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Abstract

As active safety systems installed in vehicles become more common and more sophisticated, a
concise method of testing them in conditions as close to real risk situations as possible becomes
necessary. This study looks at the possibilities of developing use cases, using video recordings
of real risk situations, obtained through naturalistic driving studies. The concept of conflicts
is explored as a substitute to actual accidents. A method of finding conflicts in a large data
material from looking at the acceleration signal and its derivative, referred to as jerk is also
sought. These possibilities are tried on material from a previously conducted naturalistic driv-
ing study. The results are an improvement in the ability to find conflict situations automatically,
and a suggestion to how use cases can be produced from video recordings of conflicts obtained
through naturalistic driving studies. The DREAM framework is used and modified in order to
aid with data collection and interpretation.
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1 Introduction

Traffic safety is an area where a large amount of research is done and a lot of resources are
spent. The reason for this is that traffic accidents is one of the largest costs to society in both
health and monetary terms. Only in Sweden, there are about 400 fatalities in traffic per year,
with a large number of severe injuries in addition to that (Vägverket, 2009b). Even though
advances in technology and education has brought the number down, it is still a huge problem,
and as the number of cars on the roads keeps increasing worldwide, there is a risk that the
downwards slide in accident rate will be halted or slowed down.

A lot of expectations are put into a fairly new development in traffic safety, often referred to as
active safety systems. Active safety systems means technological aids, often installed inside of
cars, that in different ways help to prevent accidents, for instance through warning the driver
of potential danger or even take control of the vehicle in order to handle a risky situation. This
is in contrast to the much older concept of passive safety, which refers to measures designed
to lessen the amount of damage in the event of an accident. The seat belt and child seats are
common examples of passive safety measures.

While there is a lot of experience with testing passive safety, active safety has not yet reached
the same standards, as it is a rather new area. As active safety systems often deal with cognitive
and behavioral functions rather than physics, it is also a lot less straightforward how they can
and should be tested. It is not simply a matter of making sure they work as designed, i.e. activate
their function at the moments they are designed to, but designers also have to know how drivers
will react to the systems, how well they accept their functions, and how it interferes with and
affects their regular driving routines.

One way of testing active safety systems is through use cases, referred to here as prototypical
scenarios. This means testing the system on situations known to cause the problems that the
system is designed to alleviate (e.g. Ljung Aust, 2009). How these situations are defined can
vary, but factors usually include traffic topology, environmental factors such as lighting or road
conditions, drivers’ mental states and so on. To design such test situations however, there has to
be good knowledge of what types of situations are risky, and what factors usually are involved
in these. In this report, a method to aid such design will be proposed.

Traditionally, accidents are studied in order to gain more knowledge about traffic safety. This
is natural, as accidents are what is sought to be prevented. However, accidents are actually
comparatively rare in relation to the amount of driving undertaken every day. Their numbers
only reach significant and problematic numbers since there are so many people on the roads
every day and hour. This fact means that it is also hard to obtain a large enough sample of
accidents to analyze, especially if it needs to be narrowed down to a specific geographic location
or a smaller population group.

A suggested surrogate measure to accidents are conflicts (Hydén, 1987). A conflict can be
defined as a situation which could have led to an accident but did not, through the intervention
of drivers such as evasive maneuvers or otherwise. A more objective and precise definition of
what constitutes a conflict situation is however a lot harder to provide, and will be discussed in
detail further on. Studying and analyzing conflicts will mean a lot more data, which increases
the possibility of drawing more general conclusions.
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There is the possibility that a lot can be learned about accidents from looking at conflicts. This
is since both represent a breakdown in control and a risky situation, stemming from one or
more factors. In conflict situations, a successful evasive maneuver is undertaken or the danger
is averted in other ways, but the turn of events leading up to the situation are still undesirable.
Studying near-misses for safety purposes also has a long tradition in other domains, such as
industry or aviation, but it has so far not been as common in the traffic domain.

Conflicts, unlike accidents, are almost never reported, no investigations will be undertaken,
which means there will be no data to study. One method which has been used is having
observers watching traffic, typically in intersections, and noting the conflicts happening (e.g.
Hydén, 1987). This method has a few drawbacks, however. It is fairly time consuming, and
perhaps more important, it is not applicable in all locations, since there is no way of having ob-
servers study a highway for instance. There is also a lack of detailed data about the event such
as what the drivers were doing or even who they were, making this methodology less suited for
more in-depth studies.

One solution to the problem of collecting conflicts to study is a fairly recent development in
traffic safety studies called naturalistic driving studies. In a naturalistic driving study, a number
of cars are fitted with a variety of measuring equipment and video cameras, and are then used
as normal by the participating drivers. This also means that any conflict or accident happening
involving these cars during this period will be captured on video.

It is however not as easy as it may sound, as these types of studies collect huge amounts of
data, and finding the relevant parts in that data is a great challenge. As doing this manually is
impossible due to the shear amount, a way of finding these situations automatically will have to
be developed. As a lot of kinematic and sensor data is collected alongside the video, it makes
sense to use this in order to find critical situations.

One way of finding conflict situations that has shown promise is to try to locate sharp and
sudden brakes in the data (van der Horst, 1990; Nygård, 1999). The numbers vary, but most
studies tend to place the number of conflicts where braking is the evasive maneuver at around
73-95% (for instance 93% in Hydén, 1987 and 73% in Hantula, 1994). This would mean that if
a way can be developed to distinguish brakes in conflicts from regular brakes, the vast majority
of conflicts in the material could be found automatically.

While looking at the deceleration value for this would seem natural, several studies have found
that the deceleration forces in conflict situations and in planned but heavy brakes are too similar
to be distinguished from each other (van der Horst, 1990; Nygård, 1999). A method that shows
some promise is to look at jerks in addition to deceleration. Jerk is measured through the
derivative of acceleration, and thus measures how rapid it changes. One study found a clear
difference between conflicts and planned brakes in terms of jerk value (Nygård, 1999).

In the present study, the possibilities of using data on conflict situations obtained through nat-
uralistic driving studies will be explored. The focus will be on a methodology for creating
prototype situations for use in testing active safety systems. To be able to do this, some prob-
lems will have to be solved and some methodological choices will have to be made. A method
will have to be developed in order to find conflict situations from naturalistic driving study ma-
terial, and another for analyzing and interpreting them, in order for the prototypical situations
to be as based in reality and as useful as possible.
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Material from the SeMiFOT (Sweden Michigan Naturalistic Field Operational Test) naturalistic
driving study (SeMiFOT, 2009) consisting of around 4000 hours of video recorded from 10
private cars and 4 trucks will be used in this study in order to develop these methodologies.
The study will be limited to the private cars, as trucks and buses are believed to have somewhat
different characteristics, both physical and in terms of demands for active safety systems.

The DREAM (Driving Reliability and Error Analysis Model; Wallén Warner et al., 2008b)
framework will be used in analyzing the conflict situations. As DREAM’s original intent and
purpose is somewhat different than the one in this study, some modifications will be made to it
in order to better fit the goals and constraints.

The aims of this study are:

• To develop a method for finding conflicts in naturalistic driving study data. It is believed
that measuring jerks and using these as a criterion in order to find abrupt brakes will
help in distinguishing conflict situations from normal driving through automatic data
processing.

• To develop a method for creating prototype situations for testing active safety systems
from conflicts found through naturalistic driving studies. This means identifying the
strengths and weaknesses in the type of data available, and to determine a way of ana-
lyzing this information in a consistent and relevant manner. In order to achieve this, the
DREAM framework will be adapted for this purpose. The resulting methodology will be
referred to as DREAM-N.

The study is meant to describe the entire process from naturalistic driving data to creating
use cases for testing active safety systems. Both points listed above are crucial to accomplish
this, as it is important that conflict situations can be found in the data in order to have enough
material to analyze, and likewise it is important that a concise method exists to make use of
the relevant data once it is found. Therefore both parts will be described in this study, and a
complete methodology will be proposed. Due to this wide scope, the study will mostly focus
on the bigger picture rather than go into the very fine details.

It is believed that such methods as described in the aims, if they are well suited for their purpose,
would aid in the advancement of active safety through providing more knowledge about real
world risk situations in traffic, and presenting it in a format that can easily be used to aid the
development of tests for these systems.
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2 Background

In this section, the theoretical background to various areas will be presented. Each section will
also have a discussion on how it relates to the goals of this study. The areas to be presented are
the following:

• The concept of conflicts is described, and the motivation for studying them as a surrogate
to accidents is explained. The challenges in finding conflicts in a large data set and the
concept of jerk is also described

• The theory around accidents and accident models is presented, along with a description
of preventive measures in the traffic domain

• The problems and questions regarding providing a definition of conflicts are detailed, and
a suggestion for a definition fit for this study is proposed

• Naturalistic driving studies are explained, and the strengths and weaknesses of the data
they can provide is discussed

• The prototypical scenario concept is described, and a motivation for developing a method-
ology such as in this study is discussed

• The accident and risk analysis model DREAM is presented, with a description of how it
is used and a discussion on what modifications would need to be made to fit the purposes
of this study
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2.1 Conflicts & Jerks

A common problem when studying risk and safety in traffic is the focus on studying and an-
alyzing accidents. Although there is a lot of information to gain from these studies, there are
also several problems associated with this focus. Amongst these is the low frequency of ac-
cidents, leading to comparatively little material to study. For instance, there is often too little
data available when conducting studies on the possible effect of safety improving measures to
be able to make reliable calculations on the effect of the measure (Hydén, 1987).

There is also the risk of making errors due to regression to the mean, for instance when the
number of accidents in intersections is a lot higher or lower than the true average from pure
chance. Later measurements will then have a high probability of showing a number a lot closer
to the average, and thus there is a risk of drawing the wrong conclusions about for instance the
efficacy of a measure, or a clear raise in the number of accidents (Hydén, 1987).

An additional problem related to only studying accidents is that a lot of the time the only avail-
able information about the event is what can be gathered from an accident scene investigation.
This information is most of the time not complete, and is only based on the reports of un-
prepared eye witnesses, police reports and physical examination of the scene of the accident.
Many less severe accidents are also never reported, as they never become police matters, and
even when they are, the information about the accident is often focused on assigning responsi-
bility. The situation for accidents reported to insurance companies is similar.

Since accidents are so comparatively rare, it would take up way too many resources, especially
time, to be able to catch a decent amount of accidents in situ. For instance, an average driver
is expected to be involved in an accident once per 7.5 years, or per 150 000 km (Häkkinen and
Luoma, 1991, quoted in Hydén, 1987). It is easy to see that the amount of data that would need
to be gathered would quickly become unmanageable, and with a smaller amount of accidents
collected, there is a large risk that the data is not representative for accidents in general.

Instead, Christer Hydén proposes in his doctoral thesis (1987) that traffic conflicts can be used
as an indirect indicator or a surrogate measure for accidents, and that the measuring and study-
ing of them can be used to learn more about accidents as well. A conflict is defined as follows:

”A traffic conflict is an observable situation in which two or more road users ap-
proach each other in space and time to such an extent that there is a risk of collision
if their movements remain unchanged” (Hydén, 1987)

It is assumed that conflicts share the characteristics found in accidents, and that the major
difference is in the outcome which is depending on how early an evasive maneuver can be
taken (Hydén, 1987; Svensson, 1998).

Automatic identification of conflicts

When studying conflicts, there is a significantly higher frequency of interesting analyzable
events than when only focusing on accidents, but conflicts are still not nearly frequent enough
to be easily extracted from other non-relevant data (e.g. in video recordings from naturalistic
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driving studies). An average driver is estimated to be involved in “near-accidents” once per
month or per 2000 km (Häkkinen and Luoma, 1991, quoted in Hydén, 1987). Thus, an auto-
mated method is needed to be able to identify and extract conflicts, from a large amount of data
for further studying.

It is convenient to use speed data for this automated analysis, as it is relatively easy to collect.
However, simply speed over time does not provide especially useful information, but needs
to be processed further. In a Swedish study where conflicts were studied in intersections in
Malmö, braking was used as an evasive maneuver, either as the sole evasive action or in com-
bination with swerving, in 93% of the cases (evasive maneuver in the other 7% was either
swerving only or accelerating) (Hydén, 1987). Likewise, a Finnish study found braking to be
the evasive maneuver in 73% of the cases in a study on highways (Hantula, 1994). Thus, it
seems reasonable to assume that the major part of conflict situations can be found by identi-
fying these evasive brakes. However, the challenge lies in being able to distinguish between
braking as an evasive maneuver, and braking in “normal” situations such as parking or traffic
lights.

A possible method for identifying conflicts from the speed profile is looking at the acceleration
profile. Several studies have shown that deceleration while braking in conflicts and accidents
tend to be higher than when braking normally (e.g. van der Horst, 1990; Nygård, 1999). The
link is however far from perfect, partly because powerful but planned brakings can sometimes
generate as high deceleration as braking in conflicts, and partly because deceleration while
braking can vary a lot in different drivers and with different styles of driving (Nygård, 1999).

A development of the method of looking at the acceleration profile is to instead measure jerks,
which are defined as the rate of change in acceleration (first derivative of acceleration or second
derivative of speed). Nygård (1999) found that in serious conflicts, there was a significant
increase in the power of jerks. No instance of normal braking reached the same jerk power as
was measured in serious conflicts (the smallest jerk in a serious conflict was -9.9 m/s3, while
the average was -12.4 m/s3; the maximum jerk measured when braking normally was -8.0 m/s3,
while the average was -3.2 m/s3). This indicates that the measuring of jerks is a useful method
for identifying conflicts through speed data.
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2.2 Traffic accidents

The two main questions of interest for anyone studying traffic safety are: what causes accidents
and, subsequently; how can they be prevented. These questions have kept a lot of people busy
for almost as long as there has been traffic, and have been tackled from a variety of reference
points, academic or otherwise, such as engineering, psychology or cognitive science. Despite
this, it should be obvious to anyone that there is still a lot of work to do, as accidents still
happen, and claim many lives and cause lots of injuries and property damage every year. For
instance, according to official statistics, in 2008 in Sweden there were 18 462 reported accidents
with injuries or worse as the outcome, causing the death of 397 people and the severe injury
of 3657 (Vägverket, 2009b). For reasons discussed in section 2.1, statistics on less severe
accidents tend to be underreported, and the real numbers are therefore assumed to be a lot
higher.

Accident models

How traffic accidents and accidents in general have been examined and analyzed has varied a
lot as new research paradigms and methodologies have arrived. These usually take the form
of accident models and are meant to help researchers and investigators determine the causes
of, and the processes leading to the accident. Hollnagel (2002) argues that these models are
not only symptomatic of the underlying theories of accidents they are based on, but will also
strongly influence the analysis and what is determined to be the causation for a given accident
(for a more in depth comparison of actual practices amongst different investigators in Scandi-
navia, see Lundberg et al., 2009). Hollnagel (2002) presents three different types of accident
models, with different underlying assumptions about accidents and what causes them.

Sequential accident models describe accidents as being caused by a series of events ordered
temporally with one event following another eventually leading to the accident. These models
do not necessarily consist of a straight line of single events leading to single events but are
often modeled in tree form or other similar hierarchal shapes with several events or conditions
contributing to the next event in the sequence.

Epidemiological accident models use the spread of diseases as an analogy to explain accidents.
In order for a host (a system) to be infected (risk an accident), there has to be a combination
of factors appearing at the same time, some latent within and some just appearing (viruses and
weakened immune systems or i.e. unsafe acts and system weaknesses). Thus accidents are
described as the interaction and unfortunate combination of several independent factors rather
than a series of interconnected events happening in a defined order.

Systemic accident models describe accidents as arising from as a normal or natural feature of
complex systems. Using a systematic accident model is generally not a search for erroneous
actions or the mechanisms causing a certain failure, but seeks instead to model the system in
terms of functions performed and their interactions and normal variance. Certain models also
assume that accidents can happen in the absence of any error, but rather as a result of variability
of normal functions (see e.g. Hollnagel, 2008)
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Human error

Indeed, the term “error” is problematic in several ways. Perhaps the most important problem
with the term is that it is a judgment in hindsight (Hollnagel, 2002; Hollnagel and Amalberti,
2001). A certain action might not be seen as an error until it leads to an accident, and even
then it might only be considered erroneous because it evidently was performed right before the
accident happened. Classifying an accident as happening due to “human error” is adequate for
placing blame but less than helpful for explaining why the accident could happen and what
should be done to prevent it from happening again.

Practice has also shown that people seldom act accordingly to the manual or sometimes even the
rules when performing tasks, simply because the complexities of modern systems do not easily
allow for simple procedures as can be described in a manual or a rule book (Hollnagel and
Amalberti, 2001). This is not some undesirable noise in what should be a smooth process, but
rather this human adaptability is the very presupposition for the existence of modern complex
systems (Rasmussen, 1990).

Traffic safety

The traffic domain is similar to other potentially risky domains such as aviation or nuclear
power in that traffic is an extremely complex system with constant interactions and couplings
between humans, technology and organization, and many of the challenges for improving safety
are more or less the same as found elsewhere. A difference lies in the fact that traffic consists
of lots of individual actors each working towards their own goal, and yet they have to cooperate
and interact with the other actors in the system for it to work at all. This leads to a high degree
of unpredictability, making the identification of the correct measures to increase safety a real
challenge.

Another difference between traffic and for instance aviation is the scope of accidents. An
aviation accident is usually a huge disaster with possibly hundreds of fatalities. In comparison,
traffic accidents tend to involve comparatively few deaths. Looking at statistics for 2008 in
Sweden, there were 355 traffic accidents with fatal outcome, and 397 total deaths (Vägverket,
2009b). Yet, traffic accidents are far more frequent than aviation accidents, and getting inside
a car is believed to be more risky than boarding an airplane (Sivak et al., 1990). It might not be
unreasonable to suggest that this difference in accident scope might have influenced the attitude
to safety in the different domains.

Safety measures

There are three main factors at work in the traffic system; the humans driving the vehicles,
the vehicles themselves, and the organization, that is, the roads and everything associated with
them such as physical features, speed limits, signs and other rules and regulations. Although
these should absolutely not be understood or analyzed as entities independent from each other,
it might still be worthwhile to look at the role of each in creating safety.
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On the driver side, safety improving measures tend to promote awareness and to alter behav-
ior. Typical such measures include anti-drinking-and-driving campaigns, whether through the
means of raising awareness or through tough laws and frequent police controls, and promoting
seat belt usage. There has also been a lot of interest in creating profiles of risk-proneness and
to try to see if any factors, such as for instance gender, age or different measures of personality
influence driver behavior and safety (see for instance Åberg and Rimmö, 1998).

Improvements to safety through technological means have been made for a very long time.
An early example of this is the safety belt, estimated to reduce the chance of a fatal injury in
an accident by 50-70% (Vägverket, 2009a). Other technological safety improvements include
airbags, crumple zones and safety glass in windshields. What all of these features have in
common is that they are all passive safety measures. That is, they are intended to lessen the
risk of severe injury or death in case of an accident. They do nothing, however, to prevent the
accident itself to happen.

A newer development in safety through technology, made possible by advances in computer
systems and electronics, is active safety measures. These actively help the prevention of acci-
dents whether through for instance warning of danger or automatically taking control of vehicle
features in dangerous situations. Some systems, such as collision warning, do nothing to pre-
vent accidents themselves, but instead seek to alert the driver so he/she can take the appropriate
preventive measures before it is too late to avoid a crash. They are therefore not purely techno-
logical improvements, but are rather aids to improve the driver.

On the side of organization, safety improvement can consist in altering the physical environ-
ment to facilitate safer driving, such as for instance making sure visibility is good in crossings,
and putting up guard rails between opposing lanes. It can also consist of attempts to regulate
the traffic flow in a way that is deemed safer, through speed limits and other signage amongst
other things. Other actions can deal with the issue of culture such as influencing how drivers
will behave towards each other, through regulation or through education. It should also be clear
here that, as previously mentioned, the distinction between the factors human, technology and
organization is anything but sharp, and that any meaningful analysis will consider all of them
together.

Conflicts

An interesting question posed by all this is how conflicts might relate to accidents, that is; what
things are similar in conflicts and accidents, and what things are not. In most cases, conflicts
are unexpected, unplanned situations where the normal flow is disrupted. Two things might be
considered when looking at conflicts: what prevented it from becoming an accident, and can
these situations themselves be prevented and is that even a desirable and worthwhile endeavor.

Looking at accidents might tell what could possibly have prevented the accident, which of
course is highly interesting. Looking at conflicts, however, might be able to at least in some
cases give some clues as to what did actually prevent an accident to happen. Thus looking at and
comparing conflicts and accidents in for instance the same stretch of traffic or the same type of
situation could ideally provide some new insights. Indeed, looking at near or potential accidents
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as well as actual ones has a long tradition in other domains where safety has a high priority. One
example is the Aviation Safety Reporting System (ASRS) which documents incidents from the
aviation domain (ASRS, 2010)

Besides the points made above for studying conflicts, the idea of studying safety proactively
rather than reactively might also seem attractive. It would seem like a good idea to prevent
accidents before they happen rather than just preventing them from happening again. It would
also be consistent with political goals of a safe traffic environment such as the Swedish Vision
Zero (Nollvisionen). However, due to the realities of complex systems such as traffic, this
may very well be unrealistic (see for instance Normal Accident Theory in Perrow, 1984). Still,
everything counts, and new insights should always be welcome.
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2.3 Defining conflicts

One of the main challenges when studying conflicts is to provide a clear and preferably unam-
biguous definition of what actually constitutes a conflict. At a first glance, using the description
previously mentioned in section 2.1 might seem sufficient:

”A traffic conflict is an observable situation in which two or more road users ap-
proach each other in space and time to such an extent that there is a risk of collision
if their movements remain unchanged” (Hydén, 1987)

However, this definition leaves a lot of room for different interpretations by investigators and
researchers (Chin and Quek, 1997). For instance, it fails to provide a dividing line between a
serious situation and a non-serious situation. Taken to its extreme, a situation where two cars’
trajectories are such that they will, if unchanged, collide five minutes later will be classified as
a conflict.

To be fair, this might not be an “observable situation”, but it does illustrate the inherent subjec-
tivity of the definition. What constitutes an observable situation will depend on the methods of
observation used, and it would seem that the definition of a conflict situation, or at least a con-
flict situation of sufficient severity to be considered interesting, will depend on the intuition of
the observers. This leads to a serious problem with reliability. It would seem like an objective
measure would be preferable.

Such measurements have indeed been proposed and used. One example is the Swedish Traffic
Conflicts Technique (TCT), which uses two measures to define the severity of a conflict: con-
flicting speed and time to accident (Hydén, 1987; Svensson, 1998; Svensson and Hydén, 2006).
Conflicting speed is the speed of the road user to first take evasive action, measured at the point
the evasion is initiated, while time to accident measures the time until a collision would have
happened had an evasive action not been taken, given unchanged speeds and trajectories, and
is calculated from the start of the evasive maneuver.

These two measurements provide a severity hierarchy of events, where higher speeds will lead
to higher severity for a given time to accident value. This is based on the time that will be
needed to bring the vehicle to a speed sufficiently low so that a collision can be avoided, which
of course will be higher at higher speeds (Hydén, 1987).

Other similar methods include using the minimum time to collision, which like Hydén’s ap-
proach measures the time until an accident would happen given unchanged speed and trajec-
tory, but is measured continuously and uses the lowest value obtained throughout the process.
Gap time is another measurement, using the time between the first and the second road user’s
arrival at the potential collision point. Similarly, post-encroachment time measures the time
between the first vehicle’s departure from the collision point and the second’s entry (Chin and
Quek, 1997).

A problem with all these measures is that it is unclear exactly what constitutes severity and
how it is relevant to accidents. Is it how late the evasive maneuver was taken relative to the
circumstances, or perhaps how serious the avoided accident would have been in terms of e.g.
injury or property damage? There is also the question whether more high severity events would
mean higher risk of accident than the same amount of events of lower severity.
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As Chin and Quek (1997) points out, the proper measure of a conflict and its severity might vary
depending on the type of hazardous situation the study is meant to shed light on. For instance,
for risk situations stemming from excessive braking, severity might be best determined from
the force of deceleration of the car undertaking the evasive maneuver, while for risk situations
concerning the danger of hitting a vehicle suddenly appearing, time to collision/accident might
be a better choice. The purpose of the present study is not, however, to make any claims about
the possible statistical relation between a certain type of conflict or conflicts in a certain loca-
tion, and accident risk. Thus, a definition that can be applied to all potential conflict situations
will be needed.

Conflicts in naturalistic driving studies

Another challenge is the fact that conflict studies tend to concentrate on predetermined stretches
of roads, and therefore use either observers watching the traffic from the side, mounted cameras
monitoring the relevant parts, or both (Chin and Quek, 1997). This makes it possible, given
trained observers and cameras mounted at proper places in proper angles, to estimate vehicle
speeds and distances with relatively high accuracy (Hydén, 1987; Chin and Quek, 1997). This
study however, will utilize video recordings made from inside the car, giving roughly the same
view of the surroundings as the driver’s. This is expected to make the estimations needed for
measures depending on distance such as time to accident/collision or post-encroachment time
harder to make than from the three dimensional view when watching the events where they
happen, or the top down view provided by mounted cameras.

This challenge was tackled in the 100-car naturalistic driving study (Dingus et al., 2006), and
the problems described above were indeed present. The initial partly subjective description of
what was called a near-crash in the study was:

“Any circumstance that requires a rapid, evasive maneuver by the subject vehicle,
or by any other vehicle, pedestrian, cyclist, or animal, to avoid a crash. A rapid,
evasive maneuver is defined as steering, braking, accelerating, or any combination
of control inputs that approaches the limits of the vehicle capabilities. As a guide,
a subject vehicle braking greater than 0.5 g or steering input that results in a lateral
acceleration greater than 0.4 g to avoid a crash, constitutes a rapid maneuver”

The attempts in the study to quantify previously qualitative and subjective measures, using a
variety of sensors and kinetic data, lead to a large number of false positives. The conclusion
was reached that quantitative and qualitative measures depended upon each other and thus both
had to be used to separate events.

Control

The concept of control might be useful in defining conflicts, using the Contextual Control
Model (COCOM) (Hollnagel and Woods, 2005). For a system (in this case, the driver-vehicle
system) to be in control, it has to be able to predict situations and changes and adapt to them
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properly without much disruption to the ongoing activities and goals. Ideally, actions are se-
lected based on both feedback and feedforward (anticipation of future states based on pre-
dictability and planning). The COCOM model describes four modes of control based on the
scope of planning and actions taken, scrambled, opportunistic, tactical, and strategic (Hollnagel
and Woods, 2005).

In the scrambled control mode, actions are taken more or less at random with none or very little
thinking ahead. This mode of control is of course highly undesirable and is often a result of
unfamiliar situations and extreme time pressure.

The opportunistic control mode means that actions are taken as a reaction to the current situ-
ation, often based on experience of the type of situation, but with little planning ahead. This
means actions might be taken which will further reduce control as a result, since the longer
term consequences are not accounted for. As with scrambled control mode, opportunistic con-
trol mode is often a result of time pressure or unexpected state of events, but does not have the
same near-panicky method of decision making.

In the tactical control mode, the situation is often familiar or mostly familiar, and actions are
taken with a certain scope of anticipation of future states of the environment. This is often
based on known procedures or rules. This mode might be divided into two sub-categories;
attended and unattended. These are mostly dependent on how routine the situation is and how
much time is available for decision making.

Strategic control mode is characterized by long term planning and working towards higher
level goals. Situations can be predicted and reacted to with sufficient time to consider the
consequences, both long and short term.

Strategic control mode is considered to be the most desirable both in terms of efficiency and
safety, but in reality might be hard to achieve in many cases, since it requires ample time,
feedback and especially feedforward. Given the unpredictability of traffic, and the inability to
anticipate some events, the task of driving is seldom or never in this control mode. Rather,
driving under normal circumstances is best described as in the tactical control mode, either
unattended, when driving is routine based and there are relatively few actions needed to keep
the task going, or attended, when the situation, while familiar, demands more activity from the
driver, such as heavy traffic.

Time is modeled explicitly in COCOM (Hollnagel and Woods, 2005). It uses the variables TA,
TE, TS and TP to model time in relation to control. TA is the time available to respond to an
event, TE is the time needed to evaluate and understand the situation, TS is the time needed to
select the necessary action and TP is time needed to perform the action. Using these values, TW,
the time window for action execution can be calculated through TA – (TS∪TE) (the union rather
than the sum is used as the processes might overlap). When TW becomes too small, it forces the
operator (driver in this case) to take more drastic and sudden actions, with little or no overhead.
A driver noticing less time available and thus perceive higher risk might strive to for instance
increase TA by lowering the speed (Engström and Hollnagel, 2007). Such adjustments are made
all the time in traffic more or less unconsciously, but sometimes due to traffic’s unpredictable
nature it might not be always be possible or the driver might not be aware of the decreasing
time margins.
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COCOM describes the loss of control as changing from one mode to another where actions are
more reactive than proactive, with less consideration or planning, but rather just focusing on
solving the situation at hand. This downwards slide of control is usually the result of unplanned
and unexpected events, and severe time constraints on handling these and thus regaining con-
trol (small or insufficient TA). A conflict situation can therefore be characterized as the rapid
loss of control, forcing the driver to take immediate action without much planning for the con-
sequences, with the hope of eventually regaining control over the situation. Thus, as has been
done in for instance the Swedish TCT, it makes sense to include an evasive action in the conflict
definition.

Measuring loss of control

Given the focus of rapid evasive action as an indicator of loss of control, if a quantitative
measure is desirable to draw a line of demarcation between conflict and non-conflict, jerk might
be the best option available. Since jerk in principle is a measure of how abrupt a braking action
is taken, it can be supposed that the more forceful jerks are consequences of unplanned rather
than controlled braking. It is not too far a stretch to suggest that the forces associated with
powerful jerks are not something that drivers would normally inflict on themselves had they
felt in control of the situation, as feelings of comfort seem to be one of the motives while
driving (Summala, 2007). Engineers designing public transportation systems generally strive
to keep jerks below 2 m/s3 for passenger comfort (Canudas-de Wit et al., 2005). The findings
of Nygård (1999) would also seem to support this conclusion.

Admittedly, this approach might require a bit of subjective evaluation, since there are a few
occasions where powerful jerks might be registered without being relevant to control and/or
safety. These include gear shift mistakes and engine failure. Therefore, it can not be avoided
that an observer will have to make subjective judgment of candidate situations. Since the def-
inition is based on the driver’s perception of the situation rather than whether or not a crash
would actually have happened in accordance to e.g. the Swedish TCT’s definition, this distinc-
tion is assumed to be easier to make. This might be seen as a weakness, but looking at the
bigger picture, abrupt unplanned actions may very well represent a safety risk unaccounted for
with the Swedish TCT, for instance where a sudden braking leads to a rear-end collision with
the trailing vehicle.
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2.4 Naturalistic driving studies

A naturalistic driving study is a study where vehicles are mounted with different types of
recording equipment, in order to study driving in its natural setting. The drivers of the cars
generally follow their normal daily routines and drive as they usually would, e.g. back and
forth to work, without changing or altering any of their daily life for the purpose of the study.
This allows for unobtrusive gathering of “in the wild” data where the subjects are undisturbed
by researchers, which ideally leads to a higher ecological validity than for instance simulator
based studies, studies on closed off road sections, or studies with pre-determined routes.

A specific type of naturalistic driving studies is field operational tests (FOT). A FOT is a study
under naturalistic circumstances, but with a central variable which is to be studied or evaluated,
such as for instance an active safety system. This normally means that part of the recordings
are done as a baseline condition, e.g. with a tested system turned off or not present, and the
other part(s) with it active (FESTA, 2008). This means a more experimental design than pure
naturalistic driving studies, allowing researchers to introduce an independent variable to be
tested while still keeping high ecological validity. In comparison, pure naturalistic driving
studies might be more useful in studying behavior unaltered by new systems, or to build new
hypotheses about driving behavior.

There exists a slight disagreement about the definitions of the terms naturalistic driving study
and field operational test. For the purpose of this study, a naturalistic driving study is defined
as any study where participants are free to use the car as they normally would and are recorded
undisturbed. This definition also includes field operational tests, which thus are seen as a
subtype of naturalistic driving studies. The handbook for designing FOT studies produced as a
result of the FESTA (Field opErational teSt supporT Action) project (FESTA, 2008), uses the
following definition for FOT studies:

“A study undertaken to evaluate a function, or functions, under normal operat-
ing conditions in environments typically encountered by the host vehicle(s) using
quasi-experimental methods”

This definition will be used in the present study as well.

Naturalistic driving studies can provide different types of data, depending of course on what
measuring instruments are installed in the cars and what is intended to be studied. Typically,
video is recorded from several angles such as the driver’s face and hands, and the front, back and
sides of the car, allowing researchers to see what is happening in the traffic environment around
the car as well as what the driver is doing. Different types of physical data are usually gathered
as well, and can include vehicle speed and longitudinal and lateral acceleration. In addition,
there is the possibility of using GPS to determine the vehicle’s position at any given moment,
registering key presses on devices, or using radar to determine distance to other vehicles in
front or back. These are just some examples, and different measures will be deemed important
and thus collected for different studies.

In addition, the measurements collected can also be processed in order to provide further data
that may be of interest for researchers. For instance, speed might be used in conjunction with
distance to vehicle in front to calculate the time until a collision would happen. Of course the
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video data can also be further analyzed in order to study certain aspects of driver behavior. One
example is the study of driver inattention in crashes or near-crashes conducted as part of the
100-car naturalistic driving study (Klauer et al., 2006).

One of the challenges in naturalistic driving studies is how to extract only the relevant bits
from the massive amount of data gathered. For a sense of the scale such projects can have, the
aforementioned 100-car naturalistic driving study recorded almost 43 000 hours of video and
data for 2 000 000 driven vehicle miles (roughly 3 200 000 kilometers) (Neale et al., 2005).
While the 100-car study is by far the largest performed to date, any naturalistic driving study
will gather a huge amount of data. Indeed the large quantities of data can even be said to be the
point of conducting such studies, as a lot of interesting events do not happen often enough to
be captured in sufficient quantity otherwise. For a sense of what the future might look like, the
planned Strategic Highway Research Program 2 (SHRP 2) is aiming to record 3000 cars for a
two year period (SHRP 2, 2009).

There is of course no way a human being could go through that amount of video material to find
the relevant and interesting bits. Instead triggers have to be developed and used to extract these
events. These triggers will typically be based on the physiological and kinetic data gathered
together with the video. The challenge when creating triggers is to make them sensitive enough,
i.e. as many as possible of the available events in the material should be captured, and at the
same time be precise enough so that they do not produce too many false hits, which can make
the manual sorting very time consuming. For a further discussion of different triggers, see
section 2.1.

The pros and cons with naturalistic driving studies will vary depending on what is studied. The
main benefit is of course, as previously mentioned, that researchers will get a view of driving
as it actually happens in reality, and will see more realistic behavior that probably will not be
seen in simulators or in more controlled studies of driving, e.g. with a researcher in the car.
Given unobtrusively placed recording equipment, most experiences point to subjects quickly
forgetting or disregarding the fact that they are being recorded, and behaving as they normally
would. This is indicated by the large amounts of behavior considered “extreme” recorded in
naturalistic driving studies, such as traffic violations and driving under severe fatigue (Neale
et al., 2005). It can otherwise be a problem in studies of driving that drivers try to be on their
best behavior while being observed.

Naturalistic driving studies should, given that they are properly designed, provide ample and
sufficient information for hypotheses based on statistic differences of observable factors. For
instance, if the hypothesis is that young drivers will be involved in more conflicts, given a good
method for identifying conflicts, this hypothesis can be tested just by collecting age data on
participating drivers and calculating number of conflicts in relation to time driven.

However, more in-depth studies of driver behavior are more problematic, as there is no obvious
way of knowing drivers’ intentions or mental states in a given situation. While the observ-
able behavior is available through video, the reasons for that behavior might be impossible to
deduce without guessing. In some cases, methods have been developed to ascertain mental
states through video analysis, such as determining fatigue from facial and eye characteristics
(Wierwille and Ellsworth, 1994), which have subsequently been applied to naturalistic driving
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studies (Klauer et al., 2006). In most cases however, there are no reliable methods known to
the author of knowing anything that can not be directly observed.

It will generally not be possible to interview subjects about situations to try to obtain more
information of their perspective. This is because these situations in most cases will be found
and picked out by the researchers after the data collection is complete, and at that time the
subjects may very well have forgotten all about the incident, especially if it was not considered
very dramatic from their point of view.

For this reason, when it comes to studying driver behavior in for instance conflict situations,
naturalistic driving studies might be better suited to collect data and information about the
observable circumstances these events happen in, and from that information as well as from
previous research of other types create ideas and/or hypotheses. The ideas might then, if they
are found to be persistent, be turned into testable hypotheses, for instance through the introduc-
tion of intelligent systems meant to address suspected factors. These hypotheses can then be
tested in simulator studies, on test tracks, and in FOT studies, using the circumstantial factors as
test conditions, and for instance with the example of conflicts, simple conflict rate with/without
introduced independent variable (such as an intelligent system). For this to be possible, a frame-
work for data gathering and sorting in naturalistic driving studies might be useful for making
sure the appropriate data is collected and processed in a manner which helps creating test cases
and ideas for possible safety improvements. The main benefit would be that these would have
a firm basis in reality and in situations that did actually occur.
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2.5 Prototypical scenarios

A prototype accident scenario is an accident description in some way compiled through the
identification of recurring factors or circumstances in a collection of previous accident analyses.
The term prototype is an analogy to cognitive psychology, where memories are believed to
be organized according to certain similarities. Likewise, a prototype scenario is considered
prototypical based on similarities to the set of accidents it is meant to categorize, rather than
based on the set members fulfilling necessary and sufficient criteria (Fleury and Brenac, 2001).

These prototypical scenarios can be assessed to consider different types of safety measures. A
safety measure, whether it is an active safety system, a road environment change or something
else should then seek to address the turn of events or factors described in the prototype scenario
in order to be considered useful in preventing the set of accidents the prototype represents
(Fleury and Brenac, 2001; Ljung Aust, 2009). Note that some discrepancies exist in term
usage; here prototypical or prototype scenario will be used to refer to the concept described in
this section.

How a prototype scenario will look is of course dependant on what data is collected for the
accidents it is based on, the accident model used to structure that data, what type of safety
measure the prototype scenario is meant to aid in the development and testing of, and possibly
also on how large a sample the prototype is meant to represent.

There are two main approaches to creating these prototypical situations (Ljung Aust, 2009).
The first is to start with less detailed but more extensive data and selecting the most common
features detailed. Then in-depth studies are selected which as good as possible match the set
of features believed to be typical from the statistical data. One example of this method can be
found in Chovan et al. (1994). The second approach is to instead start with a set of in-depth
case studies of the relevant category and select the common features from there, as described
in e.g. Fleury and Brenac (2001). The results of such an approach can for instance be found in
van Elslande and Fouquet (2007), where prototypes are described in terms of driving situation,
explanatory elements, functional failure and resulting critical situation.

One problem with most or all prototype creation methods is that the prototypes often either are
not representative enough, or the level of representativeness can not be determined (Ljung Aust,
2009). The main issue is with the use of the in-depth data, which normally is collected from
police registers or similar. These studies tend to represent a specific non-representative subset
of all accidents, and the ability to draw general conclusions from this type of data is dubious at
best. In contrast, statistical data from various official databases might be more representative
of the population as whole, but does not contain enough information to alone be of any use in
the creation of prototypes.

A possible approach to address this problem might be to use conflicts instead of or in con-
junction with accidents in order to generate prototype scenarios. The main benefit would be
that data from conflicts can be gathered in a larger scale as they happen a lot more frequently
than accidents. Conflicts collected through for instance naturalistic driving studies are not as
influenced by the inherent sampling bias that often is the case in the collection of accident data,
as extensive data on traffic accidents generally only is collected when they have led to severe
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personal or property damage, and even then they are often collected for purposes such as as-
signing responsibility, which might mean that all data useful for the design of safety measures
may not be collected.

Using conflicts in this manner makes one crucial assumption however, which is that whatever
might prevent the breakdown in safety that the conflicts in the relevant category represent, will
also prevent the accidents that would have happened if these conflicts had not been averted, that
is, control regained. In practice, this means that the prototype scenarios will have to be limited
to the pre-accident phase, i.e. the phase that is common for both conflicts and accidents. This
in turn means that they will be less useful for evaluating measures that seek to aid when the
situation already is critical, such as some forms of braking assists. They should however be
of more use for prevention measures that seek to reduce or eliminate certain types of risk
situations, such as distance alert.
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2.6 DREAM

The Driving Reliability and Error Analysis Method (DREAM) is a systemic accident analysis
method first developed by Mikael Ljung in his Master’s thesis (Ljung, 2002). It was created
as a modification of the Cognitive Reliability and Error Analysis Method (CREAM) developed
by Hollnagel (1998). While CREAM is meant to be general purpose, but is mostly focused
on control room processes, DREAM is developed specifically for analyzing driving and traffic.
However, the two methods still share the same underlying assumptions about accidents and
why they happen, and roughly the same structure and methodology. As such, a lot of what is
written in this section will apply to CREAM as well as DREAM, and did in fact originate with
CREAM. However, only DREAM will be described here.

Accident model

As a systemic accident model (see section 2.2), DREAM assumes that accidents occur due to
combinations of factors arising from a complex environment. These factors can both be at the
“blunt end”, that is, latent conditions, or at the sharp end, which means actions and factors at
the time of the accident. Therefore it rejects the traditional sequential description of accidents
as a series of events sorted temporally assumed to have eventually led to the accident. Instead,
causes in DREAM can be dislocated from the accident both temporally and spatially.

As is common in systemic accident models, factors in DREAM are characterized as belonging
to one of the three categories human, technology and organization, and are grouped as such.
These factors consist of the driver, the vehicle and the traffic environment, and the organiza-
tion, respectively, and all three categories should be taken into consideration when doing an
analysis. They should also be considered in conjunction with each other rather than as separate
unconnected entities.

The DREAM model fills a gap in the field of traffic safety, as there is an increasing awareness
that the traditional way of viewing and analyzing accidents is becoming obsolete with new
research paradigms and increasing traffic complexity (Huang, 2007). There is also the con-
sideration of why traffic accident analyses are carried out and for what purpose. For instance,
police and insurance companies are interested in determining whether there is a guilty party for
legal and insurance reasons, while road administration might be interested in knowing whether
there are any problems with the stretch of road the accident happened at. These purposes will
of course influence the result of the analyses, and while possibly useful for those means, they
are seldom sufficient for use in the development of most types of accident prevention.

In contrast, DREAM was created as part of the FICA (Factors Influencing the Causation of
Accidents and Incidents) project, which was focused on active safety measures such as intel-
ligent vehicle systems. The DREAM model reflects this focus and is therefore designed for
that purpose (Ljung, 2002; Wallén Warner et al., 2008b). It can however, at least in theory, be
modified or used in conjunction with other methods for different purposes.
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Versions

DREAM has undergone several revisions since its first version, written as a Master’s thesis in
Swedish (Ljung, 2002). The underlying accident model and methodology has remained the
same, and most changes have been small adjustments to better reflect current research and
knowledge. DREAM has also been applied in the European Union project SafetyNet, then in
a version called SNACS (SafetyNet Accident Causation System; Björkman et al., 2008). The
most recent version at the time of writing is DREAM 3.0, written in English (Wallén Warner
et al., 2008b).

Classification scheme

There are three main components of DREAM. One is the accident model described above, and
the other two are the classification scheme and the method. The classification scheme com-
prises of two categories. The first is a list of observable accident effects, that is, the accident
described from how it looks, most of the effects described in terms of vehicle motion. The
other category is a set of possible causes or contributory factors which may have played a role
in the accident. These factors are divided in categories according to the human-technology-
organization distinction, and include for instance driver mental states, disturbances in the envi-
ronment, and vehicle problems.

Phenotypes and genotypes

The categories of observable effects, and causes and factors, are called phenotypes and geno-
types, respectively, using a metaphor from biology, where a genotype is the genetic makeup
of an individual, while a phenotype is the observable characteristics of that individual. The
point of this analogy is that while the genotype of an individual determines the phenotype, two
individuals with very similar genotypes can look very different, depending on what genes are
dominant.

Transferred to accidents, this illustrates the assumption that all accidents have a common
genome, but with different factors manifesting in different occasions (Ljung, 2002). This would
be the motivation for why it is meaningful to list a set of factors like DREAM does, and at-
tempting to explain most accidents in those terms. It should be noticed however, that there are
no claims of the set of causes being a complete and cemented list of everything that can lead to
an accident. Rather, constant revision of the set is encouraged to reflect new findings, or to bet-
ter fit the purposes of the analysts. The set is also limited to what is considered being probable
factors in most accidents, and more unlikely happenings, while probably possible, will not be
included. This is of course necessary to limit the set to a size that is at all usable.

Linking

However, DREAM is not just a taxonomy of causes and factors, but also includes a linking
table, to help analysts connect factors with each other, i.e. with some factors as antecedents to
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others. This means not every factor can be an antecedent to another, which limits the choices for
analysts for every step, leading to an easier analysis. These links are meant to be grounded in
data as much as possible, that is, for a link to be allowed it should have some basis in research
(see Wallén Warner et al., 2008a for support for the links in DREAM 3.0). Of course, the
factors and links actually chosen by analysts have to be based on information of the accident,
as DREAM is a tool for organizing and structuring. It will not tell analysts anything new about
the accident, but the set of factors listed can help in the data gathering process. Analysts should
ideally strive to gain as much information as to be able to confirm or reject the presence of
every genotype.

The links in DREAM are meant to be bidirectional, which means it can, in theory, be used as a
tool for preventive risk analysis as well as for analyzing accidents that have already happened.
In practice however, there is very little documentation of this and a lack of studies where such
predictive analyses have been performed. It can therefore be said to be a relatively unexplored
area.

Method

A DREAM analysis should start by analyzing the context the accident happened in. To help
with this, DREAM provides a table of Common Performance Conditions (CPC) which is a
checklist of the circumstances at the time and place of the accident. These contain information
about such things as the visibility, the speed of the drivers, how experienced the drivers are etc.
The filled in CPC table is meant to help the analysts with determining which factors and causes
are more likely and which are less. Note that for some reason, the CPC table is completely
absent from the 3.0 manual, with no explanation for its exclusion. It is however mostly an
aid for structuring data for the actual analysis, and it is possible that the authors of the latest
manual felt it would be better to leave that structuring to the analysts’ preferences. For this
study however, the CPC table is considered a useful tool, and its structure and usage will be
based on the DREAM 2.1 manual (Ljung et al., nd).

For each condition, the analyst determines whether the circumstances would affect the ability
of the involved drivers to maintain control in a positive or negative manner, or neither. For
instance, if there is heavy fog, the “visibility – weather and lighting” condition would be marked
as negative. Note that at this stage, no consideration of whether the condition actually affected
the turn of events is made. The purpose is merely to inform the subsequent analysis.
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Figure 1: Common Performance Conditions in DREAM, adapted from Ljung et al. (nd)

The next step, assuming all data is gathered, is to select a phenotype for the analyzed vehicle
at the time of the accident (note that one DREAM analysis per involved driver-vehicle system
is usually made). As previously mentioned, the phenotype is the observable effect or effects
of the accident. There are six general phenotypes, each with one or more subtypes (see table).
The phenotype should be selected based on the point where an action is taken or an event
happening that means the accident is inevitable. Looking at the phenotypes, it might in some
cases be tricky to choose, since more than one could be applicable. In most cases however,
when looking closer, one will seem more fitting than the others. If not, it will not affect the rest
of the analysis, as all phenotypes have the same links.

Figure 2: Phenotypes in DREAM, adapted from Wallén Warner et al. (2008b)

When a phenotype has been selected, it is time to look it up in the linking table, and see what
genotypes are listed as possible antecedents. Genotypes are causes or factors that may lead to
risky situations and eventually accidents. Based on what is known about the accident, those
genotypes which seem applicable are selected. This will in a lot of cases be more than one.
This process is then repeated for the genotypes; they are looked up in the linking table, and
based on what is known, the proper antecedent(s) is selected, which will be another genotype.
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Figure 3: General genotypes in DREAM, adapted from Wallén Warner et al. (2008b)

There are two sorts of genotypes, specific and general. To explain how they differ, it might be
time to describe the stop rules in DREAM. It is necessary to have explicit stop rules in models
such as DREAM, as analyses will otherwise either go on forever, or end at arbitrary points. In
DREAM, there are three rules which cause an analysis to stop:

• When a specific genotype is determined to be the antecedent

• If a selected genotype has no antecedent

• If none of the choices of antecedents available are applicable

When one of these conditions is met, the analysis for the current chain ends. The entire analysis
will however continue until all chains are finished due to one of the stop rules being applied.

Example analysis

To better illustrate how DREAM is used, an analysis will be made for the following (fictional)
accident:
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It is winter, and there has been heavy snowfall earlier. The weather is clear at the moment. The
time is 17.40 and it is dark. The roads are not especially slippery. Due to plowing, there are
large walls of snow to the sides of the road.

Driver A is driving to the store, which is soon closing. He is therefore in a hurry, and drives in
60 km/h on a road where the speed limit is 50 km/h. As he approaches a T-junction where he is
driving forward and has the right of way, he hits the rear of Driver B, who has just taken a left
turn. Driver A starts braking moments before he spots Driver B, but is not able to stop the car
before it hits her.

Driver B approaches the intersection with the intention of turning left. She is on her way home
after work, and is slightly fatigued. She keeps the speed limit of 50 km/h as she approaches
the intersection. She stops at the intersection to wait for traffic approaching from the left to
pass. No cars are seen passing from the right. There is a snow wall on a traffic island partly
blocking the view of those cars. After waiting a long time for a window in traffic from the
left, she quickly drives into the intersection without proper view of possible cars from the right.
Having just made the turn, she is hit in the rear by Driver A.

Both cars were in good condition, and there is no suspicion of any of the drivers being under
the influence of alcohol or drugs.

If it had been a real situation and a real analysis, both drivers would have gotten separate
analyses. Since this is just an illustration of the procedure, only Driver A will be analyzed.

Starting the analysis with Driver A, the first step is to select a phenotype. The phenotype should
be selected based on the moment Driver A entered the intersection even though it was not clear.
Here two candidates seem the most fitting: Speed – Too high, since he was driving into the
intersection at a speed which was higher than the limit, and Timing: Too Late Action, since
he started braking too late to avoid hitting Driver B. Speed – Too high seems most appropriate
for this situation as it is likely from the information that Driver A started braking as soon as
he spotted Driver B. Note that the fact that Driver A had the right of way does not matter for
this part of the analysis, as the point is to give an account of how the accident happened, not to
place any blame.

The next step is to look up Speed – Too High in the linking table, and see what genotypes are
linked as possible antecedents. Here it can be seen that Misjudgment of situation is the only
genotype that seems to fit with what is known about the accident. For instance, Driver A was
not under the influence of any substance and there were no technical failures. Misjudgment
of time gaps is not appropriate since it requires having seen the other car(s) and drawing the
wrong conclusions about time available. Since Driver A did not see Driver B when entering
the intersection, this genotype is rejected as an antecedent.

Next Misjudgment of situation is looked up. Here three genotypes fit as antecedents. These are
Missed observation, since Driver A did not see Diver B at the time of the misjudgment, Priority
error, as Driver A prioritized getting fast to the store over safe traffic behavior, and Expectance
of certain behavior, since Driver A would have expected free passage since he had the right of
way. Expectance of certain behavior has no antecedents listed, so that part of the chain stops
there according to the stop rules.
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For Missed observation, a possible antecedent is either Permanent obstruction to view or Tem-
porary obstruction to view. Whether a snow wall should be considered permanent (like shrub-
bery is) or temporary is not clear from the manual, but it does not matter much in this case,
as long as the analyst writes down his or hers motivation for why the genotype is chosen. For
the purpose of this example, it will be considered a Temporary obstruction, which has no an-
tecedents, and thus that part of the chain stops. Note that while Reduced visibility might be
considered here as well, since it was dark outside, it is believed that both cars had working
headlights, and that darkness therefore would not have been a factor in this case.

The last loose end of the chain is Priority error. Looking in the linking table, Psychological
stress seems to fit. From Psychological stress, Time pressure fits as an antecedent from what
is know about the circumstances, as Driver A was in a hurry to the store. Time pressure has
two specific genotypes as antecedents, none of which fit, and no general genotypes. Thus, the
analysis stops.

The resulting analysis will end up looking like figure 4.

Speed
- too high

Misjudgment
of situation

Missed
observation

Temporary
obstruction to 

view

Expectance 
of certain
behaviors

Priority errorPsychological
stress

Time
pressure

Figure 4: Example DREAM analysis

If there is interest in knowing the motivation for why a certain link is allowed by DREAM,
it can be looked up in the documentation of references (Wallén Warner et al., 2008a). For
instance, for the link Time pressure → Psychological stress → Priority error, it lists a study
which found it was common for drivers to exceed speed limits due to time pressure (Beilock,
1995).

DREAM and naturalistic driving studies

To carry out a full DREAM analysis such as the one described above, a lot of data is needed,
including information about what went on in the minds of the participants and how they inter-
preted the situation. To obtain this information, an in-depth investigation has to be performed
where the people involved in the accident are interviewed or otherwise questioned about their
experience of what happened. These interviews will have to be made as soon as possible after
the accident while the interview subjects can still remember as many details as possible. For the
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reasons mentioned in section 2.4, this type of post-accident investigation is for several practical
reasons not possible to carry out in most studies of naturalistic driving data. If conflicts rather
than accidents are studied, it might be even harder, as conflicts are less dramatic events and
might not last as long in memory. One study found that around 80% of near-accidents will be
forgotten after two weeks (Chapman and Underwood, 2000).

However, as previously mentioned, DREAM is designed to be a tool for predictive analysis as
well as for post-hoc analysis, and the links are bi-directional. This means that a partial analysis
could possibly be carried out using the data available from a naturalistic driving study. This
data would consist of whatever can be observed or inferred from video recordings and possibly
participant data, but not information obtained by for instance interviews.

From this partial analysis, the available links could then be examined, and the possible geno-
types gone through and either rejected as implausible, or kept as possible antecedents. Thus
the analysts would end up with a situation frame which, built upon what could be observed
from the situation, contains a number of possible links and causes. These would ideally then be
based upon solid research, which of course is highly dependent of the validity of the DREAM
taxonomy and model. Note that this type of analysis would absolutely not be a substitute for
a real full analysis. If the purpose is to discern exactly what might have caused a specific
situation, then a full analysis with in-depth data collection will have to be made instead.

The use of these partial analyses would instead be evident when a sufficient enough number
can be collected and merged, probably sorted after some category or criterion, dependent upon
the researchers purposes. Coupled with data about the circumstances of the situations, which
could possibly be based on DREAM’s Common Performance Conditions, some broad trends
might appear. This means researchers would have something based in reality to build either
hypotheses from, or perhaps more useful, use cases for various safety measures. These use
cases could then be used to test the effect of variables such as active safety systems on situations
that could and have occurred in reality. For instance, the recently proposed Situational Control
framework for evaluating the efficacy of active safety systems (Ljung Aust, 2009) requires these
types of use cases.
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2.7 Background summary

In the background section, several concepts have been described and discussed. Here, the
points relevant to this study will be summarized.

Studying conflicts as well as accidents in order to learn more about risks in traffic and the
possibilities of preventing or lessening it is a development that brings the research area of
traffic safety closer to safety studies in other domains such as industry, where near-misses have
been studied and analyzed for a long time. Conflicts are also more frequent than accidents,
which means that a larger sample can be collected and studied. This makes generalization and
collecting a representative sample easier, and lessens the risk of for instance regression to the
mean when measuring numbers.

Conflicts have to be found in some way in order to study them, and as they are almost never
reported to anywhere unlike accidents, another method has to be used. Naturalistic driving stud-
ies, where cars are fitted with sensors, measuring equipment and video cameras and are used
as normal for the participants daily routines is thought to be a good way of finding conflicts.
Analysts will then have access to video and kinematic and sensor data from these conflicts,
providing objective and unbiased information about the process.

Naturalistic driving studies collect an immense amount of data however, and therefore a way
of separating the relevant events from the rest is needed. Since it is believed that most conflict
situations contain powerful brakes (van der Horst, 1990; Nygård, 1999), the search was limited
to finding these. As previous studies have shown that acceleration alone is not a reliable mea-
sure as it can be hard to separate planned brakes from sudden ones. Therefore, the measure of
jerk is introduced, which is the rate of change in acceleration. It is believed that jerk will be
different for conflict brakes than for planned ones, even if the acceleration looks the same.

Once a number of conflict situations have been found, the question is how to use them in the best
way in order to improve safety in traffic. Given the type of data available through naturalistic
driving studies, prototypical situations for testing of active safety systems is believed to be a
good use with a real potential to contribute to lowering risk.

Found conflict situations will have to be analyzed and structured in some way, and it is believed
that the analysis method DREAM will be suited for this task, as it is a systemic accident model
which takes as many factors as possible into account. This is considered appropriate in order
to best understand the complexity of traffic and how it can lead to accidents or conflicts. As
DREAM originally had a slightly different purpose than the one in this study, some adaptations
will have to be made.
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3 Method

In this section the general methodology used for the data gathering and the subsequent anal-
ysis will be described. The method used was carried out in two parts. The first part was to
mathematically analyze the kinetic data. This process had two goals:

• To find as many conflict situations in the video material as possible for further analysis

• To determine the optimal triggers, and values for these, for finding conflict situations
from kinetic signals. A good set of triggers was defined as having a high enough precision
rate for analysts to realistically be able to go through found events manually, and finding
as many real events as possible (recall)

The second part of the process was to go through the video of the conflict events found in part
one and for each event fill in an observation protocol. This protocol was designed to gather
enough info to allow the analyses needed to be made, and was mostly based on the Common
Performance Conditions and the genotypes in DREAM.

Materials

The materials in this study consisted of a large database of recorded video of people driving
normally without instructions or otherwise being guided. These recordings were obtained as
part of the SeMiFOT project (SeMiFOT, 2009) where 14 vehicles, of which there were 10
private cars and 4 trucks, were fitted with cameras. The volunteering participants then used
their vehicles as they normally would without any special instructions from the researchers.
This study only included the private cars.

The cameras were mounted as to provide a view of the driving process from several angles.
The following views were recorded:

• The front of the car, roughly the same view as the driver has through the front window
when looking straight forward

• The back of the car, similar to the driver’s view through the rear window

• Diagonally left and right from the front of the car

• The driver’s seat seen from the right side

• The driver’s face close up from the front

Some cars did not include all these views, and some had other views instead, however, the
views relevant for determining what went on around the car were present for all cars.

In addition to the video data, several kinetic and sensor signals were also recorded. These were
obtained both from the vehicles’ CAN (Controller Area Network) bus and from external mea-
suring equipment. Signals recorded in this manner included, but were not limited to, vehicle
speed, vehicle longitudinal and lateral acceleration, vehicle yaw and GPS position.
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All of the recorded data were uploaded to a database from where it then could be accessed by
researchers. An interface for searching through the database based on different criteria was also
provided, along with the ability to run scripts on the data for more advanced sorting, filtering
or analysis.

Participants were all based in the larger Gothenburg (Göteborg) area, and thus most of the
driving took place there. There were however no restrictions on where the participants could
drive. Beyond the primary participants, other people who drove the vehicles such as spouses or
friends could also be recorded, which means the exact number of drivers is not available to this
study.

Data analysis

The first step in the process was to find as many relevant events (conflicts) as possible in the
set of video data. As manual review of such extensive data, comprising around 9000 trips and
4000 hours of video, was impossible, a script was developed to process the data and extract
candidate events based on a set of triggers. As several types of kinetic data had been recorded
alongside the video, it was possible to design the triggers around the physical forces exerted
on the car, based on the assumption that conflicts, and more specifically, conflicts where the
evasive maneuver consists of braking, will lead to physical forces that can discern them from
regular, non-conflict events such as planned braking.

The signals used for processing were vehicle speed, obtained from the CAN bus in the car, with
a sampling rate of 10 Hz (10 measurements per second), and longitudinal acceleration from an
external accelerometer fitted to the car, with a sampling rate of 60 Hz. The acceleration values
from the accelerometer were used to calculate the jerk measure, which as mentioned is the
derivative of acceleration. To remove unwanted noise, the acceleration signal was smoothed
and filtered using the Savitzky-Golay smoothing algorithm (Savitzky and Golay, 1964), which
was also used to provide the signal’s derivative (i.e. the jerk).

The criteria that had to be fulfilled for an event to be considered consisted of the following
conditions in conjunction:

• A jerk value of -5 m/s3 or lower. This was the starting trigger, and the remaining triggers
were only searched for within a time window of 2 seconds before and 2 seconds after the
point where the jerk was found

• An acceleration value of -2 m/s2 or lower within the time window

• A decrease in speed of at least 25% within the time window

• A maximum speed within the time window of 40 km/h or higher

These criteria were deliberately more allowing than what was expected to give an acceptable
precision rate. As there had been no known previous study where these types of triggers had
been used on naturalistic driving data, and since especially the concept of jerks had very little
literature available on it, a larger set of candidate events was acquired for testing. The values
of jerk and accelerations were set to a somewhat arbitrarily lower level than the suggestions of
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Nygård (1999). The resulting events could then be sorted, a sample could be selected based on
different levels for the different values, and from determining the hit rate at these levels, more
restrictive criteria with a more acceptable rate of false to true positives could be determined.

Indeed, as expected, these first set of criteria were too allowing to be considered useful. With
them, 906 candidate events were found, far too many to manually go through during the course
of this study. Instead, a sample of the events closest to the demarcation line, i.e. the ones closest
to not fulfilling one or more criteria, was reviewed. From this, some tendencies were seen.

Probably one of the most common events found in the reviewed data set was driving over
something uneven on the road, such as speed bumps or onto a bridge with a slight angle.
These events would generate quite high jerks, but the acceleration would most commonly be
around -2 m/s2. It was speculated that these values also might be due to the characteristics
of the accelerometer, since the bump might cause it to shake slightly, meaning a rapid change
in acceleration (i.e. jerk), but not causing a high deceleration value. In other words, in the
acceleration graph, the spike would have low amplitude, but be very steep.

Another type of events that would cause small jerks and acceleration spikes, but still large
enough to be triggered were sharp turns in crossings and the like. Why these events were
triggered is hard to say, since there was not really anything remarkable about them, and only
longitudinal acceleration was measured, but again the accelerometer might be the prime sus-
pect.

These types of events being allowed in the list of candidates was of course undesirable, so a new
stricter set of criteria was developed and applied. As these events tended to have rather weak
acceleration, and in some cases small jerks as well, the new set raised the bar for those values,
leaving the other criteria intact. It was believed that this new set would only remove irrelevant
events in comparison to the older more allowing one, keeping all or almost all relevant events
in the list.

As such, for the next filtering, the following changes were made, with the values set stricter to
an arbitrary level assumed to reduce a lot of the non-relevant events from the first filtering:

• Jerk threshold changed to -7 m/s3

• Acceleration changed to be dependent of speed. The new criterion was that the acceleration-
speed ratio had to be at least 0.08. Since there is a limit on how much acceleration force a
car can generate by breaking, this criterion was expected to not work with higher speeds,
so in addition, any event with an acceleration of -5 m/s2 or lower would also be included,
regardless of the ratio.

These criteria would leave 170 events in, a more manageable amount, but still expected to con-
tain a high number of false positives. Indeed, after reviewing the events found, this expectation
proved true. However, three true events (conflicts) were found close to the demarcation line in
this set, making the decision on whether to tighten the criteria further less straightforward. In
the end however, it was decided that for the purpose of developing a set of criteria that could
work in studies many times larger than this one, a higher precision rate would be needed. Thus,
the three events found were kept for this study, but a new tighter set of criteria was created
where:
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• Jerk threshold changed to -9.5 m/s3

• Acceleration-speed ratio changed to 0.09

This left 88 events in. All of these were manually reviewed and classified as either conflict or
not conflict in preparation for the second part of the analysis.

Defining conflicts

As was expected, the definition of whether an event was a conflict or not had to be made mostly
subjectively. The concept of control was used in order to make the distinction, as a conflict had
been defined as the rapid loss of control of the driver-vehicle system. As this study focused on
conflicts with braking as an evasive maneuver, the core criteria for judging whether an event
is a conflict were whether the brake was done in order to avoid a collision with another road
user, and whether it was a proactive or a reactive action. Proactive brakes indicate control of
the situation, while reactive are indicative of loss of control.

To aid in determining the nature of the situation, the visible physical reaction of the driver was
of good use, as safety critical situations often resulted in stiffening of the body and widening
of the eyes. Proximity to other road users was also considered.

Event coding

After the data analysis and manual review, 21 events remained that were classified as conflicts
(see Results for further details). The video available for these events was carefully examined,
and an observation protocol (see Appendix 1) was filled in for each event. The observation pro-
tocol was developed based mostly on the genotypes and Common Performance Conditions in
DREAM, and was meant to help the reviewer to collect the necessary and sufficient information
in order to perform the subsequent analysis.

The Common Performance Conditions that were able to be discerned by watching the videos
and the accompanying data, such as information about the traffic environment, driving con-
ditions and driver factors such as number of parallel goals or activities, were filled in and
evaluated based on whether they were supportive of safe and unproblematic driving, or in con-
trast put additional demands on the driving task. Some of the performance conditions such as
driving experience and acquaintance with the environment and the vehicle could not be filled
in as they demand information in addition to what can be observed, and the information could
not be obtained for this study, although it can certainly be possible.

The Common Performance conditions in addition to other data that could be observed were
then used to determine what DREAM genotypes were present or were very likely to have
influenced the cause of the event and led to the breakdown in safety and loss of control that a
conflict represents. The coding also consisted of marking those genotypes that could safely be
determined to not be present in the situation.

In addition to these, a short narrative of the event together with a drawn image showing the traf-
fic environment topology, and the involved road users and their paths, along with any specific
points of interest was created.
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4 Results

In this section, the results of the data analysis will be presented. As the event coding was done
to aid in the development of the method for creating prototype cases from conflicts gathered in
naturalistic driving studies that was one of the purposes of this study, the resulting suggestions
for a methodology will be presented in a separate section.

The criteria found to provide the best hits to misses rate were the following:

• A jerk value of -9.5 m/s3 or lower. This was the starting trigger, and the remaining
triggers were only searched for within a time window of 2 seconds before and 2 seconds
after the point where the jerk was found

• An acceleration to speed ratio of at least 0.09, or an acceleration value of -5 m/s2 or lower
within the time window

• A decrease in speed of at least 25% within the time window

• A maximum speed within the time window of 40 km/h or higher

The final result with these criteria was 88 events found. Of these, 18 events were determined
to be conflicts. 8 events were discarded as they due to technical problems lacked video. Thus,
this set of criteria resulted in a precision of 18/80 = 0.225. This is still a fairly low value, but
there might be a reason to suspect that it will not get much better.

The main reason for this becomes obvious when looking at the 80 events captured by this set of
triggers. A rather high percentage of the false hits (non-conflicts) are from the exact same sort
of situation. This specific type of false hit is so common it might warrant a small description:
The driver is on a narrow rural road with a low speed limit. The road is winding and too narrow
for two cars to pass each other. The driver spots a car coming around a corner, and quickly
brakes and turns to the side, so the other car can pass without he/she having to back.

These events are indistinguishable from conflicts as far as acceleration and jerk is concerned,
and this is simply since the driver’s reaction is in fact sudden and heavy, just like it would be in
a safety critical event. But it is not to prevent a collision, but rather to make the situation more
comfortable that the action is sudden and powerful. Usually the margins are fairly high before
the cars would meet, but there might not be any space to the side of the road anywhere further
ahead. This would also mean that there are in fact situations where drivers willingly would
let the physical forces associated with sudden braking affect them, other than safety critical
situations, contrary to what was assumed at the beginning of this study.

Another type of false hit comes from drivers having way too high speed when approaching
for instance an intersection or a pedestrian crossing, and having to brake powerfully in order
to stop in time. This type of behavior might be considered unsafe, but as long as there is no
collision risked, they will not be classified as conflicts.

These two event types together comprise the vast majority of the false hits found with the final
set of criteria. If these two types could in some way be removed, through other triggers or
through study design, there might be significantly better precision with the set of criteria than
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was obtained in this study. For instance, the first type of event would of course be far less
frequent if a larger proportion of the driving recorded is done in for instance urban areas or on
highways. The second event type, could, if found to be limited to certain drivers, be treated
differently depending on the driver triggering it.

These results also speak against the use of jerks in order to define conflicts proposed earlier in
this report. Just as assumed, subjective evaluation of events was necessary in order to distin-
guish conflicts from other types of events. While jerk definitely was a helpful measure in order
to bring the number of false positives down, it is far too blunt to be used as a conflict definition.
While conflict brakes tended to result in powerful jerks, so did several other situations, whether
it is due to limitations of measuring equipment or otherwise. As mentioned above, in some
situations drivers would brake abruptly and powerfully despite there being no real safety risk.

Another implication of these results is the question of how common conflicts actually are.
Using this method, 21 conflicts were found (18 with the final criteria, plus 3 found in the larger
set). While there are expected to be more conflicts in the material than the 21 situations found,
since only those where the evasive action consists of some sort of braking can be found with
this method, the number of remaining ones is expected to be fairly low. This is assumed mostly
since several studies have shown that braking is by far the most common evasive maneuver in
conflict situations (Hydén, 1987; Hantula, 1994; Dingus et al., 2006). However, there is the
slight possibility that this might be due to biased definitions or triggers.

Either way, these results are telling for what size would be needed in order to collect enough
interesting events in order to determine things such as the frequency of certain types of situa-
tions and other data useful for the development of safety measures. Of course, no such data will
be available from this study, as it is of relatively small scale and there has been none or very
little effort to ensure the participants are representative of the whole population. What it can
provide, and due to this study has provided, is a sample of what might be expected from these
types of naturalistic driving studies, which will hopefully help in the design of new studies in
the future.
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5 Creation of prototypes

In this section, the data on the conflicts found through the data analysis and its implications will
be discussed. From the lessons learned by looking at these situations and from other studies,
a methodology of creating prototype situations from conflicts found through naturalistic driv-
ing studies will be suggested, based partly on the already existing DREAM accident and risk
analysis model. This modification will be tentatively named DREAM-N.

5.1 Discussion of data collection

The first thing to realize about the conflicts that were gathered in this study is that they repre-
sent a very small sample of the conflicts going on in traffic. Therefore, no actual conclusions
about the nature of conflicts can be determined from this material, which was not the purpose
either. Instead, the sample is a look into how a conflict situation might look like, how it can be
captured in a naturalistic driving study, and how much information can be obtained from the
data collected. This will all help to inform the design of the methodology to be presented in
this section.

Another important point is that due to the limited scale of the present study and also due to
the design of the study where the situations were recorded, not all data that ideally could have
been obtained were in fact so. The types of data that would have been useful and that could
theoretically be obtained within a reasonable amount of effort in a naturalistic driving study
include things such as:

• Personal data about the drivers such as age, experience with the current vehicle, driving
experience

• Technical factors about the car such as what systems are installed, and information on in
what situations they work, how they work, and a log of when during the recorded driving
they have been active

• Information about how the driver experience the said systems, and how they use them,
and also how they feel about the car they are driving in general, such as their subjective
feelings of comfort, annoyances etc.

• The attitudes of the participating drivers to the driving task, obtained through for instance
the Driving Behavior Questionnaire (Reason et al., 1990).

• Video footage of the passenger seats would also provide useful information. There may
however be ethical reasons why this typically is not acquired.

Note that some of these data were indeed gathered for the SeMiFOT project, but were for
reasons of time and scope not available for this study

In addition, if a good enough method can be designed to determine such things as driver fatigue
or influence of mind altering substances, it would also be an improvement and make for a better
analysis. The same thing can be said for detailed data of driver glance behavior, in order to
better determine what the driver did and did not see.
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Categorizing events

Still, as much data as was possible given the limits was collected for this study. However, the
number of situations was too few to be meaningfully divided into categories. Instead, a few of
these situations will be used as examples in order to discuss the methodology proposed, and
the implications thereof.

How events should be categorized is also something that should be determined for each study
depending on what the purpose is. Some types of categorization include categorizing on the
basis of road topology, e.g. urban intersections, highways, rural roads and so on. Another type
of categorization is based on the trajectories of the vehicles involved, such as rear-end collision
with lead vehicle or left turning vehicle risking collision with vehicle driving straight forward.
Yet another type, which might actually be of more use when designing prototype situations, is
based on causes or factors influencing the turn of events, such as missing observation. These
might also be more detailed if needed, such as misjudgment of situation when dark or missing
observation due to in-vehicle distraction. Again, the purpose of the study should influence how
events are categorized.

Conflicts and accidents

The main reason for using conflicts rather than accidents for the methodology is the higher fre-
quency of conflicts in relation to accidents, as has previously been discussed. Quite illustrative
of this fact is that no accidents happened during the around 4000 hours of driving recorded for
this study. Likewise, the much larger 100-car naturalistic driving study, with 43 000 hours of
recorded material found 69 accidents, 75% of which were merely tire strikes or other similar
low severity collisions. The participants in that study were also deliberately chosen to have a
larger representation of drivers belonging to groups considered high risk (e.g. younger drivers)
(Neale et al., 2005). It is therefore easy to see that it would be extremely resource demanding
to gather video of enough accidents in order to be able to draw any conclusions. The upsides
and downsides of studying conflicts and accidents through video will be discussed further on.

However, the results of the data analysis in this study indicate, as mentioned in the Results
section, that quite a large amount of data gathering is necessary in order to gather enough
conflicts in order to determine such things as representativeness of found situations. What also
became clear when looking at the conflicts found in this study is that not all situations that will
be classified as conflicts will be especially serious or dramatic. A lot of the situations are also
fairly straightforward, with little evidence that any unpredictable combination of factors would
be involved. An example of this can be seen in most of the rear-end conflicts (driver risks
collision with the car in front of it, driving in the same direction) found in this study. Most of
these happen on medium speed roads (70 km/h speed limit) when the traffic density increases,
and the cars have to break in order to adapt to the lower speeds needed. Most people who drive
will know that this is very common when approaching urban areas.

In this type of situation, it is not clear that a conflict actually represents a potential accident. The
driver was in fact able to brake in time in order to avoid colliding with the vehicle in front, albeit
with higher force than what is comfortable. But the gap between the cars was large enough in
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relation to the speed of cars, and the driver was alert enough to brake. Of course, some rear-end
conflicts are very close and it is therefore much more reasonable to consider those potential
accidents. This suggests that some sort of severity measure for conflicts might be desirable, but
it is less clear whether the existing ones (see section 2.3) will be appropriate for all types of
situations. A more useful measure might be how startled and surprised the driver is, but this is
of course very hard if not impossible to operationally define. As seen, while sudden reactions
tend to result in jerks, so do a lot of other irrelevant situations.

In other situations, such as some seen in urban intersections in this study, the conflicts are
more interesting from a safety perspective. These typically consist of drivers risking collision
because they enter the intersection before it is free. Even though they manage to brake in
time, they should ideally not have entered the intersection at all, but rather have stopped at the
lines until it was clear or slowed down as they approached it in order to let other traffic pass.
Here there will usually be one or more factors or links of factors that led to the situation, such
as seeing the other car or cars too late because of divided attention, or expecting a different
behavior from other drivers. Conflict studies have traditionally been focused on intersections
(e.g. Hydén, 1987), and there may be reasons other than practical ones for this, such as the
often more complex and analyzable nature of the conflicts found there.

Naturalistic driving studies and active safety systems

So why collect conflict situations through naturalistic driving studies? The main reason is of
course that it provides a rare opportunity to get an objective view of what actually does happen
in these types of situations. Narratives reconstructed from the memories of the drivers and eye-
witnesses are prone to biases and memory distortions (e.g. Loftus and Palmer, 1974; Pizzaro
et al., 2006) and post-hoc accident scene investigations do not provide enough information. For
conflicts, of course, investigations will seldom or never even be made, and the situation will be
forgotten without any opportunity to draw knowledge from it, with the possible exception of
the involved parties.

As was seen from the material reviewed, seeing how people drive and react before, during and
after conflict situations can give several clues as to how the situations did arise which in turn
can hopefully be made into ideas of how they can be prevented. The problem is as has been
mentioned previously that mental states can in most cases not be determined from looking at
video. There are in most cases no actual way of knowing how the observed driver perceived
the situation, and what they were thinking about just before it happened. Some studies such as
the 100-car naturalistic driving study has attempted to classify behaviors such as daydreaming
(Neale et al., 2005), but it is doubtful whether this is actually feasible.

This in turn means that these types of studies might not be very useful when it comes to de-
termine what specifically and in detail can happen during an accident or a conflict. This limits
their use for theoretical studies of for instance the psychology of accidents or conflicts. At a
first glance, it might seem that this means they might not be very useful for anything, at least
not when it comes to designing safety measures. However, there is at least one area where it
can in fact be sufficient, and possibly better than other methods of data collection, and that is
the design of active safety systems.
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Since active safety systems, typically installed in cars, can only gather the information they
need in order to function from sensors and similar, they will not have access to any information
that can not be collected in a naturalistic driving study as well. The systems will not be able
to determine any mental states that are not observable any more than a human observer will. It
also will not matter for such a system if, as an example, the driver is driving too fast because
he/she is in a hurry or if it is because he/she is sensation seeking. Its job is to determine when
a situation is dangerous and take actions to lower the danger.

When such systems are tested however, it is important to know in what situations danger tend to
arise so that no such situation is left untested. This will lower the potential for surprises when
these systems become commercially available and end up being put to the test “in the wild”.

The underlying reasons to, for instance, behavior that is undesirable in a given situation might
of course be crucial in predicting how the system will be accepted by its users. Therefore it is
necessary to know what is known to be factors in these situations so these can be taken into
account when doing for instance user tests, and this is where DREAM as a predictive analysis
model can come in handy.
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5.2 Designing prototypical situations

After the data collection, the analysts should have a number of situations for which the relevant
knowledge has been collected and sorted with help of the observation protocol. The data that
should now be available is:

• The Common Performance Conditions

• The genotypes determined to be present

• The genotypes determined to be very unlikely

• Anything noteworthy about the event

• A narrative along with a drawn overview of the situation together with the traffic topol-
ogy.

Note that some fields will most likely be marked as unknown for the reasons discussed above.
This is a natural consequence of this type of study, and the method presented will account for
that.

Common Performance Conditions

Starting with the Common Performance Conditions, in addition to filling in the relevant knowl-
edge of the situation, each condition should also be evaluated on whether it increases the de-
mands on the driver-vehicle system, aids it through for instance reduced complexity, or whether
it can be assumed to be neither supportive or extra demanding. For instance, multi-lane roads
increase the complexity and cognitive demand, even more so when there are crossings, en-
trances etc. In contrast, straight single lane roads are less demanding on the driver-vehicle
system. Darkness and sight reducing weather such as rain, snow or sharp sunlight will add
additional demands, and so on.

It is suggested that each condition is filled in with two values: a text description of the rele-
vant factors, and an indication on whether it is supportive, increases demands, or neither. The
DREAM manual uses the +, - and 0 signs for this purpose. For information about what types
of circumstances are considered supportive or otherwise, the DREAM 2.1 manual can be con-
sulted (Ljung et al., nd; unfortunately in Swedish).

As for the textual description, it is preferable if the possible categories for each condition are
determined beforehand, so that there is more unity between different analyses. That is, to avoid
one analyst writing “darkness” and another writing “night”, meaning the same thing. Thus the
analyses can be more easily compared and aggregated.

For the present study, the fields under Driver environment, Experience and training, and some
under Driver performance conditions could not be determined. Preparing a study in order to
gather this type of information should however be possible in most cases. For instance, the
driver’s experience and acquaintance with the vehicle can be determined beforehand, and using
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for instance the GPS data collected during the study can help determine whether the driver is
familiar with the particular location.

An example CPC table from one conflict observed in this study is presented below:

Figure 5: Example filled in CPC table

A few comments on this table might be in order. First, determining which conditions are sup-
portive and which are not should be done without regard to what is known about the accident
or conflict. That is, even if for instance no skidding due to slippery roads happened, Road sur-
face/friction should still be marked as increasing demands (-) if the roads indeed were slippery.
Preferably, the CPC table should be filled in before learning anything more about the accident
or conflict, as it is meant to be an aid for further analysis and should be as unbiased as possible,
although this will probably not be practically feasible.

The Number of parallel activities/goals might warrant a small discussion. According to the
DREAM manual, the degree of support in this category should be determined on whether the
number of parallel goals is below, above or at the driver’s capacity. However, this will always
be a judgment in hindsight, i.e. if the driver had several parallel goals and something happened,
it might be determined to be above his or hers capacity, but the same amount during normal
eventless driving would not necessarily be considered too much or dangerous. This is rather
similar to the “human error” fallacy discussed previously in section 2.2. Instead, any obvious
activity or goal besides safe driving will be considered as increasing demands.

A similar thing can be said about obstructing elements. Whether obstructions do matter or
even will be considered is dependent on the circumstances. Take for instance the example of a
large stone next to the road. Normally if nothing would happen, this would not be considered
an obstruction. However, if there is a conflict with an animal that was standing behind the
stone before running out on the road, it would be considered important and a clear obstruction.
This is quite illustrative of how things can appear differently in hindsight, and the dangers of
hindsight bias.
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Genotypes

Next up are the genotypes. The genotypes determined to be present in the situation should be
listed, each with an explanation of what event or factor they refer to. For instance, “missing
observation” can be specified with “driver missed a stop sign”, and “misjudgment of time
gaps” with “driver changed lane without sufficient distance to other cars in that lane”. While
desirable, it will most likely be very difficult to have a predetermined set of options for each
genotype, as the variation can be quite large in some cases.

When listing the genotypes found, the analyst can create a link between two genotypes, if this
is allowed by DREAM. However, this must be supported by the observation data. It is not
recommended to make a link just because one found genotype can be an antecedent to another
one. So for instance, if the two genotypes “late observation” and “temporary sight obstruction”
are both determined to be present, it is not permitted to link these two unless there is a reason to
believe the temporary sight obstruction (such as for instance something improperly placed on
the front window) is what caused to driver to spot for instance another car too late, even though
“temporary sight obstruction” is listed as a possible antecedent for “late observation”.

As mentioned, the genotypes decided to be very unlikely to be present should also be listed. If
analyses are to be shared between different analysts, it might be in order to also write a short
motivation for why each genotype in this list has been determined to be unlikely in the situation.
Otherwise it will not be strictly necessary, as it is often self explaining (for instance, if reduced
friction is listed here, the reason for it is probably that the road friction was at normal levels),
or seen in the Common Performance Conditions.

Linking

The reason for listing the genotypes decided to be unlikely will be apparent in this part. Here,
DREAM will be used as a predictive analysis model, a function it per design is meant to be
able to carry out. At this point, every genotype found will be linked to each of its antecedents,
as long as these antecedents are considered possible from the observational data. These links,
it must be stressed, are simply predictions of what might be underlying factors, and will not
be considered as confirmed. To clearly illustrate this, these links should be clearly different in
look from established links, for instance drawn in a different color or be dotted instead of filled.
The process will be described below.

First, some may have noticed that phenotypes have not been collected in the data gathering, and
have not been mentioned in this section so far. This is deliberate and the decision to leave them
out was made because they will in the end tell you very little when applied to conflicts, and can
be confusing when considering the relation to accidents. Take for instance “too late action”. In
an accident, this might mean that one driver started braking too late to avoid a collision. This
will of course not happen in a conflict, as the definition itself state that no collision happened.
So what phenotype should a similar situation to this hypothetical accident have, when the driver
instead hit the brakes early enough to avoid a collision, but not early enough to avoid a scary
situation? It is believed that situations like these would create too much confusion, and thus
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phenotypes are excluded. It will not matter for the analysis though, as all phenotypes have the
same links.

Instead of a phenotype, the analysis starts with a generic “conflict point”, which will most likely
be at the moment an evasive action is begun. If any of the genotypes found could be considered
the “last stage” after where the conflict is unavoidable, and this genotype is an antecedent to
the phenotypes, it should be linked to the conflict point and be used as a start.

The genotypes will then be linked to each other if and only if it is allowed by DREAM, and sup-
ported by data, as mentioned. If a genotype is determined to be present, but has no antecedents
or precedents known from the observation, it should be placed by itself.

Next, every of the possible possible antecedents to each confirmed genotype should be looked
up in the manual (Wallén Warner et al., 2008b). Those that are not determined to be unlikely
from the observation should be linked with a “potential link”. A decision has to be made at this
point, whether the possible genotypes themselves should be linked further with their possible
antecedents. In most cases, this will probably not be necessary, but if analysts feel that more
possibilities should be assessed from the uses cases (for instance both fatigue from physical
exertion and from irregular working hours), then the analysis can be made more detailed. As
the normal stop rules of DREAM can not always be applied however, this should be done with
caution to avoid too large analyses.

Here is an example from one of the conflicts found in this study where the driver did not notice
a car entering his/her lane from an intersection (see Appendix 2 for the filled in observation
protocol leading to this analysis):

Misjudgment
of

situation !

Inattention
Fatigue

Psychological stress

Priority error
Psychological stress

Inattention
Fatigue

Expectance of
certain

behavior

Late
observation

Figure 6: Example DREAM chart with potential links

A couple of things might be noticed here. First of all, as also mentioned in the section about
DREAM, genotypes can have more than one antecedent. As seen here, “misjudgment of sit-
uation” has two confirmed antecedents and four possible ones. Another thing to notice is that
some of the antecedents to “late observation” and “misjudgment of situation” are the same.
This is as it should be, as they are possible antecedents for both, and since it is not known if
any of them were indeed factors, it can not be known which other genotype they would have
led to. It is also not especially important for the purpose of this method to know this, as testing
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for the effect of latent conditions require them to be present, but it can not be controlled how
they will affect the process in such detail.

The reasons for creating these analyses are several. First and foremost, it is important to sep-
arate different events as much as possible, that is, every difference in every event must clearly
be seen in its resulting analysis, as otherwise there’s the risk that events with only superfi-
cial similarities will appear as almost identical when the analysis is structured. The Common
Performance Conditions will also aid in avoiding this, but these alone are not assumed to be
sufficient.

Second, these potential links have another use, which is as a visual reminder for analysts what
type of factors or connections has been seen by researchers to have the possibility of leading to
the effects seen in the actual situation. This will be a helpful aid when testing new systems, as
it is important to test for as many possible combinations of factors as possible in order to avoid
surprises later on.

Naturally, the gains from this process and how well it predicts real processes that have a chance
of happening is very dependent on how well based in the current research the DREAM frame-
work is. This will be discussed more, further on.

Classifying event types

Finally, the course of action during the event will have to be properly codified. To aid with this,
there is the narrative along with the drawn diagram of the situation with the traffic topology
and the trajectories of the involved road users. The traffic topology and vehicle trajectories can
be sorted in to pre-determined categories. Such a classification system has for instance been
used in the SafetyNet European Union project (Reed and Morris, 2008), containing 79 different
accident or conflict types, many of which have several subtypes.

Figure 7: Event type for above conflict, adapted from Reed and Morris (2008)

Unless the classification system used has all important situational variables inherently, it will
be important to represent these in some way. These variables are things such as traffic lights,
number of lanes, road maintenance or anything out of the ordinary happening in the vicinity.
Once again, this is so that every possible detail about an event that might be relevant is included.
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Time

There is one more variable that is optional and has not been mentioned yet, nor has it been
accounted for in the observation protocol, and that is time. The reason for this is the fact that
how and when it should be measured, if it is at all considered relevant, will vary a lot depending
on for instance what type of active safety system is tested. There is also no established method
of introducing time to DREAM, although there has been some discussion of the possibility
(Ljung Aust, 2009). For the purpose of testing active safety systems however, it is a very
important part, and although the needed time windows can be determined in other ways, it
could be interesting to have an idea of how much time is usually available in the situations the
system will be tested on.

To measure time properly, there has to be a proposed system that is meant to activate and in
one way or another work to prevent the situation from turning dangerous. As is also mentioned
earlier, some systems rather seek to aid in already critical situations; these systems might ben-
efit more from a different method. To illustrate how time can be used, let us reuse the conflict
described above and a (probably) fictional active safety system. This system works in intersec-
tions, and warns the driver if he or she approaches it with such speed that braking comfortably
can be difficult when the system has detected a car attempting to enter the intersection from
another direction.

Looking at the genotypes, no view obstruction is mentioned, and thus the system should be
able to detect the other car at some point before it is too late (a reminder once again that this
is a purely made up system for illustrative purposes, and things such as feasibility with current
technology will not be considered more than to avoid ludicrous ideas). Then, the time variable
needed is: given the speed of the car with the system installed, what is the time window between
detection of the other car and when the first car would have to start braking in order to avoid
a conflict (that is, to perform a planned rather than an abrupt brake). Using the terms from
COCOM (see Defining conflicts section) might be apt, as DREAM is partly built on it.

Thus, the values might be represented as T1A (time from when other car is detected) and T1W

(time to respond to event). From here on, when the system is tested, the driver has a new event
to respond to, which is the system warning. The system would then have to warn the driver
so that there is enough time to react to the warning (T2E), decide how to interpret the warning
(T2S), and to perform a controlled brake (T2P). These three variables put together need to be
smaller than T1W for the system to be effective. While T2 can only be determined when actually
testing the system, knowing what values T1 may take could be useful.

The possibility of measuring these time periods is a great strength of using video material as
opposed to on site investigations and interviews, as it provides a lot more detail than would
otherwise be possible. Which times that should be measured however, will depend so much on
both the situation and the system that is meant to be tested that it probably can not be part of
any generic data collection. The situations will either have to be gathered for a very specific
purpose, or be returned to once there is one.
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Aggregation

The main purpose for the standardization of variables and values that has been stressed in the
description above is that it is important that these analyses can be aggregated in order to be of
any actual use. One situation, no matter how interesting, will not tell analysts anything else
than that what happened has happened at least once. This is of course not sufficient for telling
what type of situations a system might have to regularly face and be able to handle.

To aggregate analyses, first a subset of the total number of analyses will have to be picked out.
This can be done based on one or more criteria, and will depend on the purpose and the system
that is being tested. To continue with the fictional system above, a possible sorting criterion
could be “intersections with missed observation” or more specific “intersections with right of
way for car going forward, missed observation without any obstruction, daytime, no special
weather conditions, healthy and experienced driver”. These are just examples to illustrate the
options available, and the importance of collecting as much data as possible. As can be seen,
the second criterion listed would need data from the CPCs, the genotypes, the traffic topology,
the vehicle trajectories and the factors determined to not have been present.

For the CPCs, it should be determined which ones are important and which ones that can be
allowed to have different values in order to be included. For instance, for the system above it
might not matter whether the road is slippery or not, so that variable would be allowed to vary,
i.e. situations will be included no matter the value of this variable. Since the particular test case
would include daytime only, this variable is required to have that value.

However, when left with a final set of situations, the variables that were not used for culling
should be represented in the form of their distribution, i.e. in 10% of the situations the roads
were slippery. Given a large enough set of conflicts, this might also tell something about
the distribution of factors in conflict situations in general. This is of course very dependent
on designing the study so that the results are as representative for the general population as
possible.

The genotypes and their links for the final set of situations should then be aggregated, both the
established links and the potential ones. The process of aggregating DREAM charts has been
detailed in Jesper Sandin’s Ph.D. thesis (Sandin, 2008). Basically, the charts are overlaid on
each other, and more frequently appearing links will be highlighted by bolding. The thickness
of the lines will show how common they are. This will illustrate the common processes in
these types of situations, and should therefore help analysts and designers determine what
the common problems are. As the potential links should also be included, the frequency of
these will also be shown, which might provide a clue about which of them are more likely to
have been factors in these situations. Caution should however be taken in order not to assume
something there is not support for in the data. Every assumption that can not be supported
directly by the data should be tested first.

The aggregated data can then be transformed into a narrative that will form the use case to be
tested. Sometimes it might be appropriate to split the final subset further, for instance based on
traffic topology, as only one type can be tested at the same time. If the aggregated data shows the
features mentioned here to be common, a narrative for the fictional system previously described
could be something like this:
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Setting: Urban
Time: Day
Driver: Healthy, but possibly fatigued or absent minded
Allowed speed: 50 km/h
The driver drives on a two lane road with right of way, keeping the speed limit, and approaches
a t-intersection, with a smaller road turning right. The other road is between two buildings
or otherwise partly obscured, but a car entering the intersection from there can be spotted
approximately 75 meters before. This is also where a system warning could fire. In this case,
a car is coming from the right, and for some reason enters the intersection, even though the
subject vehicle is approaching.

Possible test questions or variables:

• When should the system warn and in what conditions?

• Should it sense whether the driver is taking any precautionary action such as slowing
down, and if he/she does not, at what point will it have to warn in order for the driver to
be able to perform a planned brake?

• How annoyed will the driver be if the system warns even though he/she was in control of
the situation?

• Will drivers with any form of cognitive impairment (fatigued, stressed, etc.) react differ-
ently?

This situation could then be modelled in a simulator, or any environment that allows a sufficient
degree of variable control. When more detailed information about how the system works in
these situations have been obtained, it could also be possible to perform a Field Operational
Test and equip several cars to be observed with the system. Situations like these could then
be found in the material, for instance through a log of system activation. It can then be seen
whether the assumptions made from the controlled studies will also apply to normal driving in
real situations.

Accident data

Another possibility is to compare the aggregated charts with analyses of accidents performed in
the same way and aggregated in the same manner. This is one of the strengths of the DREAM
framework, as its structure allows for easy comparison between different analyses and analysts.
Given that there exist charts compiling the most common accident processes and factors for a
given type, these can be compared with the charts produced through this methodology, which
could give a hint on whether accidents and conflicts follow the same basic processes, and if
not, what the key differences are. One attempt at producing accident causation patterns through
DREAM was created as part of the SafetyNet European Union project (Björkman et al., 2008).

If it can be confirmed that accidents and conflicts have generally similar causation patterns, then
that would provide validity to conflict studies with the explicit purpose of determining accident
rates using conflicts as a surrogate measure, such as the Swedish Traffic Conflict Technique
(Hydén, 1987).
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Reliability and validity

The reliability and validity of the DREAM-N method presented above is very dependent on
DREAM as it is its underlying framework and DREAM-N uses a lot of DREAM’s methodol-
ogy. As has been mentioned earlier, there has been an attempt to validate the links in DREAM
through a literature study (Wallén Warner et al., 2008a). DREAM has also undergone several
revisions in order to best reflect current research and to be more straightforward to use. As long
as DREAM is going to be used, it is very important that this process continues, especially when
the purpose is, as in the methodology presented here, to help in the development of brand new
systems.

Even if there are no “official” updates to DREAM, the model is designed to be easily extend-
able. New genotypes and links can be added if there are strong research results supporting it.
Thus analysts can and should strive to always have a model that is up to date with the latest
research.

It is important that inter-coder agreement is reasonably high, especially if multiple analysts are
going to work on the same project, which given the amount of conflicts needed to draw any
conclusions is most likely going to be necessary. A recent study testing inter-coder agreement
for DREAM analyses found that the agreement for genotypes varied between 74-93% with
an average of 83%. This was considered an acceptable level, and it was speculated that further
training of analysts could bring the numbers up even higher (Wallén Warner and Sandin, 2010).

Another part that is going to be important is to make sure there is a reasonably high agreement
between the analysts who will look at the material from the naturalistic driving studies in order
to determine what constitutes a conflict and what does not. As no objective measure has been
found sufficient for this purpose in this study, training and testing of agreement, both inter-coder
and intra-coder, for the analysts is crucial.

Therefore it is suggested that before analysts start to classify events found in the naturalistic
driving study, they are given a sample of situations, with some “normal”, i.e. not found through
any trigger and not conflicts amongst them, and are individually asked to rate them as either
conflicts or not conflicts. If there is any uncertainty about whether there will be good agreement
for other ratings, such as any of the Common Performance Conditions, the analysts could be
asked to rate those as well. Their decisions can then be compared, and if they are found to
be in reasonable agreement, and if the “normal” events are classed as such, then the study can
proceed with sufficient confidence.

Another thing to take into consideration is how large a naturalistic driving study would have
to be in order to provide a statistically significant amount of conflicts in order to draw any
conclusions about the general population. If the number of observed conflicts is too small, they
can not be said to represent the general population. The same goes for the choice of participants
in the study, whether they can be said be representative. And even if they are representative
as far as general demographics such as gender, age etc. goes, are the routes they tend to drive
representative, and are their attitudes towards driving representative? Perhaps people who are
willing to participate in such a study are in some way different. The point is that there are many
questions which all have to be taken into account when planning and designing for the purpose
illustrated here, some of which are common for all experiments in general, and some which are
more specific for this type.
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6 Conclusions

In this study, a suggested method, named DREAM-N, for creating prototype cases for testing
active safety using data from naturalistic driving studies has been proposed. This method uses
conflicts rather than accidents, as conflicts are a lot more frequent and are believed to share
a lot of the same characteristics found in accidents. The DREAM framework was adapted in
order to analyze and categorize the information found from the conflicts. The adaptations were
made to fit the purpose of creating use cases, and to be useful with the types of data that can
be obtained from naturalistic driving studies. This meant using DREAM partly as a tool for
predictive analysis, a function it per design can provide, but which has not been previously tried
in any study known to the author.

In order to extract conflicts from the large amounts of data normally provided by naturalistic
driving studies, the idea of using jerk as an indicator of abrupt braking was explored. Since
previous studies had shown that acceleration force alone is not a reliable measure, and as other
studies had shown that jerks tend to look different in conflict brakes than in planned brakes,
jerks seemed like a promising method to lower the number of false hits. As it is believed that
the vast majority of conflict events contain braking as an evasive maneuver, measuring jerks
was speculated to be a good way of finding these.

This study also attempted to test whether jerks could be reliable as part of providing a concise
definition of a conflict, speculating that drivers would not willingly expose themselves to the
forces associated with powerful jerks. This would mean that when these jerks are found, it
meant the driver took an emergency action rather than a planned one.

As for using jerks as part of a trigger to find relevant events, the result was a moderate success.
While the number of false hits was still higher than preferable (about 4.5 false hits per real
one), it performed reasonably well. It is common for triggers in these types of studies to
have a very low hit rate. The results also showed that the false hits (non-conflicts) actually
were indistinguishable from the real ones in terms of speed, acceleration and jerk, suggesting
that triggers based on these measures might not get a lot more accurate with the method of
calculation used in this study. Further research will have to show whether these signals can be
processed in a better and more efficient manner, in order to get a lower ratio of false to true hits.

The idea to use jerks as part of a conflict definition fared a lot worse however. Many irrelevant
events could lead to powerful jerks, whether due to the characteristics of the equipment used or
otherwise. This means that jerks themselves are not necessary an indication of an unplanned
and abrupt braking, although those types of brakes do result in powerful jerks. The concept of
control as central to the conflict definition is still relevant, but measuring jerks is not a good
way to operationally define it.

The found conflicts and the resulting suggested methodology could not actually be tried in
order to create a use case for an active safety system. This is partly since the material was
far too small for this purpose and also because it is out of the scope of this study. However,
the discussion should show that there is potential in using this procedure, and that DREAM
as a tool is useful in informing and organizing the analysis. Using the modified version of
DREAM presented in this study along with naturalistic driving data also gives access to useful
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information not found in normal accident or conflict investigations, such as details of time, and
objective data not obfuscated by the inherent unreliability of event participant interviews.

It is suggested that material from a larger study with higher control of participants along with
more carefully gathered data should be used and analyzed in the manner described in this
report. This could for instance provide more information about how conflicts are distributed, in
terms of for instance geography, demographics, traffic topology, and causality, and if there is a
possibility for comparison, also how similar their distribution is to that of accidents.

In conclusion, while this study certainly will not singlehandedly solve the question on how to
best test active safety systems and how to use naturalistic driving studies in order to learn more
about traffic safety, there should be some insights and suggestions that could in the long run
contribute to more sophisticated methods and inspire new developments in the fields of traffic
safety and active safety systems.
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Häkkinen, S. and Luoma, J. (1991). Liikennepsykologia (Traffic Psychology). Hämeenlinna,
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A Appendix 1 - Observation protocol
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B Appendix 2 - Example filled in observation protocol

A

B

A has right of passage
B enters A:s road, forcing A to brake
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