L. Eboli, G. Guido, G. Mazzulla, G. Pungillo, R. Pungillo: Investigating Car Users’ Driving Behaviour through Speed Analysis

LAURA EBOLI, Ph.D.*
(Corresponding author)
E-mail: laura.eboli@unical.it
GIUSEPPE GUIDO, Ph.D.1
E-mail: giuseppe.guido@unical.it
GABRIELLA MAZZULLA, Ph.D.*
E-mail: gabriella.mazzulla@unical.it
GIUSEPPE PUNGILLO, Ph.D. student®
E-mail: giuseppe.pungilloQunical.it
RICCARDO PUNGILLO, Graduate student®
E-mail: riccardopungillo@libero.it
1 Department of Civil Engineering,
University of Calabria
Via P. Bucci cubo 46/B 87036 Rende (CS), Italy

Traffic Engineering
Preliminary Communication
Submitted: 1 Apr. 2016
Accepted: 16 Nov. 2016

INVESTIGATING CAR USERS’ DRIVING BEHAVIOUR
THROUGH SPEED ANALYSIS

ABSTRACT

Speed has been identified for a long time as a key risk
factor in road traffic: inappropriate speeds contribute to a
relevant part of traffic accidents. Many literature studies
have focused on the relationship between speed and acci-
dent risk. Starting from this consideration this paper investi-
gates traffic accident risk by analysing the travelling speeds
recorded by real tests on the road. A survey was conduct-
ed to collect experimental speed values in a real context. A
specific road segment, belonging to an lItalian rural two-lane
road, was repeatedly run by 27 drivers in order to collect
the instantaneous speed values for each trajectory. Smart-
phone-equipped vehicles were used to record continuous
speed data. The recorded data were used to calculate: the
average speed, 50" and 85t percentile speed for each geo-
metric element of the analysed road segment. The main re-
sult of the research is the classification of car users’ driving
behaviour based on the speed values. By using the above
mentioned ranges of speed, the classification provides three
types of driving behaviour: safe, unsafe, and safe but poten-
tially dangerous. It was found that only four drivers feature
“safe” behaviour, driving in a safe manner on most of the
road elements. However, the major part of drivers, even if
they feature safe behaviour, could be dangerous for other
drivers because they drive at very low speeds.
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1. INTRODUCTION

Based on the most recent report of the World
Health Organization, in the year 2013 about 1.25
million people were killed on the world roads, that is,
about 3 thousand people died every day. Road traffic

injuries are the eighth leading cause of death globally,
and the leading cause of death for young people. The
cost of dealing with the consequences of these traffic
accidents runs to billions of dollars. The governments
of the world declared 2011-2020 as the “Decade of
action for road safety”; the goal of the Decade (2011-
2020) being to reduce the increasing trend in road
traffic fatalities, saving an estimated 5 million lives
over the period [1].

Traffic accidents are generally determined by a
combination of more factors related to the compo-
nents of a system including roads, the environment,
vehicles and road users, and the way they interact.
For almost all the traffic accidents the main cause
is certainly human error. In fact, relative proportion
of contributing factors due to the driver behaviour
amounts to 93%, while 30% is the relative propor-
tion linked to the interrelation between roadway and
driver factors [2]. Considering this evidence, the road
safety concept cannot be separated from the analysis
of human behaviour, the driver being a contributing
factor that can be modified; in other words the driv-
ing behaviour can be adapted to the road, environ-
ment and vehicle conditions. So, traffic accidents and
accident severities can be reduced by implementing
specific measures to target the driving behaviour [2].
The report of the World Health Organization confirms
that among all the risk factors related to the driving
behaviour, speeding is considered as the major road
safety problem in all countries. There are some studies
in the literature investigating speeding as the cause
of accident. As an example, the study of Cabral et al.
[3] aims to contribute to the reduction of accidents
caused by speeding, and, through the use of multisen-
sory information, to help the driver maintain a more
regular driving and controlled speed. They focus their
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work on young drivers. On the other hand, the study
proposed by Chevalier et al. [4] focused on old drivers’
speeding behaviour. They investigated whether a re-
duction in speeding forms part of the self-restrictive
driving behaviour evident when older drivers experi-
ence poor cognitive and visual function. Anyway, from
the statistics on the road accidents, it emerges that
higher driving speeds increase the likelihood of a
crash occurring, and the crash severity [2]. Consider-
ing this evidence, interventions to reduce speed can
surely lead to significant reductions in traffic injuries
[1]. For this aim, classifying driving behaviour on spe-
cific driving styles can be useful in identifying the pre-
ventive measures to be adopted.

In 1990 Reason et al. [5] introduced the Driver
Behaviour Questionnaire (DBQ), which consisted of
50 items describing a variety of errors and violations
during driving. Since the work of Reason et al. (1990)
[5] the popularity of DBQ has increased tremendous-
ly, and there exist many variants of DBQ. Several
studies investigated the relationship between driving
behaviour and road accidents by means of these in-
struments. The work of Winter and Dodou (2010) [6]
analysed 174 studies using DBQ. However, this kind
of studies are based only on drivers’ statements. On
the other hand, there are studies investigating driver
behaviour on the basis of kinematic parameters such
as speed and accelerations. These studies attempt to
classify the driving behaviour and driving style (e.g. Eb-
oli et al. [7]). The driving style is intended as the whole
of manoeuvres that a driver performs while driving, in
safe or unsafe conditions. Different drivers have dif-
ferent driving styles: driver’s personal characteristics
and habits will affect their reaction when faced with a
dangerous situation while driving [8].

Traditionally, by considering driving behaviour, the
drivers were distinguished on the basis of their level
of “aggressiveness” (see for example [9]), where an
aggressive driving style is a way of affecting any type
of manoeuvre on a vehicle in which the driver deliber-
ately behaves in such a manner as to increase the risk
of a road accident. Aggressive drivers have a driving
style characterized by high speed together with numer-
ous and sudden changes of the instantaneous speed,
which cause sudden acceleration and deceleration.
This field has been extensively researched by various
researchers. The Pennsylvania Department of Trans-
portation defines aggressive driving as “the operation
of a motor vehicle in a manner that endangers or is
likely to endanger persons or property”. McTish et al.,
2016 [10] retain that it is necessary to explore and
investigate patterns of aggressive driving behaviour as
a way of helping identify potential problem drivers and
create a sustainable driving behaviour. In their study,
five-year crash dataset was analysed to find common
factors associated with the aggressive driving. The US
National Highway Traffic Safety Administration (NHTSA)

defines as aggressive such driving actions referred not
only to speeding (exceeding the posted limit or driving
too fast for the conditions), but also to other driving
actions such as: improper signalling and lane chang-
ing (failing to signal intent, using an emergency lane
to pass, or passing on the shoulder, cutting into an-
other car’s path); tailgating (driving near the back of
another car at too close distance); driving in improper
lane (travelling too slow in passing lane causing other
drivers to perform more frequent lane changes). As a
consequence, we could generally say that an aggres-
sive driver has an “unsafe driving behaviour”. In fact,
as an example, based on national statistics from the
NHTSA it is apparent that aggressive driving is highly
related to crash fatality rate (McTish et al., 2016 [10]).

On the contrary, some researchers have distin-
guished between two main categories of drivers, that
is, “aggressive” or “cautious” driver (see for example
[11]). Cautious driver is often described also as “care-
ful” (see for example [12]). A driver can be consid-
ered as cautious when they try to maintain a constant
moderate speed, avoiding sudden acceleration and
braking, indicating that they feature “safe driving be-
haviour”.

Taubman - Ben-Ari et al. [13] suggested four broad
driving styles: (1) the reckless and careless style,
which refers to deliberate violations of safe driving
norms and to thrill seeking while driving, and it is char-
acterized by high speed, racing, and illegal passing; (2)
the anxious style, which relates to feelings of alertness
and tension, along with ineffective relaxation activities
when driving; (3) the angry and hostile style, which re-
fers to expressions of irritation and rage, as well as
hostile attitudes and acts on the road, and is typified
by a tendency for aggressive behaviour, such as curs-
ing or flashing lights at other drivers; and (d) the pa-
tient and careful style, which reflects a well-adjusted
style of driving, including planning ahead, attention
to the road, patience, courtesy, calmness, and obedi-
ence to traffic regulations.

The classification of the driving style is an issue that
has recently become of interest for many researchers,
since this topic is found to be closely related to the
environmental sustainability. In fact, as well known, a
careful driving style allows minimization of road acci-
dent risk, but also reduction of CO2 emissions, fuel
consumption and the vehicle wear [14]. In addition,
as noted by Bonsall et al. [9], the key parameters of
traffic simulation models have been derived from the-
ory or informed guesswork rather than from obser-
vation of real behaviour of the drivers. Starting from
this observation, the aim of this work is to introduce a
methodology for classifying the driving style of the car
drivers on the basis of real road driving data collected
for different drivers. Given the different driving style
classifications resulting from the literature review, we
have chosen to distinguish between “safe” or “unsafe”
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driving behaviour, which we retain as the most general
classification. A “safe” behaviour can be defined as a
condition in which the driver is far from risk of acci-
dents; on the contrary, “unsafe” behaviour indicates
driving with a high level of accident risk. These two
kinds of conditions on the basis of a method based
on the use of a kinematic parameter, which is speed.

The next section proposes a brief literature review
of studies where road safety was investigated in terms
of the travelling speed. The third section proposes a
description of the method proposed for classifying the
driving behaviour, based on the values of the travelling
speed. In the fourth section the results are reported,
and finally some conclusions about the work are pro-
vided.

2. ROAD SAFETY AND TRAVELLING SPEED:
LITERATURE REVIEW

According to a study conducted by the European
Commission [15] over 80% of European drivers are
convinced that driving at excessive speeds is often
a determining factor in the occurrence of traffic ac-
cidents. At the same time, many drivers exceed the
speed limit: a percentage of users between 40 and
60% violate speed limits, and about 10-20% of this
percentage exceeds the limit imposed over 10 km/h
(ESRA, 2016) [16].

There are many factors that can influence the
speed adopted by a driver on a specific road section.
The choice of speed can be influenced by the psycho-
physical state of the driver, personal preference, social
pressure, characteristics of the vehicle and all types of
interactions among them, but also by environmental
factors as the weather conditions and the characteris-
tics of the road.

The travelling speed affects both the risk of being
involved in a traffic accident and the severity of an
accident [17]. Many studies have focused their atten-
tion on the relationship between speed and accident
risk. An exhaustive review is reported by the Australian
Transport Safety Bureau [18] and Aarts and van Scha-
gen [19].

The first significant study that allowed an examina-
tion of the relationship between vehicle speeds and
crash risk was proposed by Solomon [20]. This study is
often quoted to supporting the idea that a strong rela-
tionship exists between crash risk and speed variance,
in the sense of different speeds in a traffic stream. Sol-
omon found that the involvement rates took the form
of a U-shaped curve as a function of deviation from the
mean speed, according to indicate a higher probabili-
ty of an accident for both low and high speeds. A few
years later Cirillo [21] published results of a study sim-
ilar to Solomon’s, but undertaken on interstate high-
ways rather than rural highways. Also, the Research

Triangle Institute [22] conducted a similar analysis for
crashes. The findings of RTI for state highways were
presented in terms of accident involvement rates for
categories of deviation from the mean speed, calcu-
lated in a similar manner to that of Solomon: speed
deviation of crash-involved vehicles from the average
appears to be positively related to crash probability,
especially for arterial highways and interstates. In ev-
ery way, both studies found a U-shaped relationship
and have demonstrated that crash rates were the low-
est for the drivers travelling near the mean speed, and
increased with deviations above and below the mean.
In conclusion, these three studies provide evidence
that both driving faster and slower than the surround-
ing traffic, increase the risk of crash.

More recent studies, especially those carried out in
Australia [23, 18, 24] that used more accurate speed
estimates, indicate that vehicles that drive faster than
the average on that road have higher crash rate; vehi-
cles that drive slower, however, were found not to have
an increased risk. Speed deviation of crash-involved
vehicles from the average appears to be positively re-
lated to crash probability, especially for arterial high-
ways and interstates.

Very few studies explore the modelling of personal
driving style of vehicle drivers based on the driving pa-
rameters. As an example, Miyajima et al. [25] modelled
the relationship between following distance and speed
to identify driving style performance and classify driv-
ers into groups based on their car-following patterns.

Constantinescu et al. [26] investigated personal
driving styles of various vehicle drivers based on sev-
eral driving parameters collected by real-time vehicle
tracking, such as speed, acceleration, braking, me-
chanical work. Based on PCA (Principal Component
Analysis), they suggest 5 categories of “aggressive-
ness”: from non-aggressive to very aggressive.

Hong et al. [27] understood and modelled aggres-
sive driving style by implementing an in-vehicle sens-
ing platform using Smartphone technology. They used
these data and applied machine learning to build a
driver model that evaluates the drivers' driving styles
based on a number of driving-related features.

3. EXPERIMENT

Starting from the literature review, we developed
the idea of defining the driving style of car drivers
based on speed values recorded by real-time vehicle
tracking, and introducing types of driving behaviour
according to ranges of speed.

Specifically, real road driving was tested by ana-
lysing instantaneous speed values surveyed through
smartphones with embedded GPS chips. Speed values
were recorded by means of an app for smartphones
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which allows the geo-referenced kinematic parame-
ters of the vehicle to be detected.

The experiment involved a real context, that is
a part of the Italian National road n.106 “Jonica”
(85106), which is a rural two-lane road 491 km long
connecting Apulia with the Calabrian regions, in South-
ern Italy. SS106 annually experiences a large number
of accidents and for this reason it was named the
“death road”; as reported by the Italian Bureau of Sta-
tistics [28], in 2009 SS106 was the ltalian road with
the highest death rate (0.46 dead persons per kilome-
tre). The analysed road segment is 10 km long. It is an
interurban, almost flat road with a maximum longijtudi-
nal grade equal to 4%. Each lane of the road segment
is 3.5 meters wide. It lacks in lighting and, although
the road is far from significant urban areas, there are
junctions, and not detected or inadequately detected
private accesses along the route. From a planimetric
point-of-view the road segment presents a very discon-
tinuous pattern, with radii of curvature ranging from
120 to 520 metres and very tortuous path, especially
in the southern part.

The road segment consists of 29 elements: 15
tangents and 14 curves. Nevertheless, the analysis
was performed on 22 elements, because the first five

Table 1 - Characteristics of the road elements

elements and the last two were excluded from the
analysis for lack of surveyed data. Each element was
characterized by the length (L), curve radius (R), 50t
and 85™" percentile speeds (Vs,, Vgs), average speed
(V,,), design speed (V,), posted limit (V,) (Table 1). De-
sign speed values were calculated by using the formu-
lation proposed by the Italian National Research Coun-
cil [29], reported in Equation 1, as a function of the
curve radius R and by considering the physical laws
that govern a vehicle’s motion with respect to the road
geometric characteristics.

V2(1-0.0015-R)+0.432-R-V-50.17-R=0 (1)
The analysed road segment was repeatedly run by
drivers in order to collect the instantaneous speed val-
ues for each trajectory. To this aim, vehicles equipped
with a GPS-embedded Smartphone were used; a spe-
cific app allowed the speed values to be recorded, by
adopting a frequency of 1 Hertz, together with the
instantaneous vehicle positions, that is, latitude and
longitude [30]. Starting from these data, the 50" and
85" percentile speeds (this last one is the operating
speed), and the average speed of the sampled drivers
were calculated for each road element [31] (Table 1).

ID | Road element | L[m] | RIm] | Vgolkm/h] | V,[km/h] | Vi, [km/h] | Vgg[km/h] | Vlkm/h] | Vi [km/h] | Vignlkm/h]
1 Tangent 58 54.45 54.03 54.03 66.39 100 90 66.39
2 Curve 118 | 386 54.02 54.78 54.02 63.24 93.88 90 63.24
3 Tangent 55 59.28 59.96 59.28 70.91 100 90 70.91
4 Curve 118 | 120 58.39 61.74 58.39 73.77 59.72 90 59.72
5 Tangent 344 64.40 66.55 64.40 79.46 100 90 79.46
6 Curve 352 | 356 67.85 68.73 67.85 75.78 91.03 90 75.78
7 Tangent 145 68.52 68.26 68.26 75.34 100 90 75.34
8 Curve 143 | 320 69.10 69.28 69.10 78.01 87.40 90 78.01
9 Tangent 299 71.02 71.52 71.02 78.54 100 90 78.54
10 Curve 429 | 410 70.32 71.22 70.32 78.49 96.07 90 78.49
11 Tangent 242 77.59 80.39 77.59 91.21 100 90 90.00
12 Curve 513 | 380 79.94 80.54 79.94 88.83 93.32 90 88.83
13 Tangent 288 80.51 81.43 80.51 89.55 100 90 89.55
14 Curve 370 | 270 81.00 82.03 81.00 90.11 81.91 90 81.91
15 Tangent 331 82.25 83.17 82.25 94.16 100 90 90.00
16 Curve 270 | 435 76.72 83.17 76.72 98.79 98.27 90 90.00
17 Tangent 333 78.81 83.59 78.81 100.55 100 90 90.00
18 Curve 118 | 520 82.06 85.43 82.06 106.23 100 90 90.00
19 Tangent 687 80.59 86.48 80.59 113.82 100 90 90.00
20 Curve 120 | 480 79.44 85.31 79.44 118.62 100 90 90.00
21 Tangent 573 81.47 89.66 81.47 119.08 100 90 90.00
22 Curve 190 | 510 81.67 90.79 81.67 118.81 100 90 90.00

Note: L=length; R=radius; V5O=SO‘h percentile speed; V,_=average speed; V,

speed); V =design speed; V,=posted limit; Vh,.gh=highest threshold.

(ow=lowest threshold; V85=85‘h percentile speed (operating
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The experiment consisted in gathering instanta-
neous data when the path was covered by 27 drivers
with different driver behaviour. A total of 27 real tests
was made, all covered in the same direction; during
the tests they registered 7,818 instantaneous values
of vehicle positioning (latitude and longitude), with an
average value of 290 points per survey. In Table 2 we
reported some characteristics of the drivers. The driv-
ers were prevalently males (23 out of 27), aged from
22 to 60; on the average, the sample is made up of
young drivers at an age of 34. Real road driving was
tested by drivers who did not habitually run the road
segment: only 9 out of 27 drivers were habitual us-
ers of the analysed SS106 road segment. Finally, the
tested drivers were distinguished among three levels
of driving experience. The level of driving experience
was determined by considering the years of driving li-
cense and the average number of annual Kms. More
specifically, we assigned three levels to an indicator of
driving license according to the following criteria: the
indicator is equal to 1 if the years of driving license are
lower than 5; 2 if the years are between 6 and 10; 3 if
the years are more than 10. Analogously, we assigned
three levels to an indicator of annual Kms according to
the following criteria: the indicator is equal to 1 if the
number of Kms is lower than 10,000; 2 if the num-
ber of Kms is between 10,000 and 30,000; 3 if the
number of Kms is more than 30,000. The indicator of
driving experience is obtained by adding the values of
the above described indicators, and by assigning a lev-
el of experience according to the following criteria: the
level of driving experience is low if the sum is 2; it is
medium if the sum is 3 or 4; it is high if the sum is 5 or
6. By observing Table 2 it can be stated that 3 out of 27
were drivers with a low level of driving experience (11%
of the sample), 15 out of 27 (56%) drivers had a me-
dium level of experience, and 9 out of 27 (33%) could
be considered as very expert drivers, due to the large
number of years since they have the driving license
and/or the average number of annual Kms.

4. CLASSIFICATION OF DRIVING BEHAVIOUR

The main result of this study is the classification of
driving behaviour based on the car driver’s travelling
speed. The research on driving behaviour focused on
the definition of threshold levels and how they relate
to the driver performance. The proposed classification
provides three types of driving behaviour according to
three ranges of speed. The ranges of speed were de-
fined on the basis of the values of the 50 percentile
speed (V5p), operating speed (Vgs), and average speed
(V,,) (calculated by means of the instantaneous re-
corded speed), the design speed (V,) and the posted
limit (V).

The aim of the methodology is to obtain a judgment
on the driving style; instead of having an overall judg-
ment for the entire route, the attempt was made to find
a policy that would provide information on the driving
behaviour on each geometric element of the analysed
road segment. In fact, the methods reported in the lit-
erature provide an overall judgment and do not offer
the opportunity to provide information to drivers about
the features (geometric elements) they need to know
to correct their behaviour in order to reduce the errors
that can cause fatal effects.

For this purpose, travelling individual speed profiles
and speed indicators (threshold values) are necessary,
and therefore speed ranges to classify the driving style
for each road element (curve, tangent). In particular,
two values were defined as threshold: the lowest value
and the highest one.

According to the studies on the relationship be-
tween the risk and/or the severity of the road acci-
dents and the travelling speed, the lowest threshold is
defined as the minimum value between the V50 and
the average speed of the sampled drivers. If the speed
profile has normal distribution, that is, the kurtosis is
zero, the two speed values are just the same.

Many international studies [32, 33] agree in con-
sidering the operating speed (V85) as an average
speed value which is adequate to the characteris-
tics of the road section; above this value the driving
behaviour can be considered as “dangerous”. This
speed, in fact, is used in many countries as a refer-
ence value to establish speed limits. This approach,
despite enabling the establishment of credible limits
for drivers, in some cases this is not very applicable.
As an example, on the most of Italian roads it is very
common that the 85" percentile speed is higher than
the design speed, which is defined as “the maximum
constant speed that an isolated vehicle may maintain,
in a safe condition, over a specified section of high-
way”. For this reason, the minimum value between the
operating speed, design speed and speed limit was
chosen as the highest threshold.

Definitively, in this paper the analysis of the data
is performed based on the following criteria: (1) V(low-
est threshold)=min(Vs,,V,,) and (2) V(highest thresh-
old)=min(Vgs,Vy V,).

Above the highest threshold safe conditions fail,
and then drivers are considered to have an “unsafe
driving behaviour”. It is supposed that also below the
lowest threshold safe conditions fail, and the user fea-
tures dangerous driving behaviour because the vehi-
cle travelling at a reduced speed can be an obstacle
to other vehicles travelling on the same road segment,
especially in the same direction [34]. More specifical-
ly, this behaviour is considered as “safe” for the ana-
lysed driver, but “potentially dangerous”. In fact, trav-
elling at a speed lower than other vehicles can irritate
other drivers and encourage them to overtake; this
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behaviour increases the probability of a traffic acci-
dent. For this reason, in many countries, some catego-
ries of slow vehicles have no access to the fast-flowing
roads. Specifically, the Italian rules enforces an eco-
nomic sanction to drivers who drive at a certain speed
that can be dangerous for the road traffic.
By summarizing, we can have the following driving
behaviours:
1) safe (but potentially dangerous) driving behaviour
if V<V (lowest threshold)
2) safe driving behaviour if V(lowest threshold)<V<V
(highest threshold)
3) unsafe driving behaviour if V=V(highest threshold).
These criteria were applied to the experimental
data collected for the analysed road segment.
Table 1 shows the geometric characteristics of the
road elements together with the values of the lowest

and highest speed thresholds. The proposed driv-
ing behaviour classification can be applied in a rural
two-lane road for which the design speed and posted
limit have a value higher than both the 50" percentile
speed and the average speed.

When these hypotheses are not verified we can as-
sert that the “unsafe” driving behaviour is not affected
only by the driver’s personal characteristics and habits
but is due also to the planimetric and altimetric road
characteristics and an inappropriate road design.

In Table 2 we reported for each driver a classifi-
cation of the road elements according to the criteria
described above; in other words, for each driver, we
know the number of road elements with “safe but po-
tentially dangerous driving behaviour”, with “safe driv-
ing behaviour”, and with “unsafe driving behaviour”.
By considering this count, we can provide a prevalent

Table 2 - Characteristics and driving behaviour of the sampled drivers

c = @ < o o
o 3 . |38 £s5 | %3 »
. s | g | ¢ 2 |23 g5 | 2% zs
5| 2 | g | 2] 5| gt s |gsg| g | 23 =5
5 8 | | g| 2| &t 5 [2Ez 52 gy 52
= c c o e: 5| @ - @ 85
5 | < z # o |Segl 98| S¢ g
S g8g|l 27 | g7 =
1 Male 27 2 1 Medium Habitual 4 3 15 Unsafe
2 Male 27 2 2 Medium Habitual 8 13 1 Safe
3 Male 27 2 1 Medium Not habitual 19 2 1 Safe (dangerous)
4 Male 27 1 1 Low Not habitual 10 6 6 Safe (dangerous)
5 Male 28 2 1 Medium Not habitual 14 5 3 Safe (dangerous)
6 Male 28 2 3 High Not habitual 20 2 0 Safe (dangerous)
7 Male 29 1 1 Low Not habitual 0 6 16 Unsafe
8 Female 28 2 2 Medium Habitual 16 6 0 Safe (dangerous)
9 Male 27 2 2 Medium Not habitual 3 8 11 Unsafe
10 Male 27 2 1 Medium Not habitual 0 9 13 Unsafe
11 Male 35 3 2 High Not habitual 22 0 0 Safe (dangerous)
12 | Female 49 3 1 Medium Not habitual 13 8 1 Safe (dangerous)
13 | Female 23 1 2 Medium Habitual 15 6 1 Safe (dangerous)
14 Male 55 3 1 Medium Not habitual 18 4 0 Safe (dangerous)
15 Male 30 2 2 Medium Not habitual 13 7 2 Safe (dangerous)
16 Male 30 3 2 High Habitual 5 9 8 Safe
17 Male 27 2 1 Medium Not habitual 1 14 7 Safe
18 Male 58 3 3 High Habitual 11 10 1 Safe (dangerous)
19 Male 60 3 3 High Not habitual 17 4 1 Safe (dangerous)
20 | Female 27 2 3 High Not habitual 2 9 11 Unsafe
21 Male 58 3 2 High Habitual 13 5 4 Safe (dangerous)
22 Male 60 3 3 High Habitual 10 6 6 Safe (dangerous)
23 Male 51 3 2 High Habitual 6 14 2 Safe
24 Male 26 2 2 Medium Not habitual 11 8 3 Safe (dangerous)
25 Male 28 2 2 Medium Not habitual 16 6 0 Safe (dangerous)
26 Male 22 1 1 Low Not habitual 0 1 21 Unsafe
27 Male 23 2 1 Medium Not habitual 19 2 1 Safe (dangerous)
198 Promet - Traffic&Transportation, Vol. 29, 2017, No. 2, 193-202
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driving behaviour for each driver, on the basis of the
highest number of elements including one of the three
categories of behaviour. As an example, the first driver
is classified as an “unsafe driver” because they preva-
lently adopted an unsafe behaviour (in 15 out 22 road
elements).

By applying the proposed criterion, there are only 4
drivers who feature “safe” behaviour, almost all driving
in a safe manner in most of the road elements (about
60%); one of these four drivers (driver no. 16) can
be considered a borderline case, because they were
“safe” in 9 elements, but unsafe in 8 elements (Table 2).
All the drivers with a safe driving behaviour are males,
and three are young people; they have medium or high
driving experience, and they are prevalently habitual
drivers of the analysed road. We have calculated the
correlations among the different variables reported in
Table 2. As an example, we found a discrete negative
correlation (0.31 is the absolute value) between the
type of driver and the number of elements with “safe”
behaviour; this means that if the driver is not habitu-
al the behaviour inclines to be unsafe. On the other
hand, there are 6 out of 27 drivers who feature “un-
safe” behaviour (Table 2). These drivers are prevalently

male (5 out of 6), and they are all young people; they
belong to different categories of driving experience,
but they are almost all not habitual users of the an-
alysed road. These results are confirmed by the cor-
relation analysis. In fact, we found a discrete negative
correlation (0.32 is the absolute value) between age
and the number of elements with “unsafe” behaviour;
this means that the increase of age entails a decrease
of elements with “unsafe” behaviour, so the behaviour
inclines to be safe. The same effect is produced by the
driving license (with a correlation coefficient equal to
-0.44), annual Kms (correlation coefficient of -0.31),
and consequently driving experience level (correlation
coefficient of -0.41) meaning that if experience level
increases, the driving behaviour inclines to be safe.
Finally, the category including the drivers with safe
but potentially dangerous behaviour is the largest (17
drivers out of 27). Almost all the females (3 out of 4)
belong to this category, as well as almost all the less
young drivers. We observed a certain positive correla-
tion of age, driving license, driving experience level
with the number of elements with “safe but potentially
dangerous” behaviour (0.22, 0.30, and 0.28, respec-
tively). This means that if age, years of driving license,
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Figure 1 - Example of safe but potentially dangerous driving behaviour
105 Driver no. 11
£ 85 il
£ if—'A*vﬁﬁ:'L——%;—I:Zﬁ*:i il
3 ] i T B
[ al o
g’,— 65 1 L L I E-—g !
AT
I
451 n I
0 1,000 2,000 3,000 4,000 5,000 6,000
- V - Vm o Vlo o Vup
Distance [m]

Figure 2 - Example of safe driving behaviour
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Figure 3 - Example of unsafe driving behaviour

and driving experience increase, the drivers incline to
drive at a low speed which can be dangerous for road
traffic.

The typical cases are represented by the drivers
no. 11, 23 and 1 (Figures 1, 2 and 3). Driver no. 1 can
be defined as an “unsafe” driver: in fact, he satisfies
the 3 condition for almost all the road elements. On
the contrary, driver no. 23 can be defined as a driver
with a “safe” driving behaviour, because in the major
part of the road stretch (14 elements out of 22) he
satisfies the 2" condition. Finally, the driver no. 11
can be considered as a safe driver, but potentially dan-
gerous for other drivers, who satisfy the 1t condition
in all the road elements.

5. CONCLUSION

Driving behaviour includes various driving actions,
such as driving above the speed limit, responses to
red-light cameras at intersections, behaviour at all-way
stops, and attitudes towards pedestrians and cyclists.
Out of these, speeding is the most recognized risk fac-
tor. The studies suggest that it is particularly difficult to
change road-use culture regarding driving speed and
observing speed limits [2]. Supporting judicial system
plays a role in defining the proper driving behaviour:
if drivers know that the speed limits are rarely enforced,
drivers will see little reason to reduce their speed.
So, in order to reduce traffic accidents, combining dif-
ferent measures seems to offer potential advantages;
as an example automated enforcement for speed, ap-
propriate enabling legislation, public education cam-
paigns. Starting from these considerations, we can
state that it is very important to investigate the driving
behaviour in terms of speed adopted by the drivers.
Our paper focused just on this issue. More specifically,
we defined the driving behaviour of car drivers based
on speed values recorded by real time vehicle tracking,
and introducing types of driving behaviour according
to ranges of speed. We determined that supporting the
research studies about accident risk analysis with real

test can help in defining the driving behaviour, also in
order to sensitize the drivers about their dangerous
driving behaviour and to introduce efficient measures
to reduce the travelling speed and traffic accidents.

In addition to the proposed classification of driving
behaviour, which can be useful for other researchers
for analysing other real contexts, the most relevant
findings concern the analysis of driving behaviour in
relation to the characteristics of the drivers. We found
that if age and driving experience level increase, the
behaviour inclines to be safe or the drivers tend to drive
at a low speed which can be dangerous for road traf-
fic. However, if the driver is not habitual the behaviour
inclines to be unsafe. It can be concluded that young
people with low driving experience are more oriented
to unsafe driving behaviour in terms of speeding.

Development of the proposed study will surely con-
sist in an extension of the sample in order to better
investigate the driving behaviour and the relationship
with the drivers’ characteristics.
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LO STUDIO DEL COMPORTAMENTO DI GUIDA DEI
CONDUCENTI DELLE AUTOVETTURE TRAMITE
L’ANALISI DELLE VELOCITA’

SOMMARIO

La velocita é stata considerata per lungo tempo come
un fattore di rischio chiave per il traffico stradale: velocita in-
adeguate contribuiscono al verificarsi di una parte rilevante
degli incidenti stradali. Molti studi in letteratura si sono
concentrati sul rapporto tra velocita e rischio di incidente.
Partendo da questa considerazione questo lavoro indaga sul
rischio di incidente stradale attraverso I'analisi delle velocita
registrate tramite prove reali su strada. E stata condotta una
indagine per raccogliere i valori di velocita sperimentali in un
contesto reale. | conducenti coinvolti nell’indagine (circa 30)
hanno percorso ripetutamente un tratto appartenente ad
una strada italiana rurale a due corsie, al fine di raccogliere
i valori istantanei di velocita per ogni traiettoria. | dati rela-
tivi alle velocita sono stati registrati mediante smartphone.
| dati registrati sono stati usati per calcolare: la velocita me-
dia, il 50° e I'85 ° percentile delle velocita per ogni elemento
geometrico del tratto di strada analizzato. Il risultato prin-
cipale della ricerca é rappresentato da una classificazione
del comportamento di guida dei conducenti delle auto, in
base ai valori di velocita. La classificazione prevede tre tipi
di comportamento di guida: comportamento sicuro, non si-
curo, e sicuro ma potenzialmente pericoloso. Si é riscontrato
che solo quattro conducenti hanno un comportamento “si-
curo”, in quanto hanno percorso in modo sicuro la maggior
parte degli elementi stradali percorsi. Tuttavia, la maggior
parte dei conducenti hanno un comportamento sicuro ma
potenzialmente pericoloso per gli altri conducenti, in quanto
percorrono il tratto di strada a velocita molto basse.

PAROLE CHIAVE

sicurezza stradale; comportamento di guida; analisi delle
velocita; valori istantanei di velocita;
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