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ABSTRACT: This paper describes a longitudinal study on elderly drivers’
car-following behavior. Field experiments using AIST instrumented vehicle
were conducted twice, in 2003 (call “first experiment”) and in 2008 (call
“second experiment”). The AIST instrumented vehicle was equipped with
various sensors and recorder systems to measure the vehicle velocity and to
detect the relative distances and speeds to leading and following vehicles.
We focused on time headway to the leading vehicle to clarify how much
distance elderly drivers leave to the leading vehicle. Additionally, we used a
fuzzy logic car-following model to evaluate an acceleration rate according to
the movements of the leading vehicle. The results suggested that the time
headway was longer in the second experiment than that in the first
experiment. The acceleration was stronger in the second experiment when
the headway distance was opening. The longer time headway implies a
compensatory behavior of the elderly drivers due to age-related functional
changes. The stronger acceleration in the car-following conditions suggests
the concept of advanced driver assistance systems enhancing the elderly
drivers’ driving safety.

1.

INTRODUCTION

The number of elderly drivers who drive their own passenger vehicle in their
daily lives has been incearing annually. Driving a vehicle expands everyday
activities for the elderly. However, cognitive and physical functional declines
of elderly drivers may lead to increased traffic accidents, because the driving
tasks require rapid information processing, precise operations, and cognition
and inference for multiple targets in some driving situations. It is important to
develop advanced driver assistance systems that promote safe driving for
elderly drivers.
Various research activites have been conducted in order to investigate the
influences of age-related functional decline on driving. These works have
mainly focused on comparisons of elderly drivers’ physical and cognitive
functions with those of young drivers [1]. Driving behaviour is influenced by
several driver characteristics including driving skill and driving style [2]. Our
observational results of the elderly drivers’ behaviours include their driving
skill and style that were achieved when they were young as well as the
influence of the age-related functional changes. We have been involved in a
longitudinal study on the driving behaviours of elderly drivers on a real road.
The longitudinal study is expected to focus on changes in elderly drivers’
cognitive functions, because this work deals with the same elderly drivers
and can exclude individual differences of the driving behaviour resulting from
their conventional driving skill and/or style.
219

Human Centred Design for Intelligent Transport Systems

This paper describes a cohort study of elderly drivers’ car-following
behaviour. Automatic vehicle control systems are expected to enhance
comfort as well as safety when elderly drivers follow a vehicle.
Understanding elderly drivers’ car-following behaviour is essential to develop
automatic control systems that are adaptive to their typical car-following
behaviour. The aim of this study is to clarify how elderly drivers follow a lead
vehicle on an actual road, based on an analysis of how the car-following
behaviour changes with aging. We collected car-following behaviour data of
elderly drivers determined in one year and compared it with that determined
five years later.
Car-following behaviour is a goal-seeking process where drivers attempt to
maintain the desired following headway behind a lead vehicle. This
behaviour is depicted by several spirals in a relative distance and relative
speed mapping. The car-following behaviour includes two aspects: a
desirable headway distance where drivers leave to a leading vehicle (“static”
aspects), and driver’s acceleration controls based on the relative distances
and speeds to the leading vehicle (“dynamic” aspects). In this paper, the
distribution of “Time Headway (THW, defined by the relative distance to a
leading vehicle divided by the driving speed of driver’s own vehicle)” is an
indicator for evaluating the static aspect. A fuzzy logic car-following model is
used to describe the dynamic aspect [3]. The fuzzy logic model uses relative
speed and headway distance as the inputs, uses acceleration-deceleration
rate as output, and adopts fuzzy sets described by membership functions as
a formula for input-output relationship.
Figure 1 presents an overview of the cohort study on the elderly drivers’ carfollowing behavior.

5 years later

1st experiment

2nd experiment

The same instrumented vehicle,
the same route, and the same
elderly participants
2003

2004

2005

2006

2007

2008

Participant 1 (Male)

68 years old

73

Participant 2 (Male)

65 years old

70

Participant 3 (Female)

66 years old

71

Participant 4 (Male)

70 years old

74

Compare the car-following behaviour from the
viewpoint of “static” and “dynamic” aspects

Figure 1: Overview of this cohort study

2.

METHODS

2.1. AIST Instrumented vehicle
AIST instrumented vehicle used in the experiments is equipped with various
sensors and a recorder system in order to measure the vehicle driving status
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and the driving operations [4]. The driving velocity was detected using a
speed pulse signal. The relative distances and speeds to leading and
following vehicles were recorded with laser radar units that were fixed in the
front and rear bumpers.

2.2. Participants
Four elderly drivers (3 males and 1 female) participated in the field
experiments. The age ranged from 65 to 70 years old in the first experiment
and from 70 to 74 years old in the second experiment. The ranges of driving
experience (in terms of holding a driver license) were from 13 to 40 years
(average: 26.0 years) in the first experiment and from 17 to 45 years
(average: 30.3 years) in the second experiment.
Each participant made 10 recorded trips (made once a day) in the first
experiment and 30 trips (made twice a day) in the second experiment. The
participants were instructed to drive in their typical manner before the
recorded trip.

2.3. Driving route
The experiments were conducted on rural roads around Tsukuba in Japan.
The selected driving route was about 14 km and had several left and right
turns. The travel time was about 25 minutes. We focused on a bypass with
one traffic lane in the driving route to analyze the car-following behaviour.
The length of the target road section was about 1.8 km (about 2 min).

2.4. Evaluation
The headway distance under car-following conditions was obtained from the
measured data. The car following condition was defined as the situation
where a driver followed an identical vehicle for more than 20 seconds with
relative speeds between 15km/h and -15km/h. The distributions of the THW
were investigated in order to clarify the “static” aspect of the car-following
behaviour. The THW distributions suggested the proportion of time
experienced in each category to the total time of the car-following conditions.
We also investigated THW to following vehicles (defined by the relative
distance to the following vehicle divided by the driving speed of the following
vehicle) in order to measure traffic characteristics on the analyzed road.
A fuzzy logic car-following model, developed at Transportation Research
Group in University of Southampton, was used to describe the “dynamic”
aspect. The relative velocity (RV) and the distance divergence (DSSD = the
ratio of headway distance to a desired headway) were used as input
variables. Here, the desired headway is defined as the average of the
headway distance that is observed when the relative speeds between
vehicles are close to zero. The output variable was the acceleration. A
Sugeno-type fuzzy inference system was used and the learning algorithm
was combination of back-propagation and least square method. RVacceleration mapping was described to analyze the drivers’ acceleration
controls based on the variation in relative speeds.
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2.5. Reference data
Four non-elderly drivers (2 males and 2 females) were also participanted in
this cohort study. The first experiment was conducted from 2001 to 2003
(different among the participants) and the second was conducted in 2009.
The age ranged from 34 to 57 years old in the first experiment and from 40 to
65 years old in the second experiment. The ranges of driving experience
were from 16 to 37 years (average: 22.5 years) in the first experiment and
from 22 to 45 years (average: 29.5 years) in the second experiment.
All procedures of the field experiments were the same as those of the elderly
drivers’ experiments.

3.

RESULTS

3.1. “Static” aspect of car-following behavior
Figure 2 presents the disctibution of THW to following vehicles of the elderly
drivers. Almost no differences are found in the distribution of THW to
following vehicles between the first and second experiments. The proportion
of very short THW (0.5 to 1s) in the second experiment was higher than that
in the first experiment.
Figure 3 presents the disctibution of THW to leading vehicles of the elderly
and non-elderly drivers. The peak of the THW distribution of the elderly
drivers is found in the category from 1 to 1.5s in the first experiment. In the
second experiment, the peak is found in the category from 1.5 to 2s,
suggesting that the elderly drivers took longer THW in the second
experiment.
The peak of the THW distribution of the non-elderly drivers is found in the
category from 1.5 to 2s both in the first and second experiments. The
proportion of shorter THW (1 to 1.5s) in the second experiment exceeds that
in the first experiment. The THW of the non-elderly drivers suggest similar
change between the two experiments to the THW to following vehicles,
although the THW of the non-elderly participants was longer compared to the
following vehicles.
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Figure 2: Result of THW to following vehicles
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Figure 3: Results of THW to leading vehicles of elderly (left) and
non-elderly (right) drivers

3.2. “Dynamic” aspect of car-following behavior
Figure 4 presents the RV-acceleration mapping obtained from the the fuzzy
inference specification of the elderly and non-elderly drivers. The
deceleration when the elderly participants approach a leading vehicle was
the same in the two experiments. However, the elderly drivers accelerate
more strongly in the second experiment compared to the first experiment,
when the leading vehicle goes faster and the headway distance is opening.
The RV-acceleration mapping of the non-elderly drivers suggests different
tendency from that of the elderly drivers. The deceleration in the second
experiment is weaker than that in the first experiment while approaching the
preceding vehicle.
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Figure 4: Results of fuzzy logic car-following model specification
of elderly (left) and non-elderly (right) drivers
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4.

DISCUSSION

Comparison of THW to following vehicles between the first and second
experiments indicates almost no change in traffic flow on the target section
within five years. THW to leading vehicles of the elderly drivers is longer in
the second experiment than in the first experiment, suggesting that elderly
drivers take longer THW over five years. The acceleration rate when the
inter-vehicle distance is opening becomes higher after five yeas. The time
headway was longer when the leading vehicle accelerated, and the larger
headway space led to the stronger application of the accelerator pedal in
order to follow the preceding vehicle.
The task-capability interface model [5] supports the interpretation of the
changes of elderly drivers’ car-following behaviour. In this model, drivers
adjust task difficulty while driving, and the task difficulty is determined as an
interaction between the driver’s capability and task demands. When the task
demands exceed the driver’s capability, the task is difficult and a collision or
loss of control occurs. Here, the driver’s capability is influenced by the
individual’s physical and cognitive characteristics, driving style, etc. Task
demands are influenced by the vehicle characterictics, road traffic
environments, and driving behaviour. The physical and cognitive functional
declines with aging may lead to a decrease in the elderly driver’s capability.
Therefore, elderly drivers reduce task demands by adopting longer THW to a
lead vehicle. On the other hand, the stronger acceleration may lead to a
higher task difficulty if traffic condition changes (e.g. a leading vehicle
suddenly decelerates due to a merging vehicle) and the temporal task
demand exceeds the driver’s capability. These findings imply that information
or warning about the movements of the surrounding vehicles is helpful to
elderly drivers when headway distances to a lead vehicle are opening while
driving on multi-traffic lanes or while approaching a merging point, because
they accelerate more strongly and the potential task demand is higher under
these situations.
Non-elderly drivers took almost similar THW in the two experiments, although
their deceleration while approaching a lead vehicle became weaker after five
years. The familiarity with the field experiments may lead to the weak
deceleration because an apparent task demand is low for the non-elderly
drivers. It can be said that information or warning about the appropriate
headway distances while approaching a lead vehicle is helpful to maintain
the driving safety for non-elderly drivers.

5.

CONCLUSIONS

The same experimental design, including the same instrumented vehicle, the
same driving route, and the same elderly drivers contributed to a longitudinal
study of elderly drivers’ car-following behaviour. We investigated how much
distance the elderly drivers take behind a leading vehicle and how they
accelerate according to the movements of the leading vehicle. The carfollowing behaviours were compared between in one year and five years
later. The results suggested that the elderly drivers followed a lead vehicle in
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a longer range after five years and they accelerated harder when the
headway distance was opening. The behavioural changes imply a concept of
advanced driver assistance system that reduces potential risks for elderly
drivers under the car-following conditions.
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ABSTRACT: Passing is one of the most dangerous maneuvers on
two-lane rural highways. The most influential factors are related to
drivers, so ITS and assistance systems are not yet common. This
research is based on experimental data of passing maneuvers
collected using an instrumented vehicle. This vehicle drove along
four different road segments at constant speeds in order to be
passed by other vehicles. Different variables, such as age or gender
of passing drivers were observed and registered. More than 200
maneuvers have been recorded and influence of human related
factors on maneuver duration has been analyzed. Results show
differences in behavior between age groups and provide criteria to
review design and marking standards and to develop future
assistance systems.

1.

INTRODUCTION

Passing maneuvers improve the level of service of two-lane rural highways.
To perform a passing maneuver, it is necessary to occupy the lane reserved
to opposing traffic. Therefore, passing is one of the most dangerous
maneuvers on two-lane rural highways. Severity of accidents related to
passing maneuver is significantly higher than other accident types [1].
Human factor is highly important in this maneuver, since it involves a
complex decision process. Drivers decide to pass depending on which
difference between their desired speed and the speed of leading vehicles
they would accept. Before starting the maneuver, a driver must check
whether there is enough distance until the next opposing vehicle to safely
complete the pass. Therefore, human factor influence is very strength [2].
Decisions to pass are based on driver’s preferences; such as driver’s
impatience; perception of opposing vehicle speeds, or characteristics of
passing and impeding vehicle.

2.

BACKGROUND

Existing design and marking criteria define passing sight distance (PSD) as
the distance needed to pass a slower vehicle when an opposing vehicle is
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approaching. PSD estimation is based in different theoretical models [3]
which define the movement of the three vehicles involved in the maneuver:
the passing vehicle (faster), the impeding vehicle (slower), and the opposing
vehicle. Usually, their trajectories are calculated using deterministic
formulations.
However, many field studies have shown a high dispersion in their results [4,
5]. They recorded passing maneuvers, but variables related to human factor
were not usually considered, despite their potential influence on the passing
process. Driving simulator based studies have confirmed its influence,
although they are not still validated with accurate field data. In consequence,
there is a lack of observed data to study the influence of human factors on
this maneuver.
Finally, assistance systems are not less developed than in other maneuvers.
Loewenau et al. [6] suggested a system to warn drivers where passing is not
recommended, according to map data and previous driving behavior.
Hegeman et al. [7] designed different systems, but they were only tested
using a microsimulation model.

3.

OBJECTIVES AND HYPOTHESES

The main objectives of this paper are, firstly, to develop a new methodology
to study passing maneuver based on an instrumented vehicle, and secondly,
to collect a sample of observed maneuvers to characterize the effect of
different human related factors.
The analysis is supported by several hypotheses. On one hand, driver’s age
and gender and number of passengers of passing vehicles could cause of a
different behavior when passing. On the other hand, impatience due to delay
before performing a passing maneuver could cause a risky behavior.

4.

METHODOLOGY

The proposed new methodology is based on a new, versatile instrumented
vehicle, developed by the Highway Engineering Research Group of the
Universitat Politècnica de València (Spain). The new instrumented vehicle
was driven along two-lane rural highway segments at constant speeds, lower
than the operating speed, in order to be passed by other drivers.
Previously, only few studies have used an instrumented vehicle to study
passing maneuvers [5, 7]. The new data collection system allows increasing
the number of observed variables, such as human factor related factors: age
and gender of drivers of passing vehicles and their gap acceptance behavior.
Data was extracted along the entire following process, and not only in single
passing zone.

4.1.

Field study design

4.1.1.

Instrumented vehicle

Data collected by using the new vehicle is a combination of video data,
distances to other cars and positioning data. Video data is provided by four
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small digital cameras, which are installed inside the car. They cover the rear,
left and front area. Therefore, the whole trajectory of a passing vehicle is
observed [8]. Relative distances between passing vehicles and the
instrumented vehicle before and after performing a passing maneuver are
collected by two laser rangefinders installed on rear and front bumpers.
Position of the instrumented vehicle is continuously registered by a 10 Hz
GPS tracker (Figure 1).
camera 4

GPS tracker

camera 1

Instrumented,
impeding vehicle

laser rangefinder

Passing vehicle

Opposing vehicle
camera 3

camera 2

Figure 1: Field study layout
As size of equipment is very small, it was not visible by other drivers. No
unexpected or evasive action was observed during the experiment.
Additional information, such as characteristics of passing vehicles and
gender of passing drivers were registered by the co-driver of the
instrumented vehicle. Age of passing driver is also estimated during each
maneuver by co-driver.
4.1.2.

Site selection

This instrumented vehicle was driven along four highway segments. They
were located in the surroundings of Valencia (Spain) and had the same
posted speed limit (100 km/h) and cross section and similar traffic volumes.
Each segment had different design speed, ranging from 80 to 120 km/h. 41
passing zones were located in those segments.
On the other hand, the instrumented vehicle circulated at constant speed,
lower than the segment operating speed, based on previous data [9].
4.1.3.

Data reduction

During field study, time of each passing maneuver and characteristics of
passing driver and passing vehicle were collected by the co-driver. Data
reduction allowed the identification of the starting and the ending point of
each passing maneuver, as well as every rejected gap during the entire
following process. Distance between instrumented and passing vehicles was
obtained from laser rangefinders and position of instrumented vehicle was
provided from GPS tracker. After that, speeds and trajectories of passing
vehicles were calculated
Delay was estimated as the difference between the time spent following and
the corresponding time of travelling at design speed along the same
distance.
The most representative variables are shown in Figure 2. 214 maneuvers
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were observed. However, 93 of them were not considered since the passing
vehicle was a truck or there was more than one passing vehicle.
Instrumented,
impeding vehicle

Stage: t=t1

t=t1

t=0

Passing vehicle

d1

Stage: t=t2

t=t1

Opposing vehicle

t=t1+t2

t=t1

clearance distance

Figure 2: Variables of passsing maneuver

5.

DATA ANALYSIS

Statistical analysis was carried out to study the influence of different factors
on passing maneuvers. Selected dependent variables were t1, time of left
lane occupation and dV, difference between average speeds of passing and
impeding vehicle. Following independent factors and their correspondent
levels have been considered:






Age of passing driver (18 to 35, 36 to 45, 46 to 70 years old)
Gender of passing driver (male/female)
Impatience: modeled by estimated delay (0 to 5 s, 5 to 10 s, above
10 s)
Time between the end of the maneuver and the crossing with the
next opposing vehicle (t2) (0 to 5 s, 5 to 10 s, above 10 s, no
opposing vehicle visible)
Road segment, representing different design speeds (4 road
segments with design speeds of 80, 90, 100 and 120 km/h)

Other conditions during data collection were: daytime, good weather, traffic
volume around 250 veh/h and cross section of 7 m width with shoulders of
1.5 m.
A multifactor ANOVA was carried out for each dependent variable. Results of
analysis are presented in Table 1. No interactions have been analyzed.
According to results shown in Figure 3, the influence of an opposing vehicle
was significant, especially when time between the end of a maneuver and
crossing with opposing vehicle (t2) is less than 5 s in comparison to
maneuvers without a visible opposing vehicle.
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Deg. of
Freedom

Mean Square

F-Ratio

P-Value

A:Opposing vehicle

3

8,47

2,46

0,0664

B:Delay

2

2,63

0,76

0,4683

C:Age group

2

9,68

2,81

0,0644

D:Gender

1

10,29

2,99

0,0866

E:Design speed Location

3

22,61

6,57

0,0004

RESIDUAL

110

3,44

TOTAL (CORRECTED)

121

Source
MAIN EFFECTS

9

8,5

8,5

8

8

7,5

7,5

6,5

6

6

Gender

9
8,5

8

8
7,5

6,5

6,5

6

6
45-70

0 - 51

7

35-45

7

> 103

7,5

5 - 102

t1 (s)

8,5

18-35

t1 (s)

9

MaleH

5 - 10 s

Opposing vehicle

vehicle

6,5

No opposing
no opposing
vehicle

7

> 10 s

7

M
Female

t1 (s)

9

0- 5s

t1 (s)

Table 1. Multifactor ANOVA results.

Delay

Age group

Figure 3: Effect of delay, age, gender and proximity of opposing vehicle
on time t1 and speed difference dV
Effect of gender was not statistically significant, although men seemed to
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pass faster than women. Passing time t1 of older drivers was higher than
younger.
Flying maneuvers, which are characterized by short delay (around 0 s) and
no acceleration at the beginning of the maneuver, had lower left lane
occupation time. On the other hand, longer delays were associated with
higher time t1 to complete the maneuver.

5.1.

Comparison with previous research

Results of present study have been compared with previous research.
Results of a driving simulator experiment [2] agreed with observed data, as
they showed that young male drivers usually passed faster and were more
involved in risky situations. Average values of both studies, shown in Table 2,
are very similar.
Average value of t1 (s)

Age

Gender

Present Study

Farah, 2011 [2]

18-35

6,8

7,1

35-45

7,6

45-70

8,1

Male

7,1

7,0

Female

7,9

8,1

7,9

Table 2. Comparison of influence of age and gender on passing time t1.

6.

CONCLUSIONS AND FURTHER RESEARCH

This work has provided data of the influence of passing driver characteristics
and behavior on passing process. Age impact was significant, especially if
younger and older drivers, as well as men and women were compared.
Younger male drivers had a more aggressive behavior, as they pass faster
than other drivers. However, no influence of driver’s impatience was found,
since drivers who suffer longer delays show a more conservative driving.
Although sample size is higher than many other studies; it should be
increased to define a passing gap acceptance model. Its results could
provide criteria to calibrate microsimulation models; to improve existing
criteria and to develop new assistance systems.
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ABSTRACT: Naturalistic driving is an experimentation model that allows us
to recognize the driving modes observing the driver’s behaviour at the wheel
of a set of people in natural conditions during long periods of observation.
For this purpose it requires a comprehensive data collection and
experimental processes with a large number of subjects. This research
methodology aims to increase the representativeness of the data collected in
opposition to data stemming from highly controlled laboratory experiments.
Naturalistic driving research designs produce large volumes of data that are
difficult to handle. Thus, it is very important to work with suitable methods for
representing and interpreting data, allowing us to observe the variability of
the results. The aim of this paper is to implement a new methodology
adapted to the particularities of the naturalistic method that allows us to
retrieve the positioning information through a georreferencing process of the
available data. This method is the first step (preprocessing) to achieve a
more clear and intuitive representation (cartographic representation) using
the Geographic Information Systems (GIS).
A naturalistic experiment carried out by INTRAS in 2010 portrayed the
characteristics mentioned above. In this case, unfortunately, position
information of the vehicle was not correctly registered. Consequently, it was
decided to develop a georeferencing method based on the available
information. Thus, a semi-automatic process/procedure using the software
ArcGIS from ESRI was implemented. The video captured during the
experimental process and some of the parameters of the collected data too,
such as distance and speed, provided decisive information for the
georeferencing of information.
In short, the procedure consisted in establishing a common stretch of roadunder, determined by a start and end points to be fixed as accurately as
possible by means of video images. The implemented method allows us to
georeference the points with a temporal resolution of one second, time with
which Distance parameter is collected.
To implement our method we rely on a set of not-real assumptions, but
necessary in a semi-automatic process of huge amounts of information. One
of these assumptions is the delimitation of a single and common route, which
does not take into account overtakings and lane changes in each of the
trials.
The proposed method has the advantage of achieving optimal results in
spite of the hurdles of the process such as saturation of information and/or
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collapse of the data collection system, poor visibility of the video images due
to slowing down problems and/or inclement weather, noise’s presence, etc.

1.

INTRODUCTION

Naturalistic driving observation is a method by which one can objectively
observe various driver and crash related behaviour. More specifically,
naturalistic driving observation includes objectively and unobtrusively
observing normal drivers in their normal driving context while driving their
own vehicles. Its methodology is based on the control of the whole process
of driving continuously for different subjects. This method allows for
observation of the driver, vehicle, road and traffic environments and
interaction between these factors. Some important studies of this issue can
be found in [3] and [8].
This method could be qualified like a massive and blind method of analysis of
huge amounts of parameters. It is massive because it tries to collect and
parameterize all the aspects that have influence on driving, whereas it is
blind because it has not a specific goal, but it can be used for many different
goals, namely, relative to the vehicle, to the infrastructures and to the driver
[1], [8], [9].
Naturalistic driving is a research method that has two main advantages over
the traditional methods: (1) the experimental process is not conditioned given
that the investigator has a minimal intervention over the test and (2) it allows
the study of a great number of parameters and variables that have (or can
have) influence over the driver´s behaviour. However, this method has also
an amount of drawbacks like requiring heavy resources in terms of samples,
duration, data gathering, data storage, data reduction and analysis.
In Europe, the PROLOGUE project stands for PROmoting real Life
Observation for Gaining Understanding of road user behaviour [7]. The main
objective of PROLOGUE is to demonstrate the usefulness, value and
feasibility of conducting naturalistic driving observation studies in a European
context in order to investigate traffic safety of road users, as well as other
traffic related issues such as eco-driving and traffic flow/traffic management.
In Spain, PROLOGUE was performed by INTRAS (University Research
Institute on Traffic and Road Safety) through a test field performed near the
city of Valencia during the months of June and July of 2010 [11]. For the
performance of this trial, 5 drivers participated for 4 days everyone and for 2
hours every day. In this test, a group of parameters were measured:


Group 1: Dynamics of the car: distances, speed



Group 2: Relation driver-vehicle: steering wheel rotation angle, pedal
positions, gear



Group 3: Comfort parameters: regulation of electric windows, use of
control locking



Group 4: Parameter of
temperature, oil...)

instrument
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Group 5: Environmental parameters: temperatures (outside, inside),
interior noise



Group 6: Data acquisition parameters for the driver: visual behaviour
(driver), additional dashboard



Group 7: Monitoring parameters of experimental events: activation of
experimental stimulus, stimulus buttons

The experience of INTRAS in this trial [11] allows recognizing two limitations
about this trial. On the first hand, it was not a pure trial because the
employed car (named ARGOS) was an experimental car, not the drivers’
own car. It can partially influence in the behaviour of the driver due to this
simple fact and because the driver receives a set of initial instructions before
the test.
Naturalistic driving research designs produce large volumes of data that are
difficult to handle. Thus, it is very important to work with good methods for
representing and interpreting data, allowing you to observe the variability of
the results.
One of the best ways to represent data collected in naturalistic settings is via
cartographic representation. Thus, data can be integrated in a Geographic
Information System (GIS) [2] to geospatially analyze it. For this purpose it is
important to work with accurate georeferencing and coordinate systems,
such as Differential Global Navigation Satellite Systems (DGNSS), which
give us a kinematic (moving vehicles), accurate (in the range of centimetredecimetre) and steady (signal loss) positioning. However, there are certain
moments when positioning may not be recorded, be unreliable or positioning
data may simply not be collected due to information saturation and/or system
failures. Signal loss can often be justified when the satellite signal cannot
reach the receiver as in underpasses, but there can be difficult reception
conditions due to the effect of multipath or other error sources as well.

Fig. 1 Cartographic representation of velocity parameter through
buffer lines
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2.

METHODOLOGY

Although there are cartographic studies focused on the analysis of traffic
data [4]-[6], [10], almost none has focused on the representation of
naturalistic driving data. The experiment carried out by INTRAS in 2010
allowed us to record a large amount of data on different studied variables
(such as speed, acceleration, steering angle, etc.) with a temporal frequency
of 1 cs (10-2 s). However, there was no positioning information, making it
impossible to georeference the available information. For this purpose, it was
then proposed to achieve a method for georeferencing the available data and
that it would solve the problem of positioning in every moment of the track.
Thus, at first, we choose a stretch of road that is common to every
experimental day, which help us to make comparisons between different
days and/or subjects. We select a section of the V-21 highway in both
directions (round trip), of about 16 km long, between the city of Valencia in its
northern boundary and the exit 2 of the highway, near to the town of Puzol.
For the determination of the reference points of our study employ a landmark
clearly visible as a road gantry, an access/exit of the highway, a viaduct
and/or bridge.
Once the road’s stretch has been defined, we digitized the way to obtain a
line that will be the axis over our points will be located. We take the central
axis of the highway as the most accurate approximation to the track followed
during the different days of the experiment. We employ as base map an
orthoimage of the Valencian region of 2008, owned by the ICV (Valencian
Cartographic Institute), in RGB colour system with a spatial resolution of
about 50 cm and defined in the ETRS89 coordinate system, zone 30. On this
orthoimage, we digitized a common trajectory in both senses (round trip)
through the polyline tool of any geoprocessing software. In our case we use
the software ArcGIS Desktop from ESRI, which will allow us to save the file
in a proper format, with the shape extension.
With the road axis, we will put the alphanumeric information over it. Because
this information does not have any positioning data attached, we employ the
image data obtained by recording the video camera system. In theory, to
carry out the experiment, the test car captured video images from several
cameras positioned at different points of view: scene, back, face and two
lateral cameras (SPL-1 and SPL-2). At first, all of them, except the face and
back ones, were valid for our experiment as it was possible to observe, with
a better or worse point of view, the workspace that we were interested in, i.e.,
the track of the highway.
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Fig. 2 Position of the cameras in the experimental car
The use of the cameras with the simultaneous use of a text menu that
represented a number of basic variables such as distance, time, speed and
instant acceleration, allowed us to extract information from any point on the
route. However, due to the fact that the frequency of data collection for some
of these variables was less than the theoretical (1 cs) one, we choose to
implement a specific procedure that allows us to simplify the amount of
information. We will rely on the natural frequency of information captured
from the two basic variables in our procedure: time and distance. Thus, while
time is taken up with a temporal frequency of 1 cs (10-2 s), the distance
variable is recorded every second (1 s).
The combined use of video and distance data, time and some additional
variables (of support) will allow us to determine, with a little margin for error,
the exact point at which the vehicle passed the baseline estimate. Thus, we
delimitate the range of information of our study’s stretch. From the starting
), with
point, a new database is calculated based on distance increments (
a temporal frequency of 1 s. This allows us to simplify the amount of
information in a ratio of 100:1, enabling managing the information in a
considerably faster, more agile and more effective way.
Thus, we obtain a set of points that will be georeferenced over the route layer
drawn in the ArcGis layer through the polyline coincident to the route. The
location shall be decided only on the basis of criteria of distance’s increments
), taking as origin the initial
from a point ( ) from the previous one (
point of reference. The number of points for each day will directly depend on
the everyday vehicle travel time and, consequently, on the traffic events of
that day.
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Fig. 3 Round trip route (left image: direction Valencia-Puzol; central
image: Puzol-Valencia). In the images on the right, georeferenced
points over the way out route
The difference between the lengths of the automatically generated route
(experimental one) with respect to our digitized route (theoretical route) is the
estimation error (offset). The amount of errors will be due to various error
sources that will be explained later. The unit of measure of this error will
clearly be in meters and its sign is positive or negative depending on whether
the length derived from field data is higher (negative) or lower (positive) than
the theoretical route obtained in the digitized mapping process.

This estimation error can be calculated in percent with respect to the total
length of the route, obtaining the “%error”:

The results obtained for the different days of the experiment are shown in the
following table:
Study stretch

Day

Day code Points Offset %error Compensation

One way (S-N) 29/06/2010

0838

619 -622,89

-3,93

1,01

One way (S-N) 02/07/2010

0813

580 -181,64

-1,15

0,31

One way (S-N) 19/07/2010

0818

589 -167,19

-1,05

0,28

One way (S-N)

2007/2010

0820

530

22,25

0,14

-0,04

One way (S-N)

2307/2010

0807

639

134,29

0,85

-0,21
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One way (S-N) 08/07/2010

0806

617

154,57

0,98

-0,25

One way (S-N) 16/07/2010

0821

620

165,58

1,04

-0,27

One way (S-N) 14/07/2010

0804

552

201,36

1,27

-0,37

One way (S-N) 13/07/2010

0823

548

260,07

1,64

-0,48

One way (S-N) 22/07/2010

0829

621

303,16

1,91

-0,49

One way (S-N) 09/07/2010

0807

531

483,60

3,05

-0,91

One way (S-N) 30/06/2010

0832

598

623,06

3,93

-1,04

One way (S-N) 12/07/2010

0844

533

671,55

4,24

-1,26

One way (S-N) 06/07/2010

0839

580

682,50

4,31

-1,18

One way (S-N) 21/07/2010

0811

649

763,05

4,81

-1,18

Return (N-S)

23/07/2010

0807

782 -662,21

-4,15

0,85

Return (N-S)

21/07/2010

0811

937 -534,53

-3,35

0,57

Return (N-S)

20/07/2010

0820

710 -219,09

-1,37

0,31

Return (N-S)

02/07/2010

0813

646

11,08

0,07

-0,02

Return (N-S)

22/07/2010

0829

1.068

43,27

0,27

-0,04

Return (N-S)

01/07/2010

0805

684

48,63

0,30

-0,07

Return (N-S)

29/06/2010

0838

652

190,63

1,20

-0,29

Return (N-S)

26/07/2010

0809

1.393

237,05

1,49

-0,17

Return (N-S)

19/07/2010

0818

1.316

374,22

2,35

-0,28

Return (N-S)

15/07/2010

0809

1.001

679,26

4,26

-0,68

Return (N-S)

06/07/2010

0839

799

684,14

4,29

-0,86

Return (N-S)

08/07/2010

0806

991

722,12

4,53

-0,73

Table 1 Results obtained in our experimentation procedure
The errors are lower than
of the route length, half of them below
.Taking into account the errors obtained initially, a method has been
implemented to interpolate the value of offset distance between the set of all
points in an equitable manner, thereby obtaining a compensation parameter
for each of the points (m/point). This parameter is obtained from the error of
estimation, but also inversely depends on the number of points used or,
which is the same, the travel time spent by the subject (see Table 1). With
this parameter we force our route points (experimental route) to be spatially
coincident with our theoretical route. In the next figure, we relate data from
relative error of the offset distance (X-axis) and compensation in meters for
each point (Y-axis) for every trial day.
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Fig. 4 Relation between relative error (X-axis) and compensation
parameters (Y-axis) for the way out (left image) and return trip (right
image)

2.1. Error sources
Our methodology work is based on a number of not-real assumptions, but
necessary in a semi-automatic process of large volumes of information. This
introduces a number of inaccuracies derived from different error sources.
Among these error sources we highlight the next ones:








3.

The delimitation of a single common route that passes through the
centre of the way. This route does not take into account the
variability of movement of the driver (overtaking, changes of position
and lane), which leads to irretrievable loss of accuracy.
Problems in the determination of the reference points of the study
stretch due to the problems of saturation and collapse information
from the data registration system, poor visibility of video because of
the problems of image slowdown and/or inclement weather, the
presence of noise, etc.
The time offset between the time of capture of the orthoimage (2008)
and the moment in which the experiment was performed (2010).
Thus, for this time offset there were changes in the design of the
road (under construction, remodellings or renovations, etc.), that vary
from the estimated theoretical route.
The introduction of the operator error at the time of acquisition of the
reference points, motivated by subjective criteria and precision
variables when determining the precise moment that such points
should be taken.

CONCLUSIONS

The naturalistic driving observation is an experimental method with a great
potential in road safety. Its own methodology generates large amounts of
information to help addressing the phenomenon of driving behaviour from
different points of view.
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One of the best ways to show the information provided by naturalistic
observation is the cartographic representation. This requires positioning
information on each captured point. However, because of the long exposure
of this kind of experimentation combined with the inherent errors in satellite
positioning systems, this often implies not to have any information relative to
the positioning.
In this paper, we have proposed an innovative method for retrieving
positioning information in a naturalistic driving experiment, where the
inherent characteristics in this method require devising an automated
procedure. The exposed method has the advantage to be
entirely innovative and automatic. This allows us to estimate the positioning
of large volumes of data quickly and with a high level of accuracy. The
obtained results are optimal, as in approximately 50% of the cases the
of the route length.
positioning error was lower than

4.
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ABSTRACT: EXCROSS is a European support action aiming to enhance
crossfertilization and synergies between research initiatives dealing with
safety in the different transport modes (e.g. road transportation, aviation,
Maritime, rail), reducing the fragmentation that exists in Europe between
these initiatives. This paper presents the relevant work performed for the
identification of the road safety principles, their applicability in other transport
modes, as well as the results of the road session of the Workshop on safety
principles, were the main issues to be further investigated and optimized
have been discussed and depicted.

1.

INTRODUCTION

1.1. Project Overview
EXCROSS is a European support action launched in November 2011, aiming
to enhance cross-fertilization and synergies between research initiatives
dealing with safety in the different transport modes (e.g. road transportation,
aviation, maritime, rail), reducing the fragmentation that exists in Europe
between these initiatives. In particular, its objectives include: a) identification
of synergies and opportunities for cross fertilization between different
transport modes; b) identification of potential cross cutting researches
between different transport modes, strategic research domains where the
research efforts need to be emphasized to exploit synergies, remove
discrepancies and address research gaps; c) establishment of a
collaboration on this subject with organisations from other technologically
advanced countries and with regulator and safety agencies; and d)
dissemination of results to all the potential stakeholders.
For achieving the project objectives it is a prerequisite to ensure a common
understanding of safety aspects between the different transport modes.
Different transport modes have different functionalities, different
organizations, operators, use different stations and vehicles and many more.
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And this leads also to a different attitude to and different importance of safety
aspects in the different modes. Each mode has its specific aspects which are
addressed and which stay in the main focus. Thus it is not always clear for
the experts of one mode, which are the important and specific safety aspects
of the other modes.
As result a common understanding on safety aspects between the different
transport modes has been identified an the main safety issues and best
practices for each transport mode as well as their applicability in other
transport modes have been reported.

1.2. Methodology
The methodology towards identifying the safety principles for each transport
mode and the relevant corss-fertilisation and applicability, followed a fourstep
process:
o

Identification and compilation of the safety aspects of every mode by
the experts of this mode;

o

Discussion and further elaboration of these collections with experts
to develop an advanced compilation of the mode-specific safety
issues;

o

Mutual Information of the modes about the safety aspects of the
specific mode;

o

Discussion of different focus and views on safety aspects which the
different modes have with experts of the different modes as well as
with external experts.

As result a common understanding on safety aspects between the different
transport modes was achieved. Based on this, the similarities and differences
of the safety aspects of the modes can be described aiming at the
identification of possible hints for cross-fertilisation, common issues etc. The
relevant work was based on two specific sets describing safety aspects,
which have been selected for further investigation: Safety Principles and
Safety Issues.
Safety Principles: A Principle is understood as a convention or policy which
should be achieved as far as possible. Thus safety principles of a mode are
the conventions or policies the actors of this mode have identified to ensure a
high degree of safety.
Safety Issues: “Safety Issues” are defined as those safety aspects where
major problems exist (main reasons for accidents/incidents) respectively
where the need to relief is high. Furthermore for the safety issues possible
solutions will be regarded according the time: existing solutions, emerging
solutions (pilots/prototypes) and future solutions (in discussion, planning).
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Figure 1: Safety issues and solutions

The relevant results of this work were presented in a dedicated workshop
with invited steering group experts were a thorough discussion and
brainstorming session was held related to the gaps, optimization and
crossfertilisation aspects for each mode in relation to the other three.

2.

ROAD SAFETY PRINCIPLES

2.1. Overview
2.1.1.

Functionality of roads

A sustainably safe road network has a functional layout, based on three main
road types. The two most 'extreme' types are, respectively, main roads, for
traffic dispersion, and access roads, for access to the destination. The third
type, the distributor roads, forms a link between the other two types, both
literally and figuratively.
2.1.2.

Traffic homogeneity

Sustainable Safety aims at homogeneity in mass, speed, and direction. This
means that vehicles with large differences in mass, speed, and direction
must be physically separated from each other. For example, cars and
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vulnerable road users are incompatible, and so are lorries and other vehicles,
or motor vehicles driving in opposite directions. Conflicts between these
vehicle types will almost inevitably have a severe outcome. With separate
infrastructures or dual carriageways this type of conflict can be prevented.
Where physical separation is not possible, for example at grade level
junctions, the speed must be reduced. It should be sufficiently low that all
possible conflicts will end relatively safely, i.e. without any severe
consequences. Measures that can be used here are lowering of the speed
limit and speed reduction, for instance by constructing roundabouts or raised
junctions and raised pedestrian crossings.
2.1.3.

Recognisability and predictability

Road users should know which driving behaviour is expected of them and
what they can expect from others. In a sustainably safe traffic system, road
users should 'automatically' drive as is to be expected. Generally, people
make fewer mistakes when engaging in automatic behaviour, than while
driving using reasoned actions.
The desired driving behaviour can only be incited with a uniform road design
which is well tuned to it. Drivers need to recognize the road type and
automatically behave accordingly. This must be the case for the entire road
network: not only the other road users' driving behaviour should be
predictable, but the road course as well.
Roads should be designed and constructed to evoke correct expectations
from road users and elicit proper driving behavior, thereby reducing the
probability of driver errors and enhancing driving comfort.
2.1.4.

Error forgivingness

Forgivingness in the physical sense means that the road design ensures that
the outcome of any possible driver’s error or crashes is as favourable as
possible. A vehicle that goes off the road should not hit any obstacles or fixed
objects, because this can result in severe injury. The vehicle itself should
offer protection to both its occupants and to the collision opponent.
Forgivingness in Sustainable Safety also has a social meaning. Through
anticipatory behaviour, the more competent road users should provide more
space for the less competent road users. This will prevent errors made by the
latter group being 'punished' with a collision.
2.1.5.

State awareness

State awareness refers to the road user's capacity, or the opportunity, to
correctly judge own fitness to drive. This means that he must know which
skills he possesses and whether they are sufficient to drive safely. But road
users should also be capable of knowing if they are, temporarily, unfit to drive
due to alcohol, stress, or fatigue.
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2.2. Road Safety Principles and cross-fertilisation with
other transport modes
The following table provides the work performed based on the available
literature data on the road safety principles and their potential applicability to
other transport modes, that was furthermore the basis of the discussion
points held on the Workshop with experts on cross-fertilisation issues on
safety.
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3.

WORKSHOP ON SAFETY PRINCIPLES

On February 2012, a dedicated workshop was held in Hamburg. The main
objective of the workshop was to discuss, further elaborate and validate the
early findings of the project partners on safety principles and safety issues
with experts of the different modes (steering group).
The objectives of the workshop included:
o

Develop a common understanding of the safety principles

o

Appoint the level of detail for the principles

o

Identify the major differences and similarities between the transport
modes

o

Adapt the list of safety principles worked out by the consortium

o

Identify principles which have a cross mode relevance

o

Develop a common understanding and definition of the safety issues

o

The main focus was to take into account the know-how, ideas and
proposals of the group of mode experts which participated in the
workshop.

To achieve the aims of the workshop the following steps were carried
out:
o

For every mode a comprehensive presentation on the safety
principles, their importance and possible importance in other modes
was given as starting point.

o

After each presentation a discussion started and valuable comments,
proposals and amendments were given by the audience and used to
improve the draft list of the safety principles.
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o

In the afternoon working groups were formed consisting of project
partners and experts from different domains. A moderator and a
keeper of the minutes were appointed.

Each cross-domain working group discussed the safety principles of one
domain, whereas every participant should bring in his mode-specific
knowhow and comments. To ensure efficient work and comparable results a
predefined list of questions was produced before the workshop. Each
working group discussed and agreed on answers to these questions. The list
consists of the following questions:
1. For the Steering Group Members: Can you comment on the safety
principles identified by Excross? Is anything relevant missing?
2. Which degree of detail would be feasible for safety principles to be
assessed; more general principles or specific/detailed principles?
3. Which are the major differences/similarities among the transport modes?
4. Can you provide an explanation for some of the differences?
5. Do you think some of these differences have an impact on the overall level
of safety?
6. Why? In other words: if every transport mode is safe, why are the safety
principles and practices so different?
7. Which are the main safety issues of the transport modes you are
analysing?
8. What can your transport domain learn from the other transport modes?
9. Which factors can facilitate the cross fertilization?
10. Which factors can hamper the cross fertilization?
Each group produced a presentation of the findings and results which were
presented afterwards for mutual information and discussion.

4.

CONCLUSIONS & DISCUSSION POINTS

The discussion and brainstorming sessions of the workshop provided
valuable results for the continuation of the project work. The main
conclusions are presented hereafter.

4.1. Degree of Details of the safety principles
The degree of details of the safety principles was discussed. For some areas
quite general principles exist, whereas for other areas they are very detailed
(i.e. towards a detailed description what exactly to do). The discussion in the
working groups came to the conclusion that generally a more general level
should be chosen, but a more detailed level for those areas where similarities
with other transport modes are identified.
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4.2. Main Differences between the transport modes
Road traffic generally is more complex than the other modes. Individual
transport plays a major role but also public transport is of importance.
Individual transport plays only a marginal role in aviation and water and does
practically not exist in rail. Road traffic has more private (unprofessional and
Not well trained) driver than in the other modes. There is more low-cost
equipment for road traffic than in the other modes. In rail, aviation and
maritime regulations by law play an important role. Important central
agencies (in particular for rail and aviation) exist. In the maritime sector
environmental protection, protection of the vehicle (vessel) is more important
than in the other modes. In the other modes the protection of the vehicle
does not play an important role as such. It is only of importance to ensure the
safety of the driver and passengers.
In the maritime sector in the public opinion there is difference between safety
of passengers and the crew of a cargo ship. The safety of passengers seems
to be seen as more valuable as of those who are carrying out their job. Also
sometimes the risks for the environment partly are seen as a bigger problem
than safety of the crew.
In the maritime sector freight transport has a considerably higher share than
in the other modes.

4.3. Factors that can facilitate the cross fertilization
Factors which might facilitate the cross fertilization are new sensors (e.g.
camera / radar) which might be applied in different fields and modes, the
principle of driving (e.g. x by wire), assistance systems and active safety,
human factors and industries which are producing components which can be
used in different domains.

4.4. Factors that might hamper the cross-fertilisation
As factors which might hamper the crossfertilisation the in particular different
actors, industries, authorities and suppliers for the different modes have been
identified. Furthermore the different safety culture which the different modes
might have has been identified.
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