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Abstract

Eye tracking allows to obtain important elements regarding the drivers’ behaviour during their driving activity, by employing a
device that monitors the movements of the eye and therefore of the user's observation point. In this paper it will be explained how
analysing the behaviour of the drivers through the eye movements permits to evaluate the infrastructures quality in terms of road
safety.

Driver behaviour analysis have been conducted in urban areas, examining the observation target (cars, pedestrians, road signs,
distraction elements) in quantitative terms (time of fixing each singular target). In particular, roundabout intersections and
rectilinear segment of urban arterials have been examined and the records related to seven drivers’ behaviour were collected, in
order to have a significant statistical variability. Only young people has considered in this study.

The analyses carried out have made it possible to assess how different types of infrastructure influence the behaviour of road users,
in terms of safety performance given by their design.

In particular, quantitative analyzes were carried out on driving times dedicated to observing attention rather than
distraction targets. From a statistical point of view, the relationship that exists between the characteristics of the driver,
weather conditions and infrastructure, with driving behavior (traveling speed and attention / inattention time) was
analyzed by ANOVA method.
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1. Introduction

The use of the eye tracker is proving to be an increasingly effective method to investigate the ocular behavior of
driving subjects. Just in the last few years studies related to oculometry on driving people have increased worldwide
and have shown a global interest of researcher in road safety (Hurtado.et al., 2016). However, most of the research
work used the eye tracker by testing it on subjects intent on driving in a simulate context and not in real driving
conditions on the road (Kapitaniak et al., 2015 — Kaminski et al, 2012).

With the use of driving simulation environments many other aspects have been evaluated with the aid of the eye
tracker, such as the attention placed near an intersection or near a roundabout with pedestrians intent on crossing and
the behavior in the facing motorway curves, characterized by a wide range of travel. Beyond the specific elements
analyzed from time to time, it is clear that the use of a simulated environment involves considerable simplifications
in the analysis of the situation.

It is therefore natural the choice of many researchers to carry out their studies using the eye tracker without relying
on a simulator, but working directly in the urban context. The aspects analyzed are the most diverse: eye movement
in dangerous situations (such as intersections and roundabouts), behavior in the presence of fog on the highway,
differences between experienced and novice drivers, driving skills in elderly subjects and those with visual problems.

According to numerous studies (Rossetti et al, 2015), distraction while driving is one of the main causes of road
accidents. Modern street design tends to create urban infrastructures where different road users can coexist, in order
to facilitate soft mobility. This combination of different types of road users means greater danger exposure to the
vulnerable road users. The road infrastructure does not always favor the attention of drivers, since sometimes tends to
create a source of inattention (Tira et al., 2016).

In this paper a study will be presented, conducted in real driving conditions in an urban context, which focuses on
the different attitudes of people in relation to the urban contest.

2. Eye Tracking

The two main parameters measured by eye tracking are fixations and saccades. The first occurs when the eye
focuses on a specific area, thus the viewer perceives only a small part of his visual field. During the fixation a cognitive
elaboration of the observed object is presumed, or a simple transfer of attention to it. The duration of the single fixation
depends mainly on the intensity of the luminance contrast, the complexity of the vision area and the cognitive load
associated with it.

On the other hand, the saccade is the rapid movement of the eye from one point of fixation to another; this is one
of the fastest movements of the human body and lasts about 30 - 80 ms. During this phenomenon the subject does not
perceive visual information located on the trajectory of the movement. According to some medical studies, some
cognitive functions are momentarily inactive during the saccade. The eye also does not follow a straight path during
this movement, but can follow different trajectories; this has been widely observed in the data collected in several
studies and during the experimental activity related to this work.

The studies related to the movement of the eyes date back to the end of the 1800s but in the 1980s a hypothesis
was formulated, considered valid by researchers in the field (strong eye-mind hypothesis) according to which there is
no significant time delay between what is fixed and what is processed; this implies that, for the duration of a fixation,
the viewer cognitively processes what he observes.

Historically, mainly three types of eye tacker were used: electro-oculographic, galvanometric and those that exploit
corneal reflection. The electro-ocular technique involves the measurement of differences in bioelectric potential
caused by movements of the cornea and retina; the measurement is carried out by electrodes placed around the eyes.
This technique is precise in assessing movement with good temporal resolution but low spatial resolution; it also tracks
eye movements only when the head is immobilized.

Currently, non-invasive techniques are used to study and analyze eye movements and, in particular, corneal
reflection is used. A beam of infrared light, generated by a source near the eye, is directed towards the pupil and
reflected on the image of the visual field, filmed by the camera placed on the driver's forehead. A specific software is
in charge of identifying the position of the gaze; this is made feasible by the possibility of separating the reflection of
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the mobile parts of the pupil from that of the other elements of the cornea. This technique is currently the most used
in field studies for long-term monitoring of eye movements.

Currently eyes tracking is used both to analyze the visual apparatus and its disorders and to analyze the visual
interaction between man and machine in the context of information technology (computer and web).

In recent years there has been a rapid development of the corneal reflection technique, preferred to other methods
of analysis for non-invasiveness and the possibility of use in motion. Several instruments of this type and of various
price ranges have been placed on the market. The tool used in this work is the eye tracker produced by Pupil Labs, a
company based in Germany specialized in eye tracking for virtual and augmented reality.

The instrument consists of a front camera, capable of recording the user's visual field, and two vision systems for
the eye movement of each eye in the infrared field.

The acquisition of the scene camera was conducted with a recording frequency of 30 frames per second, with a
resolution of 720p (1280x720 pixels, format 16: 9). The two video cameras that record the eyes and the position of
the pupil were used with a sampling frequency of 120 Hertz. The eye tracker device is then connected to a personal
computer via USB interface.

Figure 1 shown the Pupil Labs eye tracker.

World Camera

Infrared Camera

Fig. 1. Pupil Labs’ Eye Traker

The use of the recording device allows, through an activity of previous calibration and processing of the films of
the eye movements, to obtain the observation target of the driver, for each frame of the acquired movie,. The estimation
of the observation target takes place through an optimization algorithm and a confidence index of the estimate, frame
by frame, is provided.

In fugura 2 the processing of the information provided to the user is shown. The green circle instantly indicates the
driver's observation point. This position is reconstructed by software from the analysis of the position of the pupils
taken from the two additional cameras.

The red line indicates instead the path of the gaze. In this case the driver from the observation of the rear-view
mirror quickly passes to the observation of the road with an extremely rapid and regular movement of the gaze.
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Fig. 2. Visual analysis results

The data can be processed in raw mode, that is through the analysis of numerical analysis files, both visually
monitoring, with the PC, the user observation target.

3. Case Study: on road analysis

The analyzes were conducted on an urban route in the southern area of the city of Brescia (northern Italy) on
different working days during normal traffic conditions. The choice of the route was made based on the different types
of urban site consisting that route, either of recent redevelopment and of a more past design, characterized by wide
width and high travel speed. The roads are connected to each other by roundabout intersections in most cases. All
roads are characterized by having a different function: from the transit of cars to that of pedestrians on the sidewalk,
from the presence of parking lots to that of commercial and service activities. The route therefore makes it possible to
appreciate different types of infrastructures in a single system of urban planning functions.

Figure 3 shown the area analysed.

Partenza.

Fig. 3. Route analyzed
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The analyzed route is located in the southern area of the city of Brescia and has been analyzed since, although it is
a typically urban area, it has been partially subjected to significant interventions, in recent times, aimed at improving
road safety aspects.

Fig. 4. Route analyzed

The tests were conducted with 7 different drivers, 4 males and 3 females, all young people (age 20-23and in two
different weather conditions,rain and sun. The quantitative analysis of the observation times of the individual targets
requires a very onerous manual processing in terms of time. For this reason only a sample of seven individuals was
considered. However, from a statistical point of view this sample is sufficiently large and varied from a typological
point of view

The route has been divided into a series of sections, distinguishing between a straight segments, a roundabout and
an intersection as shown in the figure 3. Many other traits have been analyzed along this route but they have not been
included in this analysis for reasons of space.

In this work four different sites of the whole route were taken into consideration: two roundabout intersections (C-
D) and two straights (A-B).

4. Driver behavior’s analysis
Yy

For the seven drivers and for each road section, the films were analyzed frame by frame. The number of frames,
and therefore the time interval, in which the driver observed a different target was counted in each portion of the video
relating to a part of the street.

The analyzed observation targets were divided into two categories: elements of attention and elements of
distraction. The following table shows the observation targets divided into two categories and, in the same table, as
an example, the result of the analysis of driving behavior during the journey of a road section are reported.
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Average
Target I;I;.Hflrl:;f I\Elgzglgf Time [s]  fixation time %
Car ahead 48 3 1.60 0.53 12.8%
Traffic signs - traffic lights
Rearview mirror
Vehicle entering (in roundabout) 78 3 2.60 0.87 20.9%
Vehicle running along the roundabout 55 4 1.83 0.46 14.7%
Center of the roundabout
Side vehicle
Pedestrian 19 2 0.63 0.32 5.1%
Cyclist
Road 80 7 2.67 0.38 21.4%
Adpvertising board
Vehicle interior
Parked cars
Passers / pedestrians 36 1 1.20 1.20 9.6%
Tree-houses-urban furniture 39 4 1.30 0.33 10.4%
Vehicles in transit 19 1 0.63 0.63 5.1%
Total 374 25 12.47 0.50
Attention elements 280 19 9.33 0.49 74.9%
Distracting elements 94 6 3.13 0.52 25.1%

Tab. 1. Result of analysis of driving behavior

Starting from the analysis of the single road sections and for each individual driver, synthetic data have been
collected and the behavior of the seven drivers have been analyzed in the four different sections. Drivers are

indicated with M1 through M4 for men and F1 through F3 for women. The main parameters analyzed are attention /

distraction to driving and average duration of fixations. Table 2 shows all the data collected.

(street "B"), complex double roundabout, ordinary roundabout.

The behaviors analyzed refer to contexts in urban areas in medium traffic conditions and show four different
situations: straight-line travel at high speed (street "A"); straight subject to redevelopment with moderate travel speed

Driver M1 M2 M3 M4 F1 F2 F3 Average
Time 11:45 16:00 14:50 14.3 15:15 12:45 15:30
Meteo Sun Rain Sun Rain Rain Sun Rain
Speed [km/h]
Street "A" 422 48.1 61.8 49.8 42.0 45.6 49.1 48.4
Street "B" 30.3 34.5 37.6 33.1 24.4 24.9 34.6 31.3
Roundabout "C" 21.3 15.5 21.5 16.0 16.4 13.9 15.9 17.2
Roundabout "D" 29.6 27.8 23.4 21.5 32.7 23.9 23.7 26.1
% Attention
Street "A" 87.7%  72.2% 85.6%  78.5% 87.8% 84.4%  86.2% 83.2%
Street "B" 69.8%  63.7%  44.7%  75.5% 56.9%  46.5%  69.8%| 61.0%
Roundabout "C" 74.9% 86.4% 93.9%  98.6% 79.0%  90.5%  83.1% 86.6%
Roundabout "D" 82.8%  77.1% 86.9%  972% 100.0%  97.8%  99.0%| 91.5%
Average fixation time [s]
Street "A" | 0.6205 0.4154 03629 0.4135 0.5921  0.4525 0.701 0.508
Street "B" | 0.5603  0.5423  0.2939 0.5476  0.4055  0.3975 0.407 0.451
Roundabout "C" | 0.4987 04317 0.3435 0.4258 04314 0.4406 0.5865 0.451
Roundabout "D" | 0.4028 0.4248 0.3833 0.5117 0484 0.3333  0.4789 0.431

Tab. 2. Result of analysis of driving behavior
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The analyzes carried out show the variability of the three parameters considered between drivers and road section.
For each parameter, one-way analysis of variance (ANOVA) was carried out, analyzing both the difference between
driver and road. The significance parameter indicated by the ANOVA analysis is the alpha term which must be
conventionally less than 0.05 (95% significance). In the following analyzes the alpha parameter is indicated briefly as
an indicator of the significance of the analysis performed.

It clearly emerges that the context of the road has a significant influence on traveling speed and attention span
(alpha <1075) while it does not affect the duration of the observations (alpha = 0.478).

The different driver, on the other hand, does not affect either speed or attention. On the contrary, the variability of
the duration of the fixations between the different drivers is significant, regardless of the context observed (alpha =
0.033).

5. Results

Given the previous considerations, the three parameters observed can be taken as indicators of different aspects of
the driving behavior in urban areas. The speed is a characteristic parameter of the analyzed road section and it is
independent by the driver. This parameter allows classifying the type of road in urban areas between low-speed and
high-speed roads / intersections.

The second parameter examined is the percentage of time devoted to observing attention target. This parameter
indicates the driver's comfort level, thus the longer the time spent observing the attention elements of the driving
context the less safe and comfortable the road section is. This indicator can be taken into consideration as an indicator
of the level of safety offered by the infrastructure: if a driver can dedicate time to observe targets different from those
strictly necessary while driving, that means that the road offers a level of intrinsic safety that makes driving
comfortable.

The last parameter analyzed is that of fixation duration. It has been observed that this parameter belongs to the
individual driver and does not characterize the observed elements or is influenced by speed or the urban context.

Speed [km/h] % Attention

Speed [km/h]
/

e M1 M2 M3 M4 @ F1 F2 ® F3---—-Average ® Ml M2 M3 M4 @ F1L F2 e 3=

Fig. 5. Analysis results

From a statistical point of view, the two-way ANOVA also confirmed what had already emerged from the one-
way analysis of variance: speed is a significant parameter when the road section changes (alpha <10-®%) but not from
the driver (alpha = 0.257); the percentage of attention depends on the road section (alpha <10) but not on the driver
(alfa = 0.567) and on the contrary the average time of fixing depends on the driver (alfa = 0.033) but not on the road
(alpha=10.312).

The main results that emerge can be summarized as follows: the two straight sections show a different structure
that allows a higher travel speed (48 km/h) in case of "A" but requires more attention from the driver (83%) , while
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on the contrary, in the "B" section the average speed of the journey is smaller (31 km/h) and for the driver a lower
percentage of attention to driving (61%) is required to pass safely.

Speed vs % Attention
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Fig. 6. Speed vs. % Attention

In the case of a roundabout intersection the traveling speed is lower (for "C" 17 km/h and for "D" 26 km/h), however
in both cases the level of attention required is greater (86% and 91%). The crossing of a complex intersection such as
case "C" limits the speed, leaving the level of attention required unchanged, indicating a good design of the

infrastructure.
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Fig. 7. Sun vs. Rain — Men vs. Women

A comparison analysis was also conducted between the weather conditions and the gender of the driver to highlight
any significant difference. However, the driving conditions did not depend on these two parameters. Both the ANOVA

and the student statistical test showed no significant differences.

6. Conclusive remarks

In this paper a methodology was presented to analyze the behavior of different subjects in different driving
conditions. To analyze the level of attention, an eye tracker was used to monitor the attention target of those involved
in driving. The analyses were conducted in real-life urban driving situations, both on straight segments and at
roundabout intersections. The driving behavior of men and women was analysed, both in sunny and rainy weather

conditions.
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The analyzed parameters were the following: average speed of the analyzed section; percentage of observation time
of target of attention to driving; average duration of fixations.

For the first two parameters it emerged that there is a significant dependence on the type of road section
independently of the other parameters, while the average duration of the fixations is a characteristic of the subject
driving and does not depend on the road type and speed.

There is no direct correlation between speed and degree of attention to driving but the urban context has a
significant influence on both parameters.

In particular, it emerges how the level of attention can be used as a significant indicator of the level of safety offered

by the road infrastructure. Traffic calming elements in fact positively influence the travel speed by reducing the level
of danger of the guide and in parallel highlight a mental situation of greater comfort for the drivers, an intrinsic safety
index of the infrastructure.
Further analyzes will also be conducted in the extra-urban area. In this paper only quantitative variables were
considered and these were analyzed from a statistical point of view. However, it is also possible to carry out analyzes
from the point of view of quantitative parameters. These activities have been conducted in extra-urban areas and will
be the subject of further publications.
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