and the interaction component with
the system.
By gender: men give more value to the graphic part than women.

Table 12. Summary of drivers’ preferences regarding design preferences.

Criteria Main Option Differentiation

When do drivers want to
receive notifications?

Only when there is something relevant
to report. They do not want periodic or
programmable notifications.

How do drivers want to
receive notifications? With an audio notification

What do they want to know
about?

Approaching an accident; Approaching
a traffic jam; Driving in the wrong
direction; General weather conditions
especially ice; When they start to get
tired, when they exceed the
maximum speed

In Portugal there is more interest in knowing when
driving aggressively, compared to Spanish drivers (51%
versus 29%). Additionally, in terms of information on air
quality, the Portuguese are more interested in this
information (60% against 33%). Information on tiredness
is more important for people over 40 (70%) than below
this age (57%). Regarding fatigue, women give it less
importance (56%) than men (67%). As regards ice on the
road, Spanish drivers give more importance to this
information (89%) compared to the Portuguese (69%).

What they do not want to be
informed about When they are smoking.

Preferential form
of relaxation Listen to music

In Portugal this preference is more pronounced (84%)
than in Spain (70%).
In drivers without assistants, the % of music choice is
higher for women (41%) than men (32%). Those under
40 prefer to listen to music (43%) and only 10% radio. In
Portugal, the option “listen to music” is more relevant
(49%) than in Spain (31%), where the most relevant is
radio (34%). Users of ADAS under 40 prefer to listen to
music (45%) rather than radio whilst with users over the
age of 60 it is just the opposite.

Preferential form of
notification in case
of distraction

Audio notifications

For the audio notifications there is no differentiation.
There is an association by country and by gender for
visual notifications, being higher in Portugal than in
Spain and in men (37.4%) than in women (19.0%).

Preferred way to
avoid drowsiness Drink caffeinated beverages

Use of avatar

Overall, there is no preference for a
more user-friendly avatar in relation to
a message, either in relation to the
avatar image or its gender

In drivers with assistants, in Portugal they prefer a
cartoon (41%) while in Spain they have no preference
(61%). Regarding gender, there is a strong preference for
a female avatar, more chosen by men than women,
regardless of being or not users of ADAS. In users of
ADAS, there is a greater preference for a female avatar
in Portugal (40%) than in Spain (18%).
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Regarding driver behavior and driver preferences, the analysis allows to conclude
that, while driving, drivers can be distracted, be overly stressed and sleepy. For these
cases, the action of the driving assistant can be of great help to mitigate these effects. In
these cases, actions such as reminders to stay alert, turn on the radio or play music can
help make driving safer. Likewise, driving in adverse weather conditions can be a cause
of stress for drivers, decreasing their ability to drive safely. In these cases, the assistant’s
notifications about the existence of adverse conditions could help mitigate the stress of
the driver. From the analysis of drivers’ preferences, although all the notifications are
significant for improved driving, great importance is given by the respondents to being
notified of icy patches and it is worth highlighting the relationship between the degree of
stress and the requirement of notifications of adverse weather conditions.

4. Prototype
4.1. Overview

As stated in Section 2, the existing ADASs fail to consider all of the factors which
affect driving behavior. Therefore, we aim for the creation of a system that considers all the
factors mentioned: driver’s mood and biometric measurements, cabin characteristics and
vehicle monitorization, so we can also test the results obtained in the survey. At this stage,
this is still a prototype in development for research purposes and, therefore, it cannot be
compared with the ones from real car manufacturers. Our goal is to prove that it is possible
and interesting to create an advanced system capable of assisting, advising and motivating
the driver without affecting the vehicle’s cost, making a positive impact in the driving
process. In the future, this service could even be implemented in the CarPC itself to obtain
the data from automotive-grade sensors, which would make it even easier to integrate in
the vehicle.

We have designed and implemented the prototype taking into account the user’s pref-
erences. The proposed system collects data from different sensors installed in the cockpit
and also from the On-Board Diagnostic version 2 (OBD-II) of the vehicle, which monitors
the speed, throttle position and rpms. The data collected by the sensors are temperature,
humidity, pressure, light, air quality, noise and GPS information (speed, latitude, longitude,
altitude). We have also included a sensor to collect biometric information from the driver
using a heart rate monitor. In addition, from the GPS position values, the system connects
with Internet services that provide the name of the road such as the type (motorway,
urban . . . ), number of lanes, maximum speed, etc., as well as weather conditions in the
specific location. The real-time information gathered from the sensors and the OBD-II is
processed, detecting driving patterns and different events to be considered. Then, using
an expert system, recommendations are generated based on the information collected and
analyzed in conjunction with the driver model and the road context, triggering status
updates which feed the system. These recommendations are visually projected on an
interface accompanied by an avatar, specifically designed for this ADAS prototype by a
graphic designer. In addition, according to the preferences of the users, sound notifications
are also included.

4.2. Architecture

Figure 3 shows the architecture of the developed prototype. When the vehicle starts,
the assistant contacts with the central system and updates the base for the driving status,
the driver model and the rules set. All the elements are produced in the central system
using machine-learning processes and are loaded in the expert system engine designed for
low resource systems.



Sustainability 2021, 13, 3932 19 of 25

Sustainability 2021, 13, x FOR PEER REVIEW 19 of 25 
 

jected on an interface accompanied by an avatar, specifically designed for this ADAS pro-

totype by a graphic designer. In addition, according to the preferences of the users, sound 

notifications are also included. 

4.2. Architecture 

Figure 3 shows the architecture of the developed prototype. When the vehicle starts, 

the assistant contacts with the central system and updates the base for the driving status, 

the driver model and the rules set. All the elements are produced in the central system 

using machine-learning processes and are loaded in the expert system engine designed 

for low resource systems. 

 

Figure 3. Architecture of the ADAS prototype. 

The driver model includes general characteristics of the driver such as gender, age, 

biometric info, mean value of heart rate driving in different situations, as well as their 

preferences (if they enjoy driving or listening to loud music, if they get stressed easily or 

even if they tend to suffer drowsiness), driving profile information (e.g., aggressive) and 

several data drawn from previous behaviors such as usual journeys or if they typically 

drive on motorways, urban or suburban roads. Some information on the type of car is also 

included, such as the type of vehicle, the fuel that it uses or the transmission (manual or 

automatic). 

As for the driving status, it stores data such as the duration and the time of the day 

of the current and previous trip, the driver’s mood, the rest between trips, the frequency 

of sudden accelerations and braking, the current location and the weather. 

A knowledge base is created at the beginning of each trip, which includes the driver 

model and the driving status. It obtains the data of the last trip and begins to detect events 

and patterns of the current one that indicate a change in the behavior or driving condi-

tions, triggering the rules set which updates the status, offering feedback. Whenever that 

happens, the system generates the necessary messages for the driver through audio and 

visual notifications in order to change their actions or motivate them. 

  

Figure 3. Architecture of the ADAS prototype.

The driver model includes general characteristics of the driver such as gender, age,
biometric info, mean value of heart rate driving in different situations, as well as their
preferences (if they enjoy driving or listening to loud music, if they get stressed easily or
even if they tend to suffer drowsiness), driving profile information (e.g., aggressive) and
several data drawn from previous behaviors such as usual journeys or if they typically
drive on motorways, urban or suburban roads. Some information on the type of car is
also included, such as the type of vehicle, the fuel that it uses or the transmission (manual
or automatic).

As for the driving status, it stores data such as the duration and the time of the day of
the current and previous trip, the driver’s mood, the rest between trips, the frequency of
sudden accelerations and braking, the current location and the weather.

A knowledge base is created at the beginning of each trip, which includes the driver
model and the driving status. It obtains the data of the last trip and begins to detect
events and patterns of the current one that indicate a change in the behavior or driving
conditions, triggering the rules set which updates the status, offering feedback. Whenever
that happens, the system generates the necessary messages for the driver through audio
and visual notifications in order to change their actions or motivate them.

4.3. Technologies

The prototype has been developed using a Raspberry-Pi to create an embedded device
and the different sensors are connected to a printed circuit board, as shown in Figure 4.
The local storage system for the data collected (by the sensors and through the vehicle’s
OBD-II port) is based on SQLite, which helps not to overload the system. Data capture
and storage is carried out every 0.5 s. As for the rule system, it is developed in Python
using the engine provided by durable-rules (https://pypi.org/project/durable-rules/,
accessed on 30 March 2021) to analyze the events and generate the response of the system
accordingly. The graphic interface was implemented using the library provided by Tkinter,
and the audio using Pygame. The knowledge base consists of a dictionary that contains
both the driving status and the driver model so that it can be easily accessed.

https://pypi.org/project/durable-rules/
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Figure 4. Raspberry-Pi connected to the PCB containing all the sensors.

Python Overpass (OverPy) was used for the road information through the GPS coordi-
nates. It allows to request information on the roads and their characteristics surrounding a
specific GPS location. It provides data such as the type, number of lanes, maximum speed,
surface type, etc. The Open Weather API is the chosen method to obtain the weather condi-
tions. From a set of coordinates, it offers information regarding the weather conditions,
temperature (maximum, minimum, what it feels like), humidity, pressure, wind or even
the sunrise and sunset time.

4.4. Test Scenarios

The prototype has been tested in a real environment where the sensors and the screen
have been installed in a private vehicle. Then, different routes were made in an urban area,
under different environmental conditions to check the operation of the rule system.

Table 13 presents a set of examples of the events and recommendations generated by
the rules system. The parameters considered are selected only for demonstration purposes,
since the variables will be generated and updated by the central system according to the
specific driver. In Figure 5, two examples of the messages presented by the interface are
shown. The rules take into account basic characteristics of the driver and the driving status
to make recommendations of actions that would improve safety, comfort and focus.

To complete the evaluation of the real system, we have carried out performance tests
where we obtained a CPU and memory consumption of 1.7% and 1.3%, respectively, in the
worst case. With these results we can conclude that the consumption of system resources is
very low for the use cases tested.
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Table 13. Examples of events and recommendations in the ADAS prototype.

Event Rule Recommendation

Tiredness detected

-Driver model: frequent drowsiness, enjoys driving
-Driving status: daytime, 2 h travelled

“It has already been 2 h. Why don’t you take
a break?”

-Driver model: frequent drowsiness
-Driving status: night-time, 1 h travelled

“It is night-time, you tend to suffer from
drowsiness, and it has been 1 h. Why don’t
you take a break?” (Figure 5a)

-Driver model: infrequent drowsiness, enjoys driving
-Driving status: daytime, 3 h travelled

“You should take a break even if you don’t
feel tired. It has been 3 h.”

High noise detected
-Driver model: does not enjoy loud music, tends to
suffer stress
-Driving status: high noise

“Could you turn the music down? It is too
loud” (Figure 5b)

First trip of the day

-Driver model: gets distracted easily, does not
enjoy driving
-Driving status: early in the morning, more than 8 h
since last trip, bad weather

“Welcome. We have many hours ahead of us
and the weather seems to be bad. Today we
need to focus.”

-Driver model: enjoys driving
-Driving status: early in the morning, more than 8 h
since last trip, good weather

“Welcome. It is a nice day to be driving,
don’t you think? Let’s go!”

High stress detected

-Driver model: tends to suffer stress and does not
enjoy driving
-Driving status: night-time, high heart rate, driving on
a motorway, frequent accelerations and braking

“Is everything ok? I’m detecting stress, it is
night-time and your behavior is erratic. Shall
we take a break?”

5. Discussions and Conclusions

This paper presents the results of an extensive survey regarding drivers in Spain and
Portugal with the objective of discovering the aspects that influence more significantly in
driving and the functionalities that drivers consider important to be included in a driving
assistant. For this purpose, we designed a survey that was answered by 888 drivers,
and that was classified into 8 sets according to the topic they address: characteristics of
the drivers, work-related stress, driver lifestyle, vehicle features and main use, driving
behavior, driving distractions, driving stress and driving assistant.

Existing ADAS consider only basic aspects related to driving safety and efficiency and
do not take into account all the information included in this study. Thus, the survey carried
out with drivers of varied characteristics seeks to ascertain which aspects can improve
the design and performance of the driving assistants. In the survey, main risk situations
and different alternatives on how to alert the driver have been studied. Not only have
individual aspects been considered, but different combinations of factors have also been
analyzed and correlated in order to find dependencies to determine a set of intelligent rules
to optimize the performance of ADAS.

This work has demonstrated that the personal characteristics of the driver (mood,
fatigue and stress), combined with other elements of the driving context (road conditions,
traffic, weather, cabin conditions) and data on the vehicle mechanics clearly influence the
recommendations to be provided by the assistant. All these aspects are not included in
commercial solutions and have not been considered in the related work. The analysis
carried out on some of the most recent studies on ADAS has concluded that none of
them consider all the variables we have included in our study. From the point of view
of the parameters considered, [16] is the most complete and comprehensive study we
found, taking into account factors of a different nature (driver, road, weather and vehicle).
However, the authors do not explore the rules that affect the recommendations to the
driver. Regarding commercial solutions, vehicle manufacturers are incorporating driving
assistants focused on safety and fuel consumption, but they make a very limited use of
information about the driver’s state and preferences, or the vehicle cabin.
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We have considered, whenever applicable, differences in age, gender and country
in the preferences for the ADAS. Regarding usefulness, we found that in more than 90%
of cases, drivers find an ADAS very useful and also found some associations by age
and gender. Among the information drivers want to be notified about, the following
are included: approaching an accident; approaching a traffic jam; driving in the wrong
direction; general adverse weather conditions, especially ice; when starting to get tired,
when exceeding the speed limit. Conversely, drivers do not want to be notified when they
are smoking. Listening to music is the most preferred form of relaxation and drinking a
caffeinated beverage is the chosen method to fight drowsiness.

This study has confirmed that, although ADASs are not as popular as would be
desirable, they are generally considered very useful, especially by young people and while
driving on unknown roads. However, they are in need of major changes in order to
gain acceptance, improving the quality of the assistance in terms of how and what the
system gives information about. With all of this in mind, we have proposed a low-cost
and minimally invasive prototype that considers not only the external data, but also the
driver’s characteristics and emotional state. Thanks to various sensors placed in the car and
on the driver, as well as communication with Internet services and a previous analysis of
the driver’s profile, the recommendations are adapted to the specific circumstances of each
trip and person. The main contribution of the proposed ADAS prototype is the intelligence
rule system designed. The real-time recommendations shown to the drivers are based on a
complex set of rules that take into account all the collected information.

Future steps include refining the particularization of the recommendations and in-
creasing the number of driver’s features to be considered and analyzed. In addition, it
would be interesting to include remote processing of the data gathered during each trip in
order to allow the system to be updated automatically, recognizing driving patterns and
sequences based on the detected behavior. By doing so, a greater number and more specific
recommendations can be included. Notifications through seat belt vibration in critical
events could also be incorporated. In addition, more evaluation tests in real environments
should be carried out. Finally, the impact ADAS recommendations can have on traffic
congestion could be studied in more depth, considering the direct influence the driver
behavior has on the traffic conditions. In this way, it will be possible to map the user’s
behavior with the state of the traffic and how changes in the way of driving can represent a
decrease in the number of accidents as well as in situations of congestion.
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