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Abstract

The PROLOGUE project constitutes a first step for understanding the methodology in-
volved in carrying out naturalistic driving (ND) research. ND is defined in Deliverable
1.1 as “...unobtrusively observing normal drivers in their normal driving context while
driving their own vehicles.” In order to clarify this methodology, 5 different field trials set
in different parts of Europe have been performed. These trials use different ap-
proaches, instrumental, and portray different goals. The common goal is a picture of
the possibilities, drawbacks and potential applications of ND research.

This document reports the PROLOGUE Field Trial in Valencia, Spain. This trial uses a
highly instrumented car named ARGOS for evaluating the on-road behaviour of a small
sample of drivers using in-vehicle information systems. The report includes a descrip-
tion of the capabilities and technology of the ARGOS car, a description of a field trial
planned to evaluate the use of a navigator while driving, the logistic and technical chal-
lenges of this field trial, and the lessons learnt for future studies using this methodology
and equipment.

We regard the experience gained running this field trial as very valuable. The ARGOS
car has shown to be potentially useful in the context of naturalistic observation studies.
However, we have also realized that without a deep knowledge of its characteristics,
results may not be as satisfactory as would be desirable.
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Executive Summary

The PROLOGUE project constitutes a first step for understanding the methodology in-
volved in carrying out naturalistic driving (ND) research. ND is defined in Deliverable
1.1 as “...unobtrusively observing normal drivers in their normal driving context while
driving their own vehicles.” ND research is regarded necessary because there is evi-
dence that there are driving behaviours that cannot be elicited in the laboratory or stud-
ied using other methodologies such as surveys, group discussions, epidemiological
studies, etc.

In naturalistic driving studies, one important methodological issue is the trade-off be-
tween amount of data, cost and other considerations. In an ideal world, we would
choose collecting as much data as possible in order to test various kinds of hypothe-
ses. However, in the real world, increasing the information excessively carries larger
costs, more difficult experimental settings, and so on. It may be the case that advan-
tages prevail over the disadvantages, or it may be the opposite. Either way, without ex-
perience on experiments of this type, it is very difficult to discern what the best option
is. It may even be the case that there is not a best option at all, but that different types
of equipment and methodology can be appropriate for different studies.

The field trial in Spain explores using a highly instrumented car for performing research
on ND. The capabilities of this car include video recording of the internal and external
scenario, measurements of the longitudinal control and lateral control, eye-tracking,
fuel consumption, and many others. This car, named ARGOS (derived from the greek
mythology where according to a legend ARGOS was a giant with 100 eyes appearing
as an effective watchman), was funded by the DGT" in Spain and developed in collabo-
ration with the UPM?. However, as it had not been tested in practice before, it was not
clear whether it would perform adequately in actual trials. Therefore, we set up a trial
with the primary objective of exploring its functioning, but in order to establish a realistic
setting for testing the car, we also set as an objective of the trial to observe the effects
of the use of Nomadic Devices (NOD while driving. This second objective can be re-
garded as secondary/instrumental with respect to the main objective of evaluating the
capabilities and limitations of the ARGOS car.

This report describes the lessons learnt in the process of setting up the trial, running it
and analyzing the data. In this process, we found out a number of specific issues that
are important for the success of trials with the conditions described here. Research car-
ried out with the ARGOS or similar cars should pay attention to these issues in order to
avoid jeopardizing the results. One that has special relevance is, that the use of the
ARGOS car for conducting ND research contradicts the strict definition of naturalistic
driving which implies that subjects drive in their normal driving context and in their own
cars, but trials with the ARGOS car require driving a new car for roads different from
that the subjects normally drive.

In the analysis of the data we have paid special attention to the identification and de-
scription of incidents while driving. The ARGOS car renders itself as an excellent tool
for very in depth dissection of specific incidents that may be difficult to summarize sta-
tistically. The reference here is the accident reconstruction methodology, but with the
goal of understanding the circumstances surrounding incidents instead of crashes. The
advantage is that, once an incident has been identified in the data, there is a wealth of
information that makes it possible to analyze it in a very detailed way. For this goal, in-
strumented cars may prove to be invaluable.

! Direccién General de Tréfico, Madrid, Spain
2 Universidad Politécnica de Madrid, Spain
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As a general conclusion, we think that the ARGOS car or similar instrumented cars can
be useful for research on naturalistic driving, or other type of on-road research. How-
ever, it is very important to know the tool and its limitations in order to avoid the several
possible pitfalls along the way that might jeopardize the results obtained with it.
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1

Introduction

The PROLOGUE (PROmoting real Life Observation for Gaining Understanding of road
user behavior in Europe) project intends to demonstrate the interest of Naturalistic Driv-
ing (ND) research for investigating traffic safety of road users. ND is defined in Deliver-
able 1.1 of this project as “...unobtrusively observing normal drivers in their normal driv-
ing context while driving their own vehicles.” In the context of this project, several field
trials in different countries will be carried out, using different instrumentations in order
to gain experience on the strengths, weaknesses and potentials of ND methodology.
This deliverable will report the field trial in Spain, which has as main goal exploring the
features of a highly instrumented car—called ARGOS- for conducting ND research.

In naturalistic driving studies, one important methodological issue is the trade-off be-
tween amount of data, cost and other considerations. In an ideal world, we would
choose collecting as much data as possible in order to test various kinds of hypothe-
ses. However, in the real world, increasing the information excessively carries larger
costs, more difficult experimental settings, and so on. It may be the case that advan-
tages prevail over the disadvantages, or it may be the opposite. Either way, without ex-
perience on experiments of this type, it is very difficult to discern what the best option
is. It may even be the case that there is not a best option at all, but that different types
of equipment and methodology can be appropriate for different studies.

The field trial in Spain explores using a highly instrumented car for performing research
on ND. This car, named ARGOS, was funded by the DGT in Spain and developed in
collaboration with the UPM. The capabilities of this car include video recording of the
internal and external scenario, measurements of the car dynamics and driver-car-
interactions, eye-tracking, parameters like fuel consumption, and many others. How-
ever, as it had not been tested in practice before, it was not clear whether it would per-
form adequately in actual trials. Therefore, we set up a trial with the primary objective
of exploring its functioning, but in order to establish a realistic setting for testing the car,
we also set as an objective of the trial to observe the effects of the use of ) while driv-
ing. This second objective can be regarded as secondary/instrumental with respect to
the main objective of evaluating the capabilities and limitations of the ARGOS car for
Naturalistic driving.

Several studies have already investigated on the effects of usage of IVIS on driving
performance using mainly traditional methodologies like simulated driving. However
real driving includes some more variables that cannot be generated in these traditional
research methods like for example complex interactions with other road users or the
responsible feeling of the driver driving in real traffic conditions.

Summarized the main objectives of the Spanish small-scale field trial are:
. to get an idea of the use of the ARGOS car in ND studies
o to explore its strength, weaknesses and potentials for ND studies,

o to investigate the effects of using IVIS on driving performance.

This introduction will present the topic of naturalistic driving with regard to the Spanish
field trial and a brief introduction of the topic of the distracting effect of using homadic
devices while driving.

| PROLOGUE Deliverable D3.5 | |8]
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1.1 Naturalistic driving

McLaughlin et al. (2008) set the common methods for studying driving performance on
a continuum, with controlled experiments (high control and low external validity) on the
one side and naturalistic studies (low control and high external validity) on the other
side. Studies in test tracks would be located somewhat in the middle of this continuum.
Although ND studies have more external validity than experiments, they are more cost-
ly, both in time and money, and they are more difficult to interpret, as there are more
factors potentially intervening.

ND produces information that has a low density in terms of data, i.e., most of the time
the information collected is not relevant for the research questions investigated. This
feature that could be regarded as a weakness of this methodology is in fact one of its
strengths in order to answer research questions such as the effects of driver distraction
and inattention on driving. Hence, ND can tell something about the relative risk associ-
ated with certain distractions because it gives information about the exposure to a risk
factor, i.e., how often the drivers are exposed to a certain risk but also how often they
are not exposed to this risk.

Another method used for studying driver behavior is self report questionnaires and sur-
veys. Self reports can be focused on the research questions and consequently provide
data that are highly relevant for the issue under study. However, these measures are
indirect measures of the behavior of interest and are prone to the bias usually associ-
ated with this method of investigation (social desirability, inadequate response options,
etc.).

Epidemiological studies and crash studies are methods that share the objective of
studying accidents rather than the normal behavior. In epidemiological studies, data-
bases of accidents usually collected by the authorities are used for analyzing what va-
riables are usually associated with traffic accidents: types of roads, characteristics of
drivers and cars, etc. In crash studies, every accident is analyzed in detail and a rigor-
ous description of the events associated with it is carried out. This is an improvement
over simple description of the accidents as carried out by the police or the insurance
companies, but still many of the details are not available for the researcher.

ND is a method for the direct observation of the behavior that has the ecological valid-
ity, that other methods lack—as the participants drive their cars in their normal contexts
without any intervention from the experimenters. However, as the participants are
aware of being part of an experiment, it is still possible that they do not behave as they
would normally do in normal driving. An important advantage over the other methods is
the possibility of studying near crashes or incidents, which are rarely reported by driv-
ers. Additionally, crashes occurring during the trials would constitute a very interesting
source of information for understanding the events that precede accidents.

Note that direct observation of the driver may not be enough for understanding the
whole driving situation in specific moments. So, in order to understand the events as-
sociated with a crash or near crash, we also need observation of the context of the
driving (other vehicles, weather, type of road, etc.), measurements of the variables of
the car (braking, speed, etc.), position of the car and specific details of the driver's be-
havior that are not susceptible of being studied without help (i.e. eye glance behavior).

However, increasing the amount of information collected about the driver often implies
augmenting the sophistication of the equipment used in the research. In our case, the
ARGOS car features a large number of sensors, video cameras and other devices for
registering activity both inside and outside of it. These devices turn the car into a mo-
bile laboratory appropriate for studying the on-road behavior of drivers. However, this
sophistication comes with the price of greater complexity in the instrumentation, which
may hinder the possible usefulness of the tool in some cases. Therefore, obtaining ac-
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1.2

tual experience on how to carry out field trials is regarded as fundamental towards an
adequate utilization of the ARGOS car for naturalistic driving research.

The approach of using a highly instrumented car for research on ND has been used in
the PROLOGUE project in Greece and Spain. The car used in Greece, apart from
structural differences due to the specific technology used in each case, presents many
similarities to the ARGOS car. Therefore, advantages and disadvantages of this ap-
proach will be shared in many cases in both trials. The differences between two studies
may arise in connection with the different specific research goals set in both studies,
namely, the influence of the use of nomadic devices in Spain and the use of advanced
driving assistance systems (ADAS).

Trials in Israel and Austria, however, use cars that are not so heavily instrumented. On
the one hand, this makes the driving experience more natural for the participants but,
on the other hand, the information collected is not that extensive. Depending on the
goals of research, this relative lack of information may turn out to be critical. Specifi-
cally, analysis of near crashes or incidents may be difficult as some of the key ele-
ments for interpreting the event will be missing.

The use of nomadic devices whilst driving

The field trial in Spain explores using a highly instrumented car for performing research
on ND. Two objectives, set at different levels, will be explored in this trial, namely:

1) Test the technological and methodological aspects of the ARGOS-car and its suit-
ability for ND driving research.

2) Investigate the effects of the use of Nomadic devices while driving and the relation
with incidents.

Note that our second goal is set mainly for instrumental reasons as our main goal is to
test the ARGOS car in a realistic research setting. Therefore, we do not expect to find
conclusive results about this topic within the PROLOGUE project. However, we reckon
that the experience gained with this trial would be insufficient for accomplishing our first
objective without setting a specific goal of research. In particular we decided to test the
following specific research questions:

o RQZ1: Are there more incidents when the drivers use the IVIS in the car?
o RQ2: Do drivers look at the IVIS when they have incidents?

o RQ3: Are incidents associated with high or low values of certain parameters of
the vehicle?

The importance of these questions stems from the lack of naturalistic research about
the distractive effects of using nomadic devices. So, although there is an important
body of research on this topic carried out using other types of methodologies, ND stud-
ies are still scarce on it. These studies are especially important because it is the only
way to obtain prevalence data on the use of nomadic devices in the car, which is itself
part of the analysis of relative risks associated with distraction factors. It is worth to re-
mark that ND research may challenge the results found with other methodologies: as
found by Olson et al. (2009) talking or listening to a hands-free phone might have pro-
tective effects for commercial vehicle drivers—probably because of behavioural adap-
tation consequence of risk perception.

The exponential increase in the use of IVIS while driving is deemed a potentially impor-
tant risk for the safety of driver and has been the objective of measures taken from the
European Commission (EC). Thus, the EC issued the European statement of principles
on human-machine interface for in-vehicle information and communication systems
(EC, 2006) and supported the creation of a forum on nomadic devices acting as a Eu-
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ropean consensus platform for the different stakeholders. Furthermore, the EC has
funded projects that have addressed this topic. AIDE (www.aide-eu.org), for example,
explored the technological challenges of new innovative solutions for HCls in the car.
TeleFOT (www.telefot.eu) is a large scale collaborative project aimed to test the im-
pacts and functions provided by aftermarket and nomadic devices. However, whereas
these efforts have undoubtedly contributed to the general knowledge on the topic and
awareness of this issue, there is still considerable territory remaining unexplored.

Research on the consequences of using nomadic devices in the car has been carried
out using different approaches. Laboratory tests and test track studies have provided
basic knowledge about the potential effects for distraction produced by these devices,
as well as ideas for improving them. Epidemiological research has contributed with an
estimation of the gross effects of these devices on traffic accidents (Breen Consulting,
2009). Finally, subjective measures such as in-depth interviews and observational me-
thods with an evaluator in the car have also been utilized.

Among the devices studied, the use of mobile phone while driving has received much
attention by researchers (Brusque et al., 2006. In general, all studies have concluded
that phoning has a negative effect on driving, regardless of the type of phone (hands
free or hand held). The effects have been found to be worse than speaking with a pas-
senger. Epidemiological research has found that mobile phone users have a higher risk
of collision than non mobile phone users (Stevens & Minton,2001; Redelmeier & Tib-
shirani, 1997; Violanti, 1998; Green, 2004). Surveys have been used to evaluate the
characteristics of phone users and attitudes, finding that regular users have generally
higher annual mileage, more powerful vehicles, riskier driving skills and a poorer per-
ception of the risk while phoning (Sullman & Bass, 2004; Brusque & Alauzet, 2006;
Poysti et al., 2004).

Other tasks that have been studied are related with consulting traffic, weather informa-
tion and guidance and navigation information. In general, the worst consequences of
these devices come from manipulating the device as in introducing destinations in a
navigator. For example, Nowakowsky et al. (2000) found that tasks taking too long to
complete produced more lane deviations. Tsimhony et al. (2002) observed an increase
in the headway distance and the reduction of speed during the execution of a secon-
dary task.

The PROLOGUE field trial in Valencia set the objective of using the naturalistic driving
methodology for researching the consequences of the use of nomadic devices. Using
the ARGOS car, we wanted to observe drivers that had electronic devices at their dis-
posal with the expectation that they would interact with these devices. The analysis of
these interactions would be a good source of insight about the effects of these devices
on everyday driving and the hazards associated with their use.

Although the previous research displays a very coherent picture—that nomadic devices
are potentially a source of distraction for drivers—there is still the question whether this
effect found in laboratories can be reproduced in real conditions. Research on this topic
has found that distractions are associated with longer duration of eye glances to the
side mirrors and inside the vehicle (Barret al. 2003), higher levels of no hands at the
steering wheel, and other adverse events (Stutts et al. 2005). But also in some cases
evidence has been found of protective effects of keeping conversations such as in the
aforementioned work by Olson et al. (2009). Therefore, it seems important to carry out
research using ND methodology, as the possibility exists that the results may defy
those found previously with other methodologies.

The TeleFOT project is probably going to be one of the most important sources of in-
formation about this issue. This project is setting several hundreds of equipped cars on
the road in order to explore a number of hypotheses related with the use of these de-
vices. FOT'’s are regarded as different of ND because, as signaled in section 2.1 of the
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Deliverable 1.1 of PROLOGUE, in FOT's the emphasis is on testing the technology and
improving it, and less on the driver.

1.3 Plan of this report

The plan of this report is the following: firstly it describes the technology used in our tri-
al, i.e., the ARGOS car; secondly, the methodology used in our trial is described, in-
cluding the analysis carried out. Finally, we will discuss the field trial in terms of tech-
nology, methodology and potential for use in further ND studies. The last section will
summarize the results and the lessons learnt at this trial.

| PROLOGUE Deliverable D3.5 | |12
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2 ARGOS car: Technology

This section describes the technology used in the field trial in Valencia. We have used
the ARGOS instrumented car, a vehicle developed by the Universidad Politécnica de
Madrid (UPM) with funding from the Spanish administration (specifically, the General
Directorate of Traffic-“DGT"). This car implements a large number of features useful for
in-depth studies of drivers’ behaviour. However, carrying out trials with ARGOS has re-
quired solving a number of issues related with storage of the information, driver re-
cruitment, data analysis, etc. All these issues, features and problems, will be discussed
in this section.

2.1 Description of ARGOS

In this section we will describe the physical features of the car and the system, and
then provide an in-depth description of the different elements in the car/system.

2.1.1 Physical description

ARGOS is the second generation of a system designed with the purpose of collecting
information and analyzing information about the driver. Figure 1 shows an outside view
of the car where the system is installed: a standard SEAT Alhambra except for frontal
and lateral sensors. Whereas these sensors are not very big, our impression is that
they were visible for drivers in other cars and that they may have altered their driving
because they suspected something special with this car. So, for example, we noticed
fast cars suddenly slowing down when overtaking or too much when stationary at traffic
lights.

Figure 1 The ARGOS car (outside view)
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Unfortunately, the inside view of the ARGOS car is also quite conspicuous. Computers,
screens, and other technical equipment of the system are clearly discernible from the
outside (see Figure 2). Although our first impression was that this should not cause any
problem of importance, our tests showed that in fact they attracted too much attention.
As we were afraid of vandalism or distracting other drivers, we tinted the windows black
to get rid of this problem.

Figure 2 View of ARGOS (inside)

The driver’s cockpit is displayed in Figure 3. Notice the flat screen and the other ele-
ments located near the windscreen. The location of the flat screen forced us to move it
aside in order to reach the on-board navigator and the radio, but it can be taken off

easily if necessary.

Figure 3 Driver’s cockpit
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2.1.2

2.2

221

Systems in ARGOS

There are 5 computer systems in the ARGOS car, namely:

o SCA: System for control and acquisition of information

o SDA: System for storage of information (except video) and user interface
o SAGI: System for storage and management of video

o SPL: System for detecting the lateral position

o IBEO: System for measuring distances

Measures with ARGOS

The ARGOS car is equipped with a number of sensors recording several parameters
that can be grouped in the following categories:

o Dynamics of the car

o Driver vehicle interaction

o Comfort of the driver

o Indicators in the car

o Environmental conditions

o Data acquisition parameters for the driver

o Experimental events

o Video recordings

We will discuss the specific parameters within these categories in the following subsec-
tions. The discussion will also include our actual experiences with the measures and
the solutions for the problems that we have encountered. Please note that we have
chosen to include discussion of some measures that currently are not operational but
can and should be fixed in future trials.

Dynamics of the car

This section will provide a listing of the parameters related to the dynamics of the car,
with special attention to the lateral position system and to the frontal and lateral dis-
tance measures.

The ARGOS car measures the following parameters related to the dynamics of the car:
o Distance travelled (cm): This is the distance travelled in each trip.

. Lateral position (cm) (see below).

J Frontal distance (cm) (see below).

o Lateral distance (cm) (see below).

o Speed (km/h): Obtained from the car.

o Instantaneous acceleration. Measured with an external sensor.

As mentioned before, the lateral position and the frontal distance are special in that
they use specific equipment for recording such information. Hence, we will describe
them separately:
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2.2.1.1 Lateral position

The lateral position in the ARGOS car uses the information from the cameras located in
the front of the car. These cameras estimate the position of the car on the road. The
method employed for estimating the lateral position is based on the automatic analysis
of the images during the driving session. Notice that this analysis is carried out online
in real-time. It allows to time-stamp the records, what is needed for synchronizing the
values with the other sources of data.

Unfortunately, at the moment, the system does not function correctly. Most of the time,
the system does not detect the road markings and as a consequence no values are re-
corded. In the future, if experiments are planned requiring these measurement, it will
be necessary to find out how to fix it.

2.2.1.2 Frontal distance

The measurement of the frontal distance in the ARGOS car is based on the ALASCA
(Automotive LAserSCAnner), “a multilayer laser-based range finding device which
measures the distances to objects surrounding the sensor”.

From the manual, “The ALASCA laser scanner is a measuring instrument based on LI-
DAR technology (Light Detection And Ranging). It scans the surroundings by means of
a rotating infrared laser beam. The built-in laser transmits short rapid-fire pulses that
are reflected by objects in the surroundings. The reflections can be detected by the la-
ser scanner allowing for a measurement of the pulses’ times of flight. From these times
and the velocity of light the distances to the objects can be determined. In parallel the
direction to each object is known from the angular position of the rotating mirror that
deflects the laser beam®.

Using this device, the manual claims that the system is able to register the three near-
est obstacles located in front of the car within a distance of 0 and 282 meters of the
car. In particular, it measures the absolute distance and the angle of the obstacle in re-
lation to the ARGOS, as well as the relative distance taking into account the measured
angle.

As our search for incidents in the data has mainly focused on situations where our car
is close to other cars, what would be indicative of critical situations, we are especially
interested in close to zero values. However, the lowest observed value for this meas-
urement in our tests has been 1.5 m. Also, when the actual distance is between 1.5 ms
and 2.5 ms the reported value fluctuates between -100 (not measurable) and the
measured value. As a consequence, we had to filter out missing values before carrying
out analysis.

A more convoluted problem is that the system does not have different numerical codes
for objects that are either a.) non present, b.) too close, or c.) too far away. Conse-
quently, we need to elaborate a procedure for ensuring proper interpretation of the ob-
served values. Ideally, this would be an automatic procedure, but currently we have to
examine the videos to interpret these values.

2.2.1.3 Lateral distance

ARGOS is able to measure the distance to a car/object moving in parallel to it. Accord-
ing to the manual, the range of the distance between the other object and the ARGOS
car is 1 to 6 m. However, any value lower than 1.6 m showed up in practice in the ac-
tual values measured (even in our own tests setting the car at lower distances than this
distance from the other car).
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The lateral distance sensors as currently located in the ARGOS car are installed on the
passenger back doors. Consequently, the frontal lateral sides are not covered by any
radar. This limitation is particularly important for studies about right or left side turns.
Figure 4 shows in thicker red line the blind area for the radars set in the ARGOS car.
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Figure 4 “Blind” areas in the ARGOS car

222 Driver Vehicle interaction
This set of measurements records the steering actions carried out by the driver as well
as signals to other drivers, lights, etc. The following measures are obtained:
o Steering wheel rotation angle
o Steering wheel rotation speed
. Position of the gas pedal
o Brake pressure
o Position of the clutch
o Handbrake
o Frequency of revolution of the engine
o Gear shift position
J Turn signals
o Horn
o Status of lights
o Status of fog lights
o Regulation of lights

o Use of flashing signals
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The most important measures in this package are probably the steering wheel rotation
angle, the steering wheel rotation speed and the brake pressure. The first one is re-
lated with lateral control of the vehicle and can be used for computing a number of de-
rived measures such as the standard deviation of the wheel rotation (ISO 2003) The
second and third are in principle useful for detecting sudden manoeuvres.

Revolutions of the engine is a parameter related to fuel consumption and can be sub-
jected to analysis in relation to a number of factors: individual drivers, type of road, etc.

Regarding the other parameters (horn, use of flashing signals, etc.), we only expect to
use them in exceptional cases and in relation to specific incidents.

2.2.3 Comfort parameters
The comfort parameters are related to functions in the car not directly related to control
of the vehicle. The following parameters are recorded:
o Window control
o Lock window control
o Car locking control
) Regulation of thermal window
o Parking assistant
o Internal lights

We only expect to use these parameters in exceptional cases.

2.2.4 Dashboard information

The following elements are recorded:
o Oil temperature
o Water temperature

. Level of fuel

) Indicator of alarm of water temperature
o Indicator of alarm of oil pressure

o Indicator of alarm brake fluid

o Indicator of low level of fuel

o Indicator of ABS activation

o Indicator of Airbag control

o Indicator of ESP activation

o Indicator of safety belt

Most of these indicators will only activate occasionally (ABS, ESP, Airbag, Water or oil
temperature, etc.). Level of fuel may be used for estimating consumption.

2.25 Environment

The following elements are recorded:
o Ambient light
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2.2.7

2.3

2.3.1

o Outside temperature
) Inside temperature
o Interior noise

The parameters recorded here may be useful on occasions but we only expect to use
them occasionally.

Data acquisition parameters for the driver

This system is designed to provide us with the coordinates that the driver is looking at
and the diameter of his/her eye pupil.

The ARGOS car has a system for eye-movement measurement. Specifically, it has the
ETS-PC system that consists of an eye camera with mirror tracking system, two IR il-
luminators, a PC with integrated frame grabber and cursor insert electronics, and in-
stalled ETS software. This system is based on determination of the pupil-centre and
the cornea-reflex centres of an eye image acquired by the acquisition unit. The eye
camera of the acquisition unit takes an image of the eye in a distance from 0.5t0 1 m
depending on the setup. The eye is illuminated by two infrared illuminators operating in
the 880 nm near IR wavelength region not visible for the human eye.

Unfortunately, there is a technical problem with the camera that the technicians were
not able to fix after two weeks of work, so we decided to run the trials without it. We are
working to sort out this problem in the future.

Monitoring experiments

The ARGOS car is designed to be used for controlled experiments that can be run
while the driver is at the wheel. This means that it is able to record data from the in-
vehicle tachistoscope, when the car goes by a bollard, experimental stimulus, codes
and comments of the experimenter, etc.

We are not planning to use the experiment capabilities in the ARGOS car so we have
not carried out a thorough check of these functions.

Video data

We will describe the position of the cameras in ARGOS and then we will explain some
of the problems we have found when using them.

Position of the cameras

The ARGOS car has several internal and external cameras installed in it. We will de-
scribe the positions of the cameras and then we will discuss the possibili-
ties/limitations/problems with them.

Numbers in Figure 5 indicate the approximate field of view of the cameras in the AR-
GOS car. Cameras 1 to 4 record the internal view, 5 and 6, external, and 7 back.

Camera 1 records the external view from the interior of the car. This camera is set ap-
proximately above the shoulder of the driver and allows viewing what the driver is see-
ing (Figure 6).

Camera 2 points to the interior of the car in order to capture the face of the driver (and
the co-pilot). The view of this camera is displayed in Figure 7.
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Cameras 3 and 4 are related to the eye tracking system. Camera 3 points to the right
eye of the driver and camera 4 integrates the position of the eye with a view of the
scene, whereas the “scene” can be the outside scenery as well as the inside of the car.
The camera can be adjusted according to the gaze information that is needed. The
views are displayed in Figure 8.

Cameras 5 and 6 are on the front part of the car, embedded in the slot for the fog
lamps. They cover most of the frontal view of the car, with partial overlapping.

Camera 7 is located at the rear of the car. However, in order to cover the maximum of
the field view, it uses a fish-eye lens that distorts the sides considerably.

i >

Figure 5 Cameras in ARGOS. Numbers 1 to 4 are internal cameras and 5 to 7 external
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CAMARA DE ESCENA

Figure 7 View from camera 2
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2.3.2

CAMARA TRASERA

Figure 9 Rear view from camera 7

Video issues

The capability of recording video is undoubtedly one of the most important features of
ARGOS. Therefore, we strived to fix any technical problem related with it as soon as it
turned up, achieving a relatively satisfactory functioning of the system.

The following describes some of the specific problems we encountered:
o Size of the videos

The size of the videos constituted a difficulty for two reasons: the on-board recording
limit and the external storage system.

After initial tests with the car, we realized that a maximum of 6 hours of recording would
push the capabilities of the system to its limits, so we set that sessions would take ap-
proximately 3 hours maximum. This limit worked well in most of the cases but we still
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ran out of storage on a few occasions. In the future, we may have to use a still more
conservative limit to avoid this.

Another consequence of big video files is that the time for downloading copies to an ex-
ternal system was not insignificant: about 2 hours of copying were typically required per
session.

The total size of storage required per hour of recording was about 30 to 40 GB. In our
case, all the sessions amounted to 1.34 TB of storage without backup. Multiplying this
figure by 2 for backups and adding some extra capacity we finally used 5 TB in total for
our trial.

o Lighting

Differences in lighting among streets are a source of problems for recording the videos.
On the one hand, setting the parameters to the most common levels of glare, in the
cases where this was possible, produced videos that were non usable in small and
dark streets. This problem affected all the cameras but was even more important for
the camera that displayed a general view of the scenario, as it did not adjust automati-
cally for brightness. Additionally, cameras that adjusted automatically for brightness
presented their own problems. As an example, if the driver set the sunshade, the face
camera received much reflection and the recording turned completely black (however,
a black plastic bag covering the sunshade fixed this problem).

. Connections

While the design of the ARGOS car is quite robust and able to cope with standard driv-
ing conditions, it had not actually been tested sufficiently before we started working
with it. So, our tests showed that some of the video connections were not as reliable as
they should be and disconnected randomly. In general, after we mended these loose
connections the robustness of the system increased in most cases and the problems
disappeared.

o Camera not working

As mentioned before, the camera for the eye tracking system refused to work and it
was not possible to use it for our trials. Technicians worked on this camera for about
two weeks unsuccessfully before we decided start the trials without it. The failure of this
camera also limited the view of the interior of the car, as other cameras could not be
pointed to the interior of the car.

Data storage

The issue of data storage was discussed previously in relation with the video data. We
had a requirement of about 4-5 Th of storage for our data, separated in two parts: one
that would be used for actual analysis, and the other for backup.

After evaluating different solutions, we resorted to a network server from QNAP that
has the flexibility of adding more storage if needed. This server allows for easy access
from the internet and incorporates data protection measures as well. Backup copies
were handed over to the central computer system services of our university and they
put them inside a fire-proof closet.

Data preparation

This section will deal with technical issues related to the analysis of the data collected
in our trials. Actual data analysis (and results) will be reported in section 4.5.
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There will be two parts in this section. The first part will deal with the numerical output
coming from the different sensors in the car, and the second will focus on the analysis
of the video data.

25.1 Numerical data

The ARGOS car was designed to dump ASCII data files in a format that should be eas-
ily imported in standard statistical programs. Actual experience with the data showed
that the files obtained did not fit with the description in the manuals. This was solved by
programming a new routine that generated the data in a format that we could handle
easily.

As the size of each of these files was of about 161 MB, some of the operations you
normally take for granted for numerical data (i.e. plotting a graph) turned to be very
hard to carry out in practice. So, many of the operations could only be performed with
small sub-selections of the dataset. Additionally, the data recorded often contained val-
ues that were non-applicable, missing or incorrect. For example, periods of time when
the car stood idle had to be filtered out before computing summary statistics.

o Data cleaning

Data cleaning was carried out at the same time the videos were being visualized. Gaps
in the data, sensors non recording, and technical limitations of the sensors were identi-
fied and appropriate actions were undertaken when necessary.

o Data subsetting

The numerical data collected in the trial was imported into a data file of the
SPSS/PASW statistical program. This file had a size of 3.5 GB and about 13 millions
rows. Statistical summaries of this data such as means, standard deviations, etc., could
be calculated easily with standard computer equipment but graphics were not possible
even for relatively small subsets of this data. Therefore, we had to move subsets of the
data to another system (R) for drawing plots. However, given that R relies heavily on
RAM memory, we reached its limits on many occasions.

The subsets of data were analyzed using the SPSS programming language running on
a standard computer. This combination of software/hardware proved to be sufficient for
our purposes but we should not forget that our study is rather small in size. Future
studies with more subjects can reach the limits of the software and hardware used here
and other options may have to be considered.

2.5.2 Video data

The ARGOS car has a built-in system for visualizing the videos. This system is in-
stalled on the computers on board, so, in principle, we were to carry out all the video
analysis within the car. This turned out to be impractical for several reasons so we de-
cided to install the video analysis system on a computer set in our facilities. This proc-
ess took about a week of technician time but we found that the benefits clearly paid off
for this effort.

A strong point in the visualization system of the ARGOS car is its capability of display-
ing the videos together with the numerical data. Although we explored the possibility of
using other computer programs for observational data analysis, two reasons finally re-
frained us from doing that: on the one hand, the aforementioned capability of watching
the data parameters jointly with the videos, and, on the other hand, the video codec
used for the videos was very difficult to find and to install on our computers. Therefore,
we were bound to use the software provided with the car.
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The computer program for video analysis turned out to be very limited in some re-
spects. For instance, it was not possible to move to a specific point in the video without
restarting it, neither to move forward or backward in higher speeds than normal, nor to
repeat specific sequences. Therefore, in order to examine sections of the videos it was
necessary to quit the program and restart it again, a process that ended up being very
impractical. Besides, after 20 minutes of continuous visualization, the images disap-
peared as if the data had not been recorded at all. Fortunately, after the problem was
identified we managed to solve it without any data loss, and, also, we also were able to
improve the software so that specific segments in the data could be selected more eas-
ily.

After working with this program, we think that better solutions might have to be ex-
plored for the video analysis. In particular, commercial solutions for video analysis have
been developed for fields such as sport analysis, race cars, ergonomics, animal behav-
lour research, etc., that might be appropriate for our kind of video data too. Alterna-
tively, in-house software that fitted the specific requirements of naturalistic research
could be developed, but we believe that a sufficient number of research centres should
be involved in such effort to make it successful. Alternatively, a set of technical re-
quirements for video and numerical data could be established that will guarantee the
exchange of data between research centres as well as the creation of centralized re-
positories of data available for reanalysis.

Future work

Although we have solved many issues of the ARGOS car, there are still a few remain-
ing. Among them, we regard the following four as the most important:

o GPS: The ARGOS car has an on-board GPS system that does not work correctly
at the moment. We have developed software for setting the GPS signal on a map
but we have not been able to use it yet.

. Sound and noise: Sound in the driver cockpit was recorded, but a problem with
the codec prevented us from using it.

o Lateral position: We have mentioned that the lateral position system did not work
well in practice in many occasions. Careful choice of roads may be a solution for
this problem.

o Eye tracking system: The system in the ARGOS car did not work well and we
could not fix it during the time scope of the project. We are exploring the possibil-
ity of fixing it or perhaps acquiring a different system.
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Legallethical, practical, and bureaucratic issues

We have described the technical issues with the ARGOS car previously. However, we
knew that running trials with this car might present challenges in other areas apart from
that, so, in order to clarify these issues, we had a number of meetings with different ex-
perts from the university. Also, as we borrowed the ARGOS car from the DGT, we had
to establish the terms of the contract and get it signed by the official representatives of
our organizations. Furthermore, there are legal requirements for driving a car (e.g.
taxes). Last but not least, as the experiments involved a significant amount of time and
effort for the participants in the experiment, we had to find a way to pay them.

In summary, the following subsections provide an account of the different issues we
had to deal with, grouped in 6 categories, namely, legal/ethical, informed consent, in-
surance, car maintenance, contract, and technical inspections

Legal/Ethical

Legal and ethical issues must be taken into account seriously at an early stage within
the planning of a field trial. In our case, we identified two main areas that could be po-
tentially important and we sought legal advice about them. These two issues were data
privacy and safety of participants in the trials.

Regarding data privacy, the University of Valencia has an expert in charge of diagnos-
ing conflicts in this area. This expert pointed out critical content and mentioned neces-
sary elements to integrate in the contract. More specifically, he raised the issue that a
sentence about image rights had to be included, as well as details about what was go-
ing to be recorded and how we were going to manage the data. Fortunately, the Span-
ish law is very specific about these issues and fulfilling the requirements stated in it
was straightforward. After we made the changes he requested, the expert in data pri-
vacy reviewed our informed consent (discussed below) and approved it.

The safety of the participants in the trials was evaluated by the department “Health and
Safety at Work” of the university. This system evaluated the ARGOS car and deter-
mined that there was not any element on it that could be regarded as an additional risk
to what is normal in a car. However, the person evaluating the car brought up the issue
of whether the participants in the experiment should be regarded as workers of the uni-
versity, workers for a different company that provided services for the university, or re-
search collaborators. Initially, we had considered that research collaborators was the
right answer to that question, but then we were informed that research collaborators
cannot receive any type of payment according to Spanish laws. Given that the trials we
were planning required that participants spent a significant amount of time, we were
afraid that no payment would make it impossible to recruit participants for the trial.

Finally, we found a company whose business it is to offer driving services to other
companies or to individuals. This company was able to provide us with the 5 drivers of
different profiles that we required for our trial.

Informed consent

Subijects participating in the experiment signed an informed consent before starting the
trials. The informed consent used in our case was designed according to inputs from
different sources and included the following subsections:

o General description of the project.
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o Description of the procedure of the study and the responsibilities of the partici-
pant. This included subsections on preparation, data collection, timing, maintain-
ing of the vehicle, telephone number in case of incidences, car insurance, and
medical insurance.

o Description of risks.

o Confidentiality of the information.

. Payments

o Conditions for withdrawal of the experiment

A copy of this informed consent (in Spanish) is included in this report Annex I.

Insurance

The insurance of the ARGOS car involved two different aspects. On the one hand, we
had to insure the car as a vehicle, and on the other hand we had to insure the equip-
ment in the car (radars, computers, etc.).

The University of Valencia has an agreement with an insurance company. However,
the coverage refers mainly to static scientific equipment; a car like ARGOS was rather
unusual so they had problems assigning a monetary value to it. However, they found
what they thought was an equivalent type of vehicle (TV vans used for mobile retrans-
missions) and attributed a value to the car according to what they would charge for one
of these vehicles. However, if there had not been an agreement with the university,
they might have refused to insure the car due to its specific characteristics and high
economical value.

Finally, we explored the possibility of insuring the drivers in case of an accident or fatal-
ity that could happen. However, the insurance company assured us that this type of in-
surance was not necessary if we made sure that the car followed the standard safety
regulations. As the health service had already checked the car and issued a positive
report (see 3.1) we dismissed the need of this extra insurance.

Car Maintenance

Before starting the trials we took the car for mechanical maintenance, changing tyres,
oil, etc. There were no major problems with servicing the car except for payment as we
were informed that repair shops only accept direct payment before the car is recovered
by the owner and the university generally transfers money with a delay of about a
month. Fortunately, the university agreed to make an exception in this case and paid
without delay.

The car also carries a big battery that provides power to the computers on board. We
had to buy a new one and again, the seller just accepted direct payment.

In summary, car maintenance is not a problem in general, but payment for the service
or the pieces can be in many cases.

Transfer of the car ARGOS

The DGT, the owner of the car ARGOS, had showed interest in lending the car to our
research centre. Therefore, we counted on this car for performing the field trial within
the project PROLOGUE.

The transfer of the car required signing a contract between the DGT and the University
of Valencia. Terms of the contract were drafted and agreed quite easily, but, the legal
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services of the Spanish administration had to review whether those terms were accord-
ing to the law. Unfortunately, the revision took a very long time and, furthermore, the
outcome was negative. Apparently, the legal terms used for the contract were not ap-
propriate for our case and a new reformulation was necessary. After a new wait, the
new contract was approved but we had lost a few months in the process.

Actually, the car had already been transferred to our facilities before we got the per-
mission to use it, but we were not allowed to use it outdoors before the contract was
signed. Therefore, our activities during this time were limited to learning about the
technical capabilities of the car without testing them in practice.

The contract was signed on the 3" of May, 2010.

Technical inspection

A certificate of technical inspection is required in Spain for driving any type of vehicle
on the road. Cars are bound to be inspected after 4 years of being manufactured and
then every 2 years. Although the ARGOS car was in excellent condition, we were afraid
the non-standard modifications implemented in it might be problematic. Fortunately, the
inspectors understood the specific characteristics of the car and granted permission.
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4 Methodology
This section will give a description of all the procedures followed in the field trial, data
handling and data analysis administered throughout the progression of the trial. The
following subsections will be discussed: Participants, installation specification, geo-
graphical location, data collection, data handling and data analysis.

4.1 Participants
Naturalistic driving requires that subjects behave as natural as possible. However, we
soon realized that the ARGOS car might be a limitation for such requirement. Driving
for long periods was regarded as necessary because after a period of habituation we
expected that subjects would behave as desired. We assumed that having several
sessions consecutively would help the drivers to get accustomed to the driving situa-
tion, the car, etc. In summary, the trial used 5 subjects that drove the car for 4 consecu-
tive days each.
In Table 1 some key characteristics of the participants are presented. The categories
considered are:
o Age of the participant
o Gender of the participant
o 1000km/y: Estimation of kilometres driven per year in thousands
o Use Navigator in his own vehicle (Yes, Often, No)
o Use Telephone in his own vehicle (Yes, Often, No)
J Manipulate radio (Yes, Often, No)
o Manipulate other devices (Yes, Often, No)
o Indicate what other devices
Of course, such a small sample does not permit having sufficient representativeness of
the different conditions of interest. So, we have in general middle age subjects, with
good balance between gender and that use devices in their own vehicles occasionally.
Table 1 Descriptive data for participants in the trial
Age | Gender | 1000km/y | Use Navig. | Use Tel. | Use Radio | Other dev. | What
45 M >30 Yes Yes Yes Often CD
43 M 15-30 No Often Often No -
45 F 5-15 Yes No Yes No -
44 F <5 No No Often No -
36 M 15-30 No No Yes No -

4.2 Geographical location of trial tracks
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The geographical location of the trials was Valencia, Spain. Drivers started driving from
the Institute of Traffic Safety (INTRAS) location, in the Los Naranjos campus of the
University of Valencia at 8:30 AM, heading off to a point located at the North of Valen-
cia. This section is characterized by a two-way motorway that is usually very congested
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in the mornings. This first part of driving gave data that could be easily comparable in-
ter- and intra- individuals.

The second part involved finding a number of addresses in Valencia chosen so that we
considered that their exact location would be unknown to the participants. The drivers
had to locate these addresses either using the navigator on board or using a map.
They did not have any time limit, but they knew that finishing earlier would not be pe-
nalized economically so they had an incentive for working at a good pace.

Figure 10 shows as an example the journey of one of our drivers (second day of third
driver). Position G marks the location of the INTRAS. The journey starts at this position
and follows the sequence B, C, D, E, F and G again. B is the point outside of Valencia
where the subjects drove to in first place. All the subjects drove from A(=G in the map
in Figure 10) to B section every day. After that, this subject drove to C, which is a point
near the historical centre of Valencia characterized by narrow streets and dense traffic.
D is a point in a relatively new area of Valencia with more fluid traffic most of the time.
E is located besides the harbour and F is in the old district near the coastline. The cir-
cle in the figure indicates the area where the destinations that the drivers have to find
every day were located.
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Data collection

Data was collected continuously during every trip. The data collected included numeri-
cal data from the sensors in the car and video data. Description of the numerical
measures taken is available in section 2.2 and of video data in section 2.3. The sec-
tions there also include discussions of problems and issues that arose when collecting
this data.

Subjects were allowed to use the navigator to find the addresses on the second and
fourth day of driving. Therefore, the first and third day were used as the baseline for
comparison purposes. The subjects were given instructions about how to use the navi-
gator in the car, but not about when to use it, or whether to use it at all.
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45.1

Data handling

Data was downloaded from the car daily after each journey. Once the car was parked
in our facilities, data was transferred to the network server described in section 2.4.
This process took about 1,5 hours of time every day after about two hours of driving. A
second copy was recorded afterwards and taken to a safety closet located in a different
building.

Data analysis

As stated in the description of work of the PROLOGUE project, the field trials planned
in this project are principally aimed at exploring the methodological and practical chal-
lenges of naturalistic driving research. In order to explore these issues, we designed
various research questions to be tested in the field trials. In this way, the reliability and
usefulness of the technical and methodological systems could be investigated in pilot
field trials. However, given the low number of subjects tested in our trial, expecting sig-
nificant scientific results would be fairly optimistic. On the other hand, the experience
gained should lead to successful subsequent studies. Thus, as stated in the introduc-
tion, we set a number of simple research questions related with the use of electronic
devices in the car, namely:

o RQ1: Are there more incidents when the drivers use the IVIS in the car?
o RQ2: Do drivers look at the VIS when they have incidents?

o RQ3: Are incidents associated with high or low values of certain parameters of
the vehicle?

We will provide further explanation of these hypotheses jointly with results in the follow-
ing subsections. However, as these results are connected with the definition of an inci-
dent, we will provide a short account of what we consider an incident before discussing
the results. Then, we will describe how the data was analyzed.

Definition of incident

The research hypotheses mentioned above are related to the identification of critical
incidents in driving. In order to define incidents, we use a category system suggested
by Dingus et al. (2005) and Hickman et al. (2005) that was adapted by the VTTP. They
distinguish among 5 categories from more dangerous to less dangerous: crash, near-
crash, crash-relevant conflict, unintentional lane deviation and illegal manoeuvre. Defi-
nitions of these categories are provided below.

o Crash. Any contact with an object, either moving or fixed, at any speed in which
kinetic energy is measurably transferred or dissipated. Includes other vehicles,
roadside barriers, and objects on or off of the roadway, pedestrians, cyclists, or
animals.

o Near-Crash. Any circumstance requiring a rapid, evasive manoeuvre by the sub-
ject vehicle, or any other vehicle, pedestrian, cyclist, or animal to avoid a crash,
OR any circumstance that results in extraordinarily close proximity of the subject
vehicle to any other vehicle, pedestrian, cyclist, animal, or fixed object where,
due to apparent unawareness on the part of the driver(s), pedestrians, cyclists or
animals, there is no avoidance manoeuvre or response. A rapid, evasive ma-
noeuvre is defined as a steering, braking, accelerating, or any combination of
control inputs that approaches the limits of the vehicle capabilities.

% Virginia Tech Transportation Institute, Blacksburg, USA
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o Crash-Relevant Conflict. Any circumstance that requires a crash avoidance re-
sponse on the part of the subject vehicle, any other vehicle, pedestrian, cyclist,
or animal that is less severe than a rapid evasive manoeuvre (as defined above),
but greater in severity than a “normal manoeuvre” to avoid a crash OR any cir-
cumstance that results in close proximity of the subject vehicle to any other vehi-
cle, pedestrian, cyclist, animal, or fixed object where, due to apparent unaware-
ness on the part of the driver(s), pedestrians, cyclists or animals, there is no
avoidance manoeuvre or response. A crash avoidance response can include
braking, steering, accelerating, or any combination of control inputs. A “normal
manoeuvre” for the subject vehicle is defined as a control input that falls within
the 99% confidence limit for control inputs for the initial study data sample. Ex-
amples of potential crash-relevant conflicts include hard braking by a driver be-
cause of a specific crash threat, or proximity to other vehicles.

o Unintentional Lane Deviation. Any circumstance where the subject vehicle
crosses over a solid lane line (e.g., onto the shoulder) where there is not a haz-
ard (guardrail, ditch, vehicle, etc.) present.

o lllegal Manoeuvre. Any circumstance where, either the subject vehicle or the
other vehicle, performs an illegal manoeuvre, such as passing another vehicle
across the double yellow line or on a shoulder. For many of these cases, neither
driver performs an evasive action.

We did not expect any crash during the trial. However, incidents of the other types are
certainly possible. In the next section we will provide the number of incidents in these
categories. This information will be used for calculating a rough estimation of the num-
ber of hours of recording needed for obtaining incidents of the different types.

45.2 Identification of incidents

This section describes the methodology used for indentifying incidents in the data. Our
first attempt consisted in setting thresholds for the numerical parameters that would be
indicative of interesting events. This methodology is suggested in D2.2 of the PRO-
LOGUE project in section 5.2.2. (Groenewoud et al., 2010) and they mention Klauer
(2006) as an antecedent of the procedure. The idea is to define trigger variables that
point to interesting events, such as a large deceleration that might indicate a near colli-
sion. The problem is to define appropriate thresholds so that too many false positives
are not produced but the important events are still detected. The suggestion is to use
statistical design for identifying the correct thresholds. Using a sample of incidents de-
tected by trained observers and a sample of non-incidents, the experiment could be to
identify the variables that discriminate better between the two samples®.

In our case, we started with values that looked reasonable according to our experi-
ences with the car as thresholds should be defined for each individual car or model of
car. For example, as the equipment of the car ARGOS makes the car very heavy, the
drivers needed to put more brake pressure than would be required in a standard car of
the same size. In order to establish normal and extraordinary values, we carried out
several test drives. The resulting values are listed below:

§ Speed of steering wheel rotation: > +/-500 degrees/s
§ Brake pressure: > 70N

§ Frontal distance: < 1,5m
§

Lateral distance (left and right): < 1,5m

“ Actually, there are statistical methods that can provide this result automatically such as supervised classifica-
tion methods (e.g. Ripley, 1996).
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As the format of the files produced by the ARGOS car systems could not be read by
standard programs for observational analysis, we could not use triggering software to
simplify that process. Therefore the filtering process was carried out in a spreadsheet
and the results transferred to the video analysis software in the ARGOS car—a very
cumbersome process.

Unfortunately, the results were rather disappointing. First of all, we identified many in-
cidents which in their majority emerged as false alarms. As a typical example, sudden
speed changes are common when stopping at a traffic light and driving in urban roads
produced many of these. Secondly, there were real incidents that did not show up
when analyzing the numerical data. This happened principally in incidents that we clas-
sified as “Unintentional lane deviation” and “lllegal maneuver”, because the numerical
values associated with them were usually not very alarming. Moreover, many of the pa-
rameters are related with actions of the driver on the instruments of the car (brake,
throttle, etc.) and in many incidents there is no such action, either because the driver
lacks awareness of the critical situation or because there is no need of performing any
extreme action (for example, braking softly may be sufficient). Third, we found that the
measurement of the distance to other cars did not work correctly. So, values of lateral
distance lower than 1.61m never turned up in the data file although the system was ca-
pable of detecting objects set at 1 meter. Similarly, the lowest frontal distance value we
recorded was 1,50m and, as mentioned in section 2.2.1.2., values below 2.50m are ac-
tually very unreliable.

Given the lack of an adequate software tool for the application of the thresholds and
once we had established the difficulties stemming from employing the numerical data
for identifying the incidents, we set about looking for the incidents directly in the videos.
This was realized using the system in the ARGOS car, which permits playing the differ-
ent views simultaneously as well as the numerical parameters. This manner of analyz-
ing the data revealed itself as very adequate: the observer had an overall view of the
traffic situation in each case and was able to pick the critical situations as defined in
section 4.5.1. However, surroundings of the car that are not captured by the cameras
(see figure 5), which capture the scenery, could not be analyzed. Especially on the
sides of the car there is no information about the interactions with other road users.
This lack is taken in consideration in the recommendations for different camera posi-
tions (see figure 14.).

This process was, however, very laborious. For one hour of video, we spent about 2.5
hours watching it on average. This time, however, depended on several factors: quality
of the recording, number of critical situations and incidents found, etc. We mentioned
previously that the software we used was not optimal for the task and it slowed down
the whole process.
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5 Results

This chapter will provide results for the data collected in the Spanish trial. We will start
with a general description of the data collected and then we will continue with the de-
scription of incidents identified including tests for specific research questions related
with the use of nomadic devices.
Table 2 Descriptive statistics for drivers

Subject Km Speed Av- Time Fuel Consump- Fuel Con-

driven erage (minutes) tion (liters) sump-
(km/h) tion/distance
(liters/Kms)

1 216 30 434 31 0.14

2 162 24 411 38 0.23

3 248 33 451 39 0.15

4 195 28 413 42 0.21

5 220 25 536 32 0.14

Mean 208.3 27.9 448.8 36.4

Total 1041 2244
There were about one thousand kilometres driven in our trial, mainly by urban roads.
Consequently, our drivers had low speed averages: 27.9 km/h was the average for the
drivers with low values of 24 km/h. It is interesting to see the variability in the fuel con-
sumption. It would be interesting to explore factors related with this variability and to in-
vestigate the extent and modality of ecological driving among drivers.

5.1 Description of Incidents

Table 3 shows the number of incidents in the 5 different categories listed in section
45.1. As can be seen, we did not observe any incident in the two most dangerous
categories, namely, crashes and near crashes. In total, we observed 16 incidents in the
other three categories, mainly in the illegal manoeuvre and crash relevant conflict cate-
gories.

Table 3 Incidents observed at the field trial in Valencia

Frequency
Crash 0
Near Crash 0
Crash relevant conflict 6
Unintentional Lane Deviation 1
lllegal Manoeuvre 9
Total 16

Notice that we had approximately 40 hours of recording. Assuming a homogeneous
distribution of the incidents along the time, we can expect an incident every 2:30 hour.
Given this value, an estimation of the number of hours of testing in order to collect
about 100 incidents in the three non empty categories is 250 hours.
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Table 4 shows the split of the number of incidents as function of pedestrian involve-
ment.

Table 4 Incidents with pedestrians or other vehicles

Type/Driver Pedestrians Other Vehicles Total
Crash relevant conflict 2 4 6
Unintentional lane deviation 0 1 1
lllegal manoeuvre 8 1 9
Total 10 6 16

Table 4 displays that there is possibly an association between the type of incident ille-
gal manoeuvre and pedestrian involvement. This association might be a consequence
of drivers not stopping for pedestrians who legally pass at pedestrian crossings.

Table 5 Cross tabulation of type of incident by driver

Type/Driver 1 2 3 4 5 Total
Crash relevant conflict 2 4 0 0 0 6
Unintentional Lane Deviation 1 0 0 0 0 1
lllegal Manoeuvre 2 2 5 0 0 9
Total 5 6 5 0 0 16

Table 5 displays the cross tabulation of the type of incident versus subject. Notice that
many of the cells are empty because of the low humber of incidents collected. Perhaps
the most interesting observation to draw from this table was that only 3 out of 5 drivers
had incidents in our trial.

51.1 Are there more incidents when the drivers use IVIS in the car?

The first hypothesis explores the effect of using IVIS in the car (in our case, the naviga-
tor) on incidents. If the navigator in the car causes a problem for driving, you might ex-
pect that a larger number of incidents might occur when the navigator is used. Exami-
nation of Table 6, however, does not provide support for this hypothesis. 11 out of 16
incidents happened in the No IVIS condition and only 5 of them in the IVIS condition.
Therefore, the hypothesis of more accidents with the IVIS device is not backed up for
our results. This result is not expected and will be discussed in section 6.2.

Table 6 Incidents by use of IVIS

Subject/Day No Yes Total
1 0 5
2 2 4 6
3 1 5
Total 11 5 16
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5.1.2

5.1.3

Do drivers look at the IVIS when they have incidents?

None of the incidents showed evidence of drivers looking at the IVIS whilst driving the
car. As mentioned before, drivers stopped the car for introducing directions and used
audio for following the directions given from the device. This behaviour will be dis-
cussed in section 6.2.

Are incidents associated with high or low values of certain parameters of
the vehicle?

The cameras in the car provide visual information about the driver and the main parts
of the surrounding environment (see figure 5) when there is an incident. The cameras
are the clearest signal for investigating the incidents of driving, the behaviour of the
driver and the risks involved. At the present moment, there is no appropriate substitute
of visual information for studying driver behaviour in the vehicle.

However, the numerical parameters recorded in the car are a complement of such inci-
dents that also deserve attention. Thus, for example, if specific values of these pa-
rameters could be related to the incidents, new advanced driver assistance systems
(ADAS) could be developed that anticipated an incident or helped to diminish its con-
sequences. Also, new explanations or concepts might arise in connection with this data
that could help to develop new explanations/taxonomies for the causes of traffic acci-
dents.

Despite its potential, analyzing the numerical data recorded by an instrumented car has
many obstacles, namely:

e Summarizing the values of long series of data may be difficult because of miss-
ing, out of range, incorrect or non-applicable values.

e Summaries of specific moments (such as in incidents) are very idiosyncratic
because the environment surrounding and the conditions may be a strong de-
terminant of the values recorded.

e A summary is often insufficient. The whole sequence of events is necessary to
evaluate the data. However, it is not clear what length of data need to be exam-
ined: seconds, minutes or longer.

e The level of aggregation. Typically, data are recorded in milliseconds or similar
(in our case every ten milliseconds). However, depending on the events of in-
terest, this level of aggregation is excessive because they happen in the order
of minutes or several minutes. On other occasions, things do happen in a few
milliseconds and therefore we should find a way of recording very specific peri-
ods of time. At this moment, however, there are not clear guidelines on what is
the correct level of aggregation.

e The baseline for comparing the numerical data. Values associated with certain
variables may stand out only if compared with “normal” values. However, the
variation associated with these normal values is high and depends on several
factors such as the traffic, the infrastructure, etc. Two candidates for these
comparisons are the data immediately preceding and following the incident, or
random segments (or averaged) taken from the rest of driving.

e There are many variables that need to be considered simultaneously as they
carry complementary information. Actually, the videos need to be examined at
the same time in order to clarify what is conveyed by the data only.

The rest of this section shows a number of graphics displaying the data related with the
6 incidents we have considered as Crash relevant conflicts. These graphics show the
information about the parameters in a coordinated way, allowing for comparisons be-
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tween the incidents and within the incidents. As we will show, these graphics comple-
ment the video information with elements that would be invisible using other methods
and help to rebuild the whole sequence of events around an incident. We believe that
these descriptions are useful for understanding each incident in detail, but, unfortu-
nately, generalizations of what we see in each case are still not possible. We are ex-
ploring methods for statistical analysis of this numerical data that might help in such
generalizations.

Fout! Verwijzingsbron niet gevonden. displays the information about the six Crash
relevant incidents that we found in our trial. Each incident corresponds to a column of
plots. For each incident, ten measures are displayed, namely:

o Angle of the steering

o Speed of the steering

o Speed

o Accelerator pedal pressure

o Acceleration (vertical, transverse, longitudinal)
. Revolutions per minute

o Distance to the car in front

) Brake pressure

These measures are described in Section 2.2. Notice that the plots use a common
scale, so it is possible to compare the plots along the rows. For example, incident 2
(second column) does not feature any swerving at all (cells 2-1 and 2-2 for wheel angle
and wheel speed), relatively high speed (cell 2-3 with speeds reaching 60 km/h) and
low braking active (last row of column 2)
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Figure 11 Numerical data for six Crash Relevant Incidents. Each column displays six
minutes of ten numerical parameters for each incident. The incident happens in the
middle of each graph.
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These graphics display the events surrounding an incident, hereby complementing the
visualization of the videos used for identifying it. Events such as swerving, brake press-
ings, accelerator use, can be spotted in these graphics and interpreted. As an example
of the kind of interpretations that are possible with them, Figure 12 displays the first in-
cident and the sequence of events around it step by step. The red line is located at the
point when the crash-relevant conflict happened. The description shows how the driver
stops or swerves several times at traffic lights, pedestrian crossings, cars parked or
moving slowly, cyclists, etc. In this context, the driver probably felt the urge to go on
without stopping at a pedestrian crossing (incident in red line) even though a pedes-
trian is on it at that moment. This behaviour, not stopping at pedestrian crossing in
congested areas, is possibly very common if cars are moving at very low speeds and
the flow of pedestrians makes very difficult to find adequate gaps for pulling out.
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A-B [00:55:56 — 00:56:05]
—  driver drove off from a standing position
— inanarrow street
—  he had to make some balancing steering movements

B-C [00:56:05 — 00:56:08]
—  driver had to brake because of a stopping car in front of him
—  after the car left the driver could drive about 2 meters to a
red traffic light and then brake again (lower brake pressure
than earlier because of lower speed)

c-D [00:56:08 — 00:57:21]
—  driver had to wait at the traffic light

D-E [00:57:21 — 00:57:24]
—  driver accelerated when traffic light changed to green
—  light steering to the left because of a parked car on the right

E-F [00:57:24 — 00:57:30]
—  right-hand bend
—  00:57:30 Acceleration after curve

F-G [00:57:30 — 00:57:42]
— driver drove straight ahead
— 00:57:38 driver had to brake behind a standing car at a traffic
light

G-H [00:57:42 - 00:58:09]
—  driver waited at traffic light

H-1 [00:58:09 — 00:58:25]
— acceleration after traffic light
—  driver followed line straight ahead
— 00:58:17 driver evaded a parking car with a small steering to
the left and corrected to the right

1-J [00:58:25 — 00:58:36]
- driver was looking for the way
-  he made a half left turn before decided to go to the right
—  to be in the traffic lane he had to correct to the left
- strong steering movements in lower speed

J-K [00:58:36 — 00:58:50]
- driver drove straight ahead

K-L [00:58:50 — 00:58:54]
- braking at pedestrian crossing

L-M [00:58:54 — 00:58:59]
-  driver went through the pedestrian crossing with low speed
- [Crash-relevant-conflict]Pedestrian wanted to cross the
pedestrian crossing when the car crossed it before her, this
leaded to close proximity between pedestrian and car in the
back

M-N  [00:58:59 — 00:59:27]
— driver turned slight to the right into another street where he
had to stop at another pedestrian crossing
- he went straight ahead until the next (green) traffic light

N-O  [00:59:27 — 01:00:05]
- directly after the traffic light the driver took a left-hand bend
- driver had to brake to let pedestrians cross a pedestrian
crossing
—  00:59:29 driver accelerated after the curve and went straight
ahead

o-P [01:00:05 — 01:00:40]
- driver took a left-hand bend
- driver had to brake behind a cyclist and followed slowly
—  01:00:30 driver accelerated when cyclist left
- driver had to brake when the street ended

P-Q [01:00:40 — 01:00:56]
- driver took a left-hand bend and drove straight ahead
- driver merged to the left to park temporary
- driver left the temporary parking place and accelerated

Figure 12 Description of a Crash relevant incident step by step
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6.1

Summary and Discussion

The PROLOGUE project has a number of objectives related to technical, methodologi-
cal and organizational possibilities and requirements needed for performing naturalistic
studies. Therefore, an important part of the project is the realization of on-road driving
trials in order to gain concrete experience of this methodology of research. Thus, in our
case, the Spanish field trial has been an excellent opportunity for testing the ARGOS
instrumented car: a very sophisticated research tool with a large potential but that pre-
viously has remained largely untested. Therefore, despite setting as objective of our
trial to explore the consequences of using in-vehicle information systems in the car
(specifically, a navigator), the primary aim of our trial has been learning about the me-
chanics of conducting a trial with it. Research on nomadic devices must be regarded a
secondary goal of this project. In this respect, we consider the trial as very useful, as
we have learnt a number of important lessons to consider in future studies.

In this chapter, we will discuss firstly the problems experienced using the ARGOS car
in a number of categories, namely, legal issues, technical problems, logistic, subjects,
and data analysis; secondly, we will discuss the results found with regard to the use of
nomadic devices in the ARGOS car; and finally, we will analyze the strengths and
weaknesses of using the ARGOS car for ND research.

Problems experienced

In this section we will discuss the problems we have found in order to use the ARGOS
car in our trial. We will use the following categories: legal issues, technical problems,
logistic, subjects, and data analysis. Many of these problems have been solved suc-
cessfully so using the ARGOS car in the future for similar projects is expected to be
easier.

o Legal/ethical issues

On the one hand, although we anticipated that issues related to privacy, informed con-
sent, and insurance might be possibly problematic for carrying out experiments with the
ARGOS car, these issues were solved satisfactorily without difficulty. On the other
hand, one issue that we had not anticipated, the contract lending the car to the UVEG
was more difficult to solve than expected and was the cause of some delays. Fortu-
nately, we believe that this is a one off problem and that it will not happen in future tri-
als.

o Technical problems

The ARGOS car is a complex piece of equipment that before this trial remained almost
untested. Therefore, it was expected to find a number of technical problems during our
trial. Some of the problems were detected by our research team before the trials
started, but others eluded our tests and turned up during the trials. Unfortunately, the
equipment in the ARGOS car is not as reliable as we wished and these kinds of failures
were quite common. Hence, measures must be taken for diminishing the effects of mal-
functioning.

The main lesson learnt about technical problems is that the data from the trials must be
checked as often as possible. Preferably, data collected during the first half of the day
should be examined during the other half. Then, if problems are detected and a subject
is appointed for the following day, the trial may be postponed until they are solved.
Therefore, it is important that the participants are warned about the possibility of ap-
pointments changing at short notice.

o Logistics of the trials
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Before the ARGOS car arrived at our facilities, we had planned to lend the car to each
of the participants in the experiment for a few days. However, this turned out to be un-
feasible because of possible vandalism against it. Therefore, we made participants to
set out from our facilities and return every day. Also, technical limitations meant that
each trial could last only two or three hours at maximum.

One participant/trial per day was considered a reasonable objective. This allowed ex-
amining the data every day.

o Subjects

We have mentioned before that an economical compensation is probably necessary for
recruiting participants. In our case, paying the subjects became rather difficult but we
found a solution using a company specialized in providing drivers to other companies.
While the specifics of this problem are unique, we know that the kind of short contracts
needed for rewarding participants are a problem in other places too. Therefore, trials
should check the limitations applicable to them in each case.

o Data analysis

Data analysis of the ARGOS car had two aspects: watching the videos and analyzing
the numerical data.

The main lesson learned from the analysis of the videos is that it takes long time. In our
case, approximately two times the time recorded was needed for watching the videos.
The second lesson is about the number and importance of incidents. In our case, we
registered 16 incidents in about 40 hours of recording. Therefore, a database of 100 in-
cidents would require about 250 hours of recording and between 100 or 120 days of
field trials (6 months). These figures are useful for planning future data collections.

Numerical data are a challenge for analysis. On the one hand, looking at specific val-
ues surrounding the incidents is useful for complementing the visual information in the
videos. Events such as brake pressures, swerving, etc., may not be apparent in the
videos but can be detected by looking at the numbers. However, an interpretation of
these values is not straightforward: the values of the numerical parameters surrounding
the incidents are often not very remarkable. Also, it is necessary to visualize several
parameters at the same time because the important information can be in any of them,
or in their combinations. In this report, we have shown a display of the values of many
parameters for several incidents that gives a first approximation to the analysis of this
data. However, it is important to explore statistical methods that summarize the infor-
mation for several parameters and that permit identifying categories of incidents ac-
cording to the observed or latent variables.

e Cameras

As explained in 2.3.1 the ARGOS car is equipped with seven installed cameras. The
experiences and recommendations considering these cameras are listed below as well
as a recommendation for re-locating/adding cameras (see Figure 14) in order to get as
much information about the driver and his surroundings as possible.

Scenario-Camera: The scenario-camera is the most important camera for understand-
ing the traffic situation from the driver's view and for identifying incidents happening in
the frontal parts of the car. In the ARGOS car, there are two scenario cameras installed
on the roof above the drivers™ shoulder. From the position above the shoulder it is pos-
sible to capture the whole windshield as well as the upper half of the steering wheel
and the centre console. For realizing different camera positions as a function of the in-
formation that want to be received it is recommended to install the camera with a small
rail on the roof. However, the quality of the image is highly dependent on the sunlight,
as high insolation leads to high reflection.
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As a result of these experiences with the scenario camera, we recommend to install the
scenario camera directly behind the rear window in order to exclude reflection because
of the proximity to the windshield and to hide them a bit from the drivers attention. A
combination of two cameras is recommended to capture as much of the scenario as
possible as well as lateral areas of the car as visualized in Figure 13.

behind
rear mirror

S 1

Figure 13 Recommended position for scenario cameras (eye tracking camera is not in-
cluded here)

Eye tracking Cameras: The scenario camera belonging to the remote eye tracking sys-
tem has to be focused on those parts of the drivers’ view, which are most important
depending on the research question. According to the different adjustments depending
on the research questions, this camera should be adjustable horizontally and vertically.
The one installed in Argos is just adjustable horizontally.

Face-Camera: The face-camera in the car ARGOS is positioned in the left corner next
to the windshield where it captures the head of the driver on eye level and, if essential,
the passenger.

If an eye tracking system isn’'t used, but analyzing the eye glance is planned, a face
camera is essential and a recommended position is behind the middle of the steering
wheel. Since the dashboard is the separation between the outside view and the in-
vehicle view, the eye movement can be comprehended better than from a higher posi-
tion. Furthermore the camera is not more visible than it is in the left corner at the driv-
ers’ eye level, as it is located behind the steering wheel and coloured in black like the
dashboard usually is.

Fog-light-Cameras: The ARGOS car has two cameras located in the fog-light. They
serve for capturing the cars™ position on the street. Two thirds of the images are occu-
pied with the street. If the cameras were moved up a bit, they would serve as scenario-
cameras as well, as they capture the whole street view and road markings would stay
visible. However, as the cameras are located in the front of the car, lateral areas are
not captured.

Rear-view-Camera: The rear-view camera hangs in the car ARGOS from the roof of
the car directly behind the back window. It is helpful for the better understanding and
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6.2

description of some incidents. However it might be more informative to replace it for
two side cameras as explained hereafter.

Side-Cameras: The car ARGOS does not have any cameras that capture lateral parts
of the car. We consider them as very useful to have a full view of traffic situations es-
pecially in city traffic. In studies with vulnerable road users they are probably indispen-
sable, but in turning situations there is a lot of information missing when just capturing
with frontal scenarios.

1= scenario camera {left)
2 = scenario camera right}
" 3= scenario camera (eve tracking}
6 4 = eye camera (eye tracking
k 5 = face camera
6 = side camera {left)
7 =side camera {right)

Figure 14 Recommendation for positioning of the cameras

Discussion of results about the use of nomadic devices

We will discuss the results related with what we reckon is the secondary objective of
this trial: use of nomadic devices in the vehicle. Note that, as the size of the trial (par-
ticipants, kilometres and time driven) is not sufficient for stating firm conclusions about
this issue, the results discussed here are actually directions for how to get the most out
of the ARGOS car in future studies rather than specific statements of the effects of the
use of nomadic devices.

1. RQ1: Are there more incidents when the drivers use IVIS in the car?

We have mentioned before that the result obtained in relation with this hypothesis did
not back up it. This result can be explained for the following reasons:

o Small sample: Perhaps larger samples of drivers and hours of driving will pro-
duce completely different results

o Training effects: We assumed that no training effects will turn up in our trials (the
drivers had enough experience as drivers). However, it is possible that there was
a problem of adaptation of one of the subjects to the car as he experienced a
large number of incidents (5) the first day and none the rest.
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Table 6 Incidents by use of IVIS

Subject No Yes Total
1 0 5
2 2 4 6
3 1 5
Total 11 5 16

. As the task of the drivers consisted in finding addresses in locations in the town,
it is possible that the navigator had a positive effect on driving, allowing the driv-
ers to focus on the visual task of driving as they did not need to look at the street
names or numbers for finding the addresses they were heading to. What is
probably the worst source of distraction from these devices, manipulating them
while driving, did not happen at all, as the drivers preferred to stop the car for in-
troducing new addresses. We suspect that they preferred to do this because they
found the user interface of the specific navigator in the car too unfriendly, as well
as because the experimental situation made them behave extra safely. Besides,
the Spanish government had recently passed a law limiting the manipulation of
the navigator while driving the car and they had probably been exposed to the
campaign in the media associated with it.

In summary, using the ARGOS car or participating in an experiment may have pre-
vented the drivers of behaving naturally.

2. RQ2: Do drivers look at the IVIS when they have incidents?

In our study, we did not find any association between looking at the IVIS and the inci-
dents. There are a number of possible interpretations of this result:

o The on-board IVIS was not visually distracting at all.

o Subjects drove carefully in the ARGOS car so they avoided looking at the IVIS as
they felt that this might be a source of risk. Besides, they refrained themselves of
introducing the directions while they were driving and they only did it while the car
was stopped.

Again, the drivers may have opted for not using the nomadic device because of partici-
pating in an experiment or driving a special car.

3. RQ3: Are incidents associated with high or low values of certain parameters of
the vehicle?

The analysis of this hypothesis is probably the most interesting part of our results. Even
though we have not arrived to specific conclusions in relation with it, we reckon that the
the visualization of the parameters of the car provides a useful first step towards a
proper understanding of the circumstances surrounding incidents. However, it is impor-
tant to remark that paying attention to individual values or parameters will often be of
little interest. Pressing the brake or swerving are for example actions that may be re-
lated with incidents but very often they are not. Trying to draw conclusions only from
specific values of the parameters has few prospects of succeeding. The values of the
parameters associated with incidents do not necessarily stand out.

Nevertheless, once the incident has been detected, visualizing the values of the pa-
rameters is very important. An otherwise not very remarkable action on the brake, for
example, can be of critical importance if it is effectuated just at the right moment. In-
deed, assessment of an incident can be very different if there is any evidence of brak-
ing. The same can be said about any other parameter of the vehicle.
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Furthermore, we see some promise in the analysis of the sequences of the data. As an
example, we have mentioned before that an incident may have been associated with
driving in high density/low speed traffic area, which forced the driver to stop several
times consecutively. This could be considered a hypothesis that could be tested using
the data we have collected. Thus, sequences of data with similar characteristics might
be identified and compared with sequences with different or random characteristics. Fi-
nally, functions smoothing the sequences of data could be derived and used as de-
pendent variables of independent variables of relevance (Ramsay and Silverman,
1997).

6.3 Strengths and weaknesses of using the ARGOS car for ND research

Deliverable 1.1. of the PROLOGUE project says that “...ND observation includes objec-
tively and unobtrusively observing normal drivers in their normal driving context while
driving their own vehicles” (Backer-Grgndahl et al, 2009). In this definition, the concept
of obtrusiveness is probably the key element, as the lack of it is an important threat to
the validity of ND methodology. Actually, this same deliverable (p. 13) and deliverable
D1.3 of the PROLOGUE project (p. 30) express that observer effects cannot ruled out
completely without further research addressing this issue. So, a hypothesis suggested
in these documents is that ND is probably not adequate for studying illegal or deviant
behaviour, despite the evidence indicating that observer effects diminish in studies
conducted over long periods of time.

In the continuum from experimental research to naturalistic studies described by
McLaughlin et al. (2008), there are several factors that will determine the position of a
specific study in it. The field trial carried out with the ARGOS car has brought up the
following threats to the naturalistic approach:

o Tasks: Due to technical issues, the subjects had to pick up the ARGOS car at the
Institute’s facilities and could not keep it longer than about 3 hours. During this
time they had to look for several destinations that we gave them as a route plan.
This contradicts the concept of a naturalistic study as this would require that the
driver has the car available whenever he need it and can go for any self-selected
destination. Given that our drivers were professional drivers which usually are
hired to go for a predetermined destination, we feel that this specific factor did not
affect excessively the validity of the experiment. However, generalization of the
results to normal drivers is probably very limited, as finding several addresses in
the same day is not typical for them. Therefore, this trial could be regarded as ND
for professional drivers, rather than for normal drivers.

o Car: The study could not be carried out with the drivers’ own cars what addition-
ally contradicts the ND definition. But the professional drivers are used to drive
with unfamiliar cars, so we regard this as acceptable. However, what makes the
driving less naturalistic is the instrumentation installed in the car as theventilation
| is audible and the cameras in the front as well as some instruments on the
dashboard are visible.

o Participating in an experiment: Our participants probably did not perform any type
of unsafe behaviour whilst driving. On the contrary, the subjects seemed to drive
very carefully most of the time. This is probably a consequence of using the AR-
GOS car and of working for a Traffic Safety Institute. Although you may dismiss
some of these elements as not very relevant (people rent cars or forget that they
participate in an experiment), taking all together, we may expect a behaviour that
is probably not totally naturalistic in many cases. In our trial, for example, none of
the drivers manipulated the navigator in the car whilst driving. On the contrary,
they only manipulated it when the car was stopped. Hence, finding an association
between the navigator and driving is probably out of the question in this case.
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6.4

In summary, the field trial we have carried out is not on the extreme of naturalistic driv-
ing, but it is not on the other extreme either. Although our drivers possibly behaved
more carefully than they would do in normal conditions, they were still managing a car
in real roads, and independently of how careful they tried to drive, there were many ex-
ternal factors that were not under their control. So, the research setting and the AR-
GOS car can be a useful source of information for learning about the effects of factors
that are not under control of drivers and that can jeopardize even careful drivers. In
fact, it is for the analysis of these incidents, as we have shown before, that the ARGOS
car is very appropriate. The rich information provided for all the sensors, cameras, and
car measures are very useful for analyzing scenarios (incidents, near-crashes, etc.)
that are part of daily driving of even careful drivers. Some examples of these scenarios
are:

o Errors associated with elements of the infrastructure
o Analysis of incidents
o Interaction with other types of road users

Instrumented cars provide very rich information that can be used for addressing differ-
ent research questions, but certain experimental settings are not realistic in practice.

Summary and recommendation for large-scale studies

The main goal of this small-scale field trial has been the learning about using a highly
instrumented car for conducting a long-scale naturalistic driving study. While conduct-
ing the study, some technical processes were optimized, several unexpected issues
were solved, methods for data reduction and analysis were tested and in consequence
a number of lessons were learned that will be useful for large-scale studies.

One important result is that the naturalistic character of studies with the ARGOS or
similar cars requires some improvements for further studies. Thus, the driver should be
less aware of all the instruments and systems around him in the car. It should be con-
sidered to make them less visible and audible for the drivers, what could be obtained
by installing some kind of darkened partition that divides the drivers and co-drivers area
from the rest of the car. According to the definition of naturalistic driving, drivers should
be able to use the car for their daily routine without any instructions neither restrictions.
To enable these requirements, cars equipped in the dimensions like ARGOS would re-
quire a self-starting system, a very powerful battery, a high capacity hard-disk and a
high level of reliability of the systems. However, it is doubtful whether an independent
use can be obtained without abandoning some measurements as for example the eye
tracking system, which requires often a process of recalibration while using it.

Hence, it might not ever be feasible to reach the highest possible level of naturalistic
driving when using a highly instrumented car like the ARGOS. These kinds of cars are
possibly more suitable for conducting studies where the behaviour of a small number of
drivers as well as the environmental surroundings is of specific interest. To give an ex-
ample, it might be of practical use to investigate black spots letting several drivers
passing it with a highly instrumented car to study their behaviour and their environment.
Whereas lower equipped, but driver-owned, cars seem to be more suitable for conduct-
ing studies where data is captured continuously in a longer period of time.
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List of abbreviations

e ADAS = Advanced Driver Assistance Systems
e ALASCA = Automotive LAserSCAnner
e CO = Confidential Deliverable

o DGT = Directorate General of Traffic: the authority in Spain in charge of in-surface
traffic management

e ETS-PC = Eye-tracking system

e HCI = Human Computer Interface

e IR =Infrared

¢ INTRAS = Reserach Institute on Traffic and Road Safety
e |VIS = In Vehicle Information System

e ND = Naturalistic Driving

e NOD = Nomadic Devices

e PU = Public Deliverable

e QA = Quality Assurance

e RE = Restricted Deliverable

e UPM = Universidad Politécnica de Madrid

e UVEG = Universitat de Valencia-Estudio General
o WP =Work Package
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Appendix I: Informed Consent

Contrato de consentimiento para los conductores de
las pruebas de campo del PROLOGUE

Consentimiento de los participantes a las pruebas de campo para el
proyecto PROLOGUE

Titulo del proyecto: PROLOGUE (Promoting real life observations for
gaining understanding of road user behaviour in
Europe — Promover las observaciones en
condiciones reales para conseguir entender el
comportamiento del usuario de la carretera en

Europa)
Investigacién realizada por: Grupo de investigacion SINTEC del INTRAS-UVEG
Investigacion cofinanciada por: Direccion General de Investigacion de la Comision
Europea
Investigadores: Pedro Valero-Mora, Jaime Sanmartin, Ignacio
Pareja, Mar Sanchez, Jean-Francois Pace,
Anita Tontsch

|. Proposito del proyecto PROLOGUE

El objetivo principal del PROLOGUE es demostrar la viabilidad y utilidad de un estudio de
observacion naturalista Europea a gran escala. El proyecto esta dirigido a investigadores en
seguridad vial y a otras partes interesadas como la industria del automovil, las compafiias de
seguros, las organizaciones de aprendizaje y de certificacion, y las autoridades y gobiernos.
Mientras que la seguridad vial es el principal motivo, el proyecto también se fijara en los
temas medioambientales, por ejemplo las emisiones de CO2, y en la gestién del tréfico.

Basado en estudios inventariados, una serie de pruebas de campo a pequefa escala, asi
como una implicacién de los grupos de usuarios y de las partes interesadas, PROLOGUE
llegara a unas recomendaciones y un esquema para llevar a cabo un estudio naturalista a
gran escala, tratando preguntas de investigacion, metodologia y tecnologia para la recogida,
el almacenamiento, la compresion, la extraccion y el andlisis de datos. La comunicacion y la
diseminacion hacia las posibles partes interesadas son fundamentales para adquirir su
apoyo e implicacion en un estudio Europea a gran escala.

Il. Propésito de la prueba de campo

lll. Procedimientos y responsabilidades del sujeto

A continuacién, se describen los procedimientos para el estudio y las
responsabilidades del participante:

Preparacion para el estudio:

Leer detenidamente este contrato, apuntar cualquier pregunta. Puede llamar a
686143258 (Ignacio Pareja) para aclarar cualquier duda.

Firmar y fechar este contrato.
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Antes de empezar la prueba de campo: traer el contrato firmado y un permiso de
conducir valido.

Escuchar las explicaciones de las caracteristicas del vehiculo.
Revisar el protocolo del seguro del vehiculo instrumentado.

Recogida de datos durante la conduccion:

Conducir el vehiculo normalmente.

Mientras conduce el vehiculo, no esta permitido llevar ningun pasajero.
Usted debe de ser la Unica persona que conduzca el vehiculo.
Conduccion:

Tal y como ya se ha mencionado, tiene que conducir el vehiculo como lo haria
normalmente. Eso implica respetando las normas de circulacion.

En caso de infraccidn a las normas de circulacion durante el experimento, el conductor
sera el responsable.

Descarga de los datos:

Cada dia, para proceder a la descarga de los datos, deberd entregar el vehiculo al
Instituto de Trafico y Seguridad Vial de la Universitat de Valéncia, situado en la Calle
Serpis, 29 — 46022 Valencia.

Mantenimiento del equipo vy del vehiculo:

En caso de fallo o dafio del equipo, avisar a Ignacio Pareja (686143258) lo antes
posible.

Las revisiones de seguridad han sido realizadas: presion de los neumaticos,
amortiguadores, frenos y nivel del aceite. Dado que el vehiculo se tendra que devolver
cada dia, el deposito sera llenado por el equipo de investigacion.

En caso de accidente: Procedimientos del estudio (se aplicao para todo tipo de
colision, independientemente de la severidad):

Contactar con Ignacio Pareja (686143258) lo antes posible después del accidente.

En caso de informe policial, pedir una copia al agente para entregarsela al equipo de
investigacion. El equipo de investigacion eliminara todos los identificadores personales
para asegurar la confidencialidad. Los “identificadores personales” incluyen los
nombres y apellidos, la direccion y los nimeros de teléfono.

Pedir y entregar copias de los informes meédicos relacionados con las heridas
provocadas por el accidente y el tratamiento.

Devolucion del vehiculo:

El vehiculo debera de ser devuelto todos los dias antes de las 19.00 al Instituto de
Trafico y Seguridad Vial de la Universitat de Valéncia, situado en la Calle Serpis, 29 —
46022 Valencia.

Equipo v recogida de datos:

Se le ruega conducir el coche instrumentado durante aproximadamente un mes. Los
datos seran recogidos cada dia al final del dia. Una vez descargado los datos, seran
almacenados en un servidor especifico que sélo podran consultar los miembros del
equipo de investigacion asignado para este proyecto.

La recogida de datos esta disefiada para no necesitar ningun tipo de mantenimiento y
no debera de encargarse de cualquier tipo de mantenimiento.

Seguro del vehiculo:
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Una copia de la pdliza se adjunta como anexo a este documento.

Seguro médico:

Los participantes a un estudio estdn considerados como voluntarios,
independientemente de si reciben una remuneracion por participar. Por lo tanto, si no
ocurre dentro del vehiculo, en caso de lesion, los participantes tendran que recurrir a
sus propios seguros privados/médicos. Un seguro médico adecuado esta
recomendado para cubrir ese tipo de gastos.

En caso de lesidbn en un accidente, sea dentro o fuera del vehiculo, el tratamiento
médico que recibira sera el que se proporciona a cada individuo por los servicios de
emergencias de la zona donde el accidente ha tenido lugar.

IV Riesgos

El riesgo es idéntico al que esta sometido cuando conduce su propio vehiculo. Todo el
equipo de recogida de datos estd instalado de manera que, en mayor medida, no
representa ningun peligro. Ningan equipo dificultara su campo de vision normal. La
instalacion de los sistemas de recogida de datos en el vehiculo no afectara en
absoluto el manejo del vehiculo.

V Extension del anonimato y de la confidencialidad

El proceso de recogida de datos incluye informacion de video. Los datas recogidos en
este experimento seran tratados con confidencialidad. Los nombres de los
conductores seran separados de los datos recogidos. Un sistema de codificacion se
utilizara para identificar los datos por niumero del sujeto Unicamente (por ejemplo
conductor n° 2).

Mientras conduce el vehiculo, una camara grabara su rostro asi como la parte
izquierda exterior del vehiculo, la parte derecha exterior del vehiculo, la vista hacia
adelante, la vista hacia atras y la vista del tablero. Ningun otro pasajero dentro del
vehiculo sera grabado por las camaras.

Varios sensores instalados en el vehiculo también recogeran datos.

Los datos de este estudio seran almacenados en una zona segura del INTRAS-UVEG.
El acceso a dichos datos se realizara bajo la supervision del Prof. Valero-Mora.
Durante el estudio, los videos no podran ser visionados por personas que ho
pertenecen al proyecto sin su consentimiento por escrito.

VI Compensacion

Se ha firmado un contrato con la empresa “SOLUCHOFER” en el cual se han
acordado unos recorridos en un tiempo determinado. Si esos recorridos se hacen en
menos tiempo, la compensacion econdmica no se vera afectada dado que la parte
mas importante es cumplir con los recorridos.

VII Libertad para retirarse

Esta libre de retirarse cuando lo desee sin ninguna penalizacion. Sin embargo, sélo se
veria compensado por la parte proporcional al tiempo que ha participado (ver VL.). El
INTRAS-UVEG tiene el derecho de poner fin a su participacion en el estudio en
cualquier momento. Por ejemplo, el INTRAS-UVEG podria poner fin a su participacion
en caso de que la cantidad y calidad de los datos recogidos sean insuficientes para los
objetivos del proyecto o bien porque representa una amenaza para usted o los demas
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usuarios de la via. Los sujetos cuya participacion sea finalizada anticipadamente
recibiran una compensacién prorrateada.

VIII Responsabilidades del conductor

Por voluntad propia, acepto participar en este estudio. Entiendo los procedimientos y
las responsabilidades descritas anteriormente y doy voluntariamente mi
consentimiento para la recogida y el procesamiento de datos para este estudio.

IX Autorizacion del conductor

He leido y entendido este contrato de consentimiento y las condiciones del proyecto.
Todas mis preguntas han sido contestadas. Por la presente, acepto lo antedicho y doy
voluntariamente mi consentimiento.

Nombre del conductor:

Firma del conductor:

Fecha:

En el caso de tener cualquier duda o pregunto sobre este estudio, puedo contactar
con:

Jean-Francois Pace (jean.pace@uv.es)

Tel: +34 9633 93880
Directo: +34 9633 93889
Fax: +34 9633 93881
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