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Abstract  
Simulators are being used for a wide variety of purposes, not least for vehicle simulation as an 
aid in driver behaviour analysis. Common values to be measured are reaction times such as brake 
and steer reaction time. One problem with monitored simulator studies is that there are a limited 
number of test drivers. With only 50-100 test drivers, presented reaction times from the studies 
are often mean values. From a safety analytic perspective, it would be more interesting to show 
the entire distribution of values. The unmanned simulator at Universeum gives a large number of 
test drivers (~40k / year) which makes it possible to investigate entire distributions of values. 
  
Another benefit with the unmanned study at Universeum is that drivers tends to act more 
natural than in a monitored study, where drivers are aware of that they are being observed. On 
the other hand, the fact that users are not being observed, lead to a lot of questionable data. 
Drivers are exploring and do not behave as they would in real traffic. 
 
The main objective with our thesis project has been to find algorithms to extract trustworthy 
data from the simulator. It has been proven that there are large amounts of data that can be used 
for driver behaviour analysis. Methods to calculate common measures used in traffic safety 
analysis have been developed.  
 
An updated simulator software, better adjusted for an unmonitored study, has been developed 
and installed in the Universeum simulator. 
 
Summaries from the different scenarios in the simulator 
 
K2 Summary 
There are quite few drivers in the K2 scenario where a brake signal has not been registered at all. 
This is the main issue with the scenario and the explanation to this is that the scenario is very 
sensitive to the speed kept by the user. Speeding drivers will not experience the situation at all 
and since so many drivers are speeding, a lot of data is lost. By adapting the speed of the mover 
to the speed of the driver this problem would be reduced. The sensitivity to speed is also 
noticeable in the plots as the BRT seems to have very little influence on the results. The BRTs 
span from ~0.4 seconds to 2 seconds which is in range with other studies. [P1] There are some 
drivers steering but they are not many enough to draw any valid conclusions. 
 
K3 Summary 
The K3 scenario works much better than the other crossing scenarios, producing measurable 
data at a much higher rate than the other scenarios. This is probably thanks to the MeetAtPoint 
function which takes the drivers speed into consideration. The wider acceptance to speeds in the 
scenario gives better possibilities to analyse the impact of BRT and deceleration on the result. 
There are some drivers steering but they are too few to present any valid distributions. 
 
K5 Summary 
This scenario gives the least percentage of valid files among the K-scenarios. This is due to the 
very high urgency in the scenario. This together with the fact that the speed of the mover is not 
adapted to the speed of the driver allows very few drivers to actually experience the scenario at 
all. By adapting the speed of the mover to the speed of the driver, drivers will be able to 
experience the situation at a much higher rate than before. There are very few drivers steering 
instead of braking. Interesting is that, remembering that there are very few entries to investigate, 
the steering option has been quite successful in this scenario compared to the other K scenarios.  
 
 



U1 Summary 
The percentage of valid files from this scenario is at the same level as the other scenarios, i.e. 
quite low. The reason to the low percentage in this scenario is however not the speed kept. One 
big loss is the drivers which chooses to overtake the braking lead car and therefore fails to enter 
the situation as intended. The other problem is the distance between the lead car and the driver. 
The distance between them as the lead car brakes varies a lot and the BRT´s will therefore also 
vary. There are almost no drivers that try to steer away from the car instead of braking. 
 
U4 Summary 
The percentage of files where a brake signal has been registered is in level with the other 
scenarios. One explanation to the few registered brake signals is, as in the U1 scenario, that a lot 
of drivers choose to overtake the lead car and will therefore not experience the scenario at all. 
Overall the U4 data and results are questionable. Even when normalising the BRT by TTC no 
satisfying distributions can be found. The amount of files holding the U4 scenario (1761 or 23 % 
of all scenario files) are also remarkable high. And apart from the files holding a full scenario, 
there are a lot of files that holds only U4 start messages without any stop messages. This 
indicates that the U4 trigger points are trigged even when they are not supposed to. This will be 
investigated and discussed in chapter 3.1.5. There are a few drivers steering, an option that has 
proven quite successful in this scenario.  
 
M1 Summary 
The urgency in the scenario is low, which makes it possible for drivers to avoid a collision 
without steering. The lane position does not play any significant role on the type of reaction, but 
many drivers have a lane position to the right. A high amount of drivers have an offset which 
gives them a position more than 0.5 meters out on the road verge. The road verge is 3.2meters 
wide, which is much wider than in reality. The explanation to the high number of drivers that 
drives on the road verge can be that the width of the lane (3.2 meters) corresponds to the width 
of a road with speed limit 70km/h. Drivers may experience the road as narrow at a speed around 
90km/h and therefore sometimes choose to drive on the road verge, which looks perfectly fine 
to drive on. [D] If the verge were less wide and looked less appealing to drive on this behaviour 
would probably be reduced. In reality the road verge on a road with a speed limit of 90km/h is 
50cm. [I5]  
 
It was not possible to use the SWRR measure to analyse the driver behaviour. The SWRR is 
higher on parts of the road where it is more difficult for the driver to follow the road as in long 
turns. The SWRR increases linear as the speed increases but are too spread to make any 
conclusions from.  
 
M2 Summary 
The urgency in the scenario is high. It is hard to avoid a collision without steering. The lane 
position does not play any significant role on the type of reaction, but many drivers have a lane 
position to the right. It is not a normal behaviour to drive on the road verge and the meeting 
situation occurs in a left curve and a lane position to the right is not expected as many drivers 
would like to cut the curve, giving a lane position to the left. Despite the initial lane position, the 
most common type of reaction is steering right. 3,6% of all drivers are out on the grass (out of 
road).  This can be considered as a high amount and probably depends on the wide road verge 
and the flat grass area, which looks perfectly fine to drive on. As in the M1 scenario, the wide, 
fully driveable, road verge is probably the reason to why 78% of the drivers choose to drive a 
least 50cm out on the road verge as they try to avoid the situation. Another explanation to the 
high number of drivers that drives on the road verge can be that the width of the lane (3.2m) 
corresponds to the width of a road with speed limit 70km/h. Drivers may experience the road as 



narrow at a speed around 90km/h and therefore sometimes choose to drive on the road verge, 
which looks perfectly fine to drive on. [D] 
 
It was not possible to use the SWRR measure to analyse the driver behaviour. The SWRR is 
higher on parts of the road where it is more difficult for the driver to follow the road as in long 
turns. The SWRR increases linear as the speed increases but are too spread to make any 
conclusions from.  
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1 Introduction  

1.1 Background  
 
Monitored simulator studies tend to test only a few drivers, often less than 100. Data from these 
studies are presented as extrapolated mean values since there is not enough data to show full 
distributions. The extrapolated mean values are a problem when examining the impact of active 
safety system or when trying to locate and identify different driving behaviours. The advantage 
with having data presented as distributions is that it is possible to locate small groups of drivers 
with a certain driver behaviour. With data presented as mean values small variations, like the 
behaviour of a certain group, are lost in all the other data.  
 
The Volvo XC70 Simulator at Universeum has gathered as much as 43 007 log files during a 
period of one year. This gives an unusual and uniquely high amount of driver data that can be 
analysed. The driver data can and will be presented as entire distributions rather than just mean 
values. The results could be used to determine how many drivers that can be helped by the usage 
of different active safety systems. The scenarios are originally designed for a monitored study 
where drivers tend to driver unnaturally controlled and careful. Therefore, scenarios are adapted 
to a slightly lower driver speed than the speed limit of the road. In the Universeum simulator 
drivers tend to drive a bit faster than the actual speed limit and the scenarios might therefore not 
function as intended. The driving behaviour does also vary a lot from driver to driver. The 
software is updated and scenarios are adjusted to better function in an unmonitored study. 
 
 

1.2 History of Volvo Cars 
 
Volvo Car Corporation was founded 1927 in Sweden and was formed as a subsidiary company 
to the ball bearing producer SKF. In 1935 Volvo AB was introduced at the Swedish stock 
exchange and SKF sold out most of its share in the company. From 1935 to 1998 Volvo Cars 
was owned by AB Volvo and in 1999 the company was acquired by the Ford Motor Company. 
Volvo Cars is a premium automotive manufacturer and directly competes with brands such as 
Audi, BMW, Mercedes, Lexus and Saab. 
 
Volvo Cars has a reputation as a manufacturer of safe and comfortable cars. Among many safety 
landmarks the laminated glass and safety cage (1944), the 3-Point Safety Belt (1959), the first 
rear-facing child seat (1964), rear seat safety belts (1967), side collision protection (1973), high-
mounted central stoplight (1980s),  ABS anti-locking brakes (1984), first three point seat belt for 
the rear back seat (1986), the Side Impact Protection System (1991), passenger airbag in the front 
(1992), Whiplash Protection System (1998), the BLIS system that detects vehicles in the blind 
spot (2004), Adaptive cruise control with a collision warning and brake support (2006) and Lane 
Departure Warning System (2007) can be mentioned.[I6] [I7] [I8] 
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1.3 Universeum 
 
Universeum is a science discovery centre, located in the heart of Gothenburg next to the 
amusement park Liseberg. Visitors can discover and learn how human, nature and technology 
interact with each other. The installations at Universeum provide both amusement and 
educational experience to its users. It complies with the idea of learning by discovering. At the 
same time, scientists can get valuable information as the users interact and react to the 
installations and environment. The founders of the project are among others the Swedish 
universities Chalmers and The University of Göteborg. Other partners are Ericsson AB, SAAB 
AB and not least Volvo AB / Volvo Cars. The Volvo XC70 simulator is a part of the “Krash, 
bom, bang” exhibition. In this exhibition the visitors are getting informed about how speed, 
force and safety affect you in the traffic. Apart from the Volvo XC70 simulator there are other 
devices that tests reaction times, a very popular Swedish police car etc. Participants in the 
exhibition are Volvo AB, Volvo Cars, The Swedish Police, Vägverket, STR- Sveriges 
Trafikskolors Riksförbund and others. [I9] 
 

1.3.1 Goals 
There are two main goals of this thesis. The first is to investigate if an unmonitored simulator 
study gives relevant and reliable data that can be used for traffic safety analysis. In particular, 
typical driver behaviour and reactions in different traffic situations should be analysed.  
 
The second involves improving the scenarios in the simulator. With the original analysis as basis, 
a number of improvements should be performed with the goal of increasing the amount and 
quality of the logged data from the driving scenarios in the simulator.  
 
The work process can be described in a number of logical steps: 
 

1. Sorting of log files and securing data quality, leads to 
2. a base for analysis, which leads 
3. to different methods and parameters to investigate for each scenario, which gives a 
4. result and qualitative analysis of weaknesses in each scenario, which give 
5. possible solutions to improve the functionality of the scenarios and quality of log file 

data. 
6. This leads to software updates and implementations of these. The new data 
7. is analysed to measure the results of the software updates and scenario improvements. 

 
 
. 
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1.4 Overview 
 
The report consists of three major parts. First we discuss our analysis, then the simulator updates 
and in the last part we present our result from the updates, e.g. analysis of new log data from the 
updated scenarios. 
 
In the analysis part we start with a discussion of the structure of simulator log files and 
limitations and simplifications used. Scenario structure and explanations to the different 
scenarios are presented. We explain how we use VB-Scripting to sort log files after scenario, how 
data quality is guaranteed and how data reduction is performed. Explanation of different 
measures used in the analysis is followed by analysis method and criterions set for different 
scenarios. At last we present the analysis result and possible updates.  
 
The second part explains which, how and why updates are performed. The reasons to why some 
suggested updates have not been performed are presented. 
 
In the third part we present the result from the analysis of log data from the new software. We 
discuss how the software update has improved scenarios and quality of log data. Possible 
updates for the future are discussed at last. 
   

1.4.1 Definitions 
To reduce further need of explanation, some terms often used in the report are introduced. 
The test person, the person currently driving the simulator would be referred to as driver. The 
other vehicles in the simulator world, the computer controlled vehicles would be referred to as 
movers. Drivers of 0-17 years of age are referred to as under aged drivers and drivers of 18-99 
years of age as adults. The use of RT (Reaction Time) is used both for Brake Reaction Time 
(BRT) and Steering Wheel Reaction Time (SWRT) depending on the context. Log files that 
contain a whole scenario, with all log messages needed, and with driver performance criterions 
applied, are referred to as valid files. 
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1.5 The XC70 Simulator 

1.5.1 History of the XC70 simulator 
 
Safety is one of Volvos highest priorities and a wide research about driver behaviour is done to 
develop active safety systems. In the late years, a big amount of this research is performed in a 
simulator environment to simulate how drivers behave and reacts to critical situations. 
Traditionally, simulator studies are carried out with a limited number of people that are aware of 
the research and that their actions are being monitored. This can be a problem, because test 
drivers tend to drive a bit slower and “behave” in a more “correct” way in a simulator than in 
reality. Drivers are aware of that critical situations will occur, and this combined with instructions 
from the test leader, can increase the fact that test drivers behave better than in reality (lower 
speed, higher awareness etc). [E2] 
 
In September 2006 a Volvo XC70 simulator was installed at the Universeum in Gothenburg. 
The simulator is open for all visitors at the Universeum, which gives far more test drivers than a 
monitored study. From the start to September 2007 43 007 people have driven the simulator 
which gives a uniquely high amount of test drivers including several different types of test 
drivers. The simulator will remain at Universeum until September 2010 and will give useful 
information about driver behaviour to develop safety solutions. 
 

1.5.2 The simulator environment 
The xc70 simulator consists of a half xc70 car. All the instruments and controls remains from 
the original car. In front of the car, visible through the windshield is a projector screen where the 
simulation is projected. The rear view mirrors are visible on screen.  
 

 
 
Figure 1 - The simulator welcome screen 
Left: Picture taken from inside the simulator. Some maintenance work is being performed, showing the linux 
environment. Right: The instruction screen 
 
 
When the visitors at Universeum enter the simulator, the welcome screen is visible on the screen. 
The welcome screen gives some information about the project and asks the driver to drive in its 
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own lane, keep the speed limit and always drive straight in crossings unless other instructions are 
given. Finally, the driver is instructed to use the accelerator to continue. As the driver does so, 
the profile selection screen gets visible. The user is asked to choose his age, gender and whether 
he or she has a driver license. This choice is made by altering between the choices with the 
steering wheel, confirm with the accelerator or go back with the brake.  
 
To be able to sort out unreliable data, the system is set up for this already at this stage. If a user 
only accelerates through all levels of choice, he or she will end up logged as a 12 year old male 
with a driver license. There is no way to confirm if a driver has given the correct information 
about himself or not but this way at least some unserious drivers can be sorted out. 
 

 
 
Figure 2 - The profile selection screen 
 
After choosing the last available choice, “drive”, the simulation starts at one of the randomized 
starting positions. Upon start of simulation is also a log file created and all parameters are written 
to this file until the session is terminated. 
 
There are other criterions built into the system to secure, at least some, quality of driver 
behaviour. Speeding is not allowed and if the driver keeps a speed higher than 20km/h over the 
speed limit a screen gets visible telling the driver to slow down or the simulation will be 
terminated. Another criterion is that if the driver drives more than 30 meters away from the road 
the simulation will end and no log file will be saved. 
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1.5.3 Hardware and software system 
 
The development of the simulator software started as a thesis project by Stefan Hallin (~93, 94). 
Stefan later founded the company Clarus which became Prosolvia Clarus. Prosolvia Clarus was 
the simulator and visualization department of Prosolvia. Prosolvia went bankrupt at the turn of 
the year 98/99 due to accounting in compliance with the accounting rules. The knowledge and 
simulator software from Prosolvia was acquired by Volvo Technology where the development 
continued. [E2] 
 
From the beginning the software was written in ANSI C together with OpenGL Performer. 
OpenGL performer is a programming interface for developers that can be used for real-time 
visualizations and other performance-oriented 3D-graphics applications. It does also provide 
high-performance scene-graph and rendering systems. Apart from the usage of OpenGL 
Performer there are also some pure OpenGL implementations in the code. [I10] 
 
In 2005 the code started to get encapsulated with C++ code as new functions required this. 
Today, the usage of the software is starting to reach its limits and Volvo Technology has plans to 
develop a totally new software or at least rebuild big parts of the original software. One major 
update would be to implement an AI – system for the computer controlled movers. The movers 
can be given information about traffic rules and knowledge about the positions of objects and 
other vehicles in the simulation. Based on that information the aim is to get the movers to be 
able to manoeuvre around in the world on their own in an intelligent way.  
 
The XC70 mock up at the Universeum consists of two powerful Dell Computers. One is 
running windows and handles the input from the simulator. The signals from the pedals and 
steering wheel are then sent to a second computer. The second computer is a Linux Fedora 
based machine which runs the simulation software. The accelerator, brake and steering wheel 
inputs are used in the simulators software physical engine. The result is acceleration and 
direction in which the driver is heading. From these parameters all other parameters are 
calculated and visualized.  
 
Installed in the mock up are also a speaker system and an amplifier. These are used to play 
simulation sound as the engine sound and instructions.  
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1.6 Introduction to the scenario controlling script-language 
A scenario is a name for the part of the simulation that holds a critical situation. There are seven 
different scenarios reflecting situations where it is most common that collisions between two 
cars occur. Which scenario the driver will be tested for is determined by a randomize function. 
 
A scenario consists of a single or collection of events. These events can be divided into two 
categories [D7]: 
 

1. Mover Vehicle commandos. For example speed of the mover etc. 
2. Sound. For example driving instructions given to the user. 

 
The location of the scenario is static along a given road. The roads are given in both polygonal 
format and as a line, called a path. The simulated road consists of a collection of these paths. The 
movers can be instructed to drive a predefined route. 
 
An event (i.e a scenario) can be started, or trigged in a few different ways: 
  

1. The driver passes a point, located at a predefined position in the simulated world. 
2. Another, linked event or action is finished 
3. Upon start of application (as soon as the simulation begins) 

 
All these parameters can be set and modified in a configuration file. The configuration file is 
built like a script, making it easy for administrators of the simulator to change the simulations or 
upgrade them without knowing anything about the actual system code or compilator.  
 
Basically, the configuration file is built up as tasks which are applied to the driver or the mover 
when a related trigger is set: 
 
mover: 
 <name of the mover file> 
scenario: 
    task: <task type> <parameters> 
    trig:  <trig type> <parameters> 
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1.6.1 Task types 
There are a number of different tasks that can be used to control the mover vehicle. There are 
simple, basic commands and there are more advanced commands. The commands used in the 
simulator software and commands that are thought to be useful are presented.  
 
Basic commands 
 

• SetSpeed <wildness>: This is the most basic command of all. It gives the mover a 
percentage (wildness) of the speed equal to the speed limit of the road. The 
speed is set to the given speed without taking any physics into consideration at 
all. In other words the mover will propel itself at the given speed immediately. 
This would look very unrealistic and can only be used if the mover is invisible 
to the driver when the commando is given. 

 
• Drive <wildness>: This commands works as the SetSpeed command but it uses 

the cars physical engine to accelerate to the given speed. This commando will 
give the mover a realistic behaviour. 

 
Advanced commands 
 

• MeetAtPoint <path> <path dist> <relative dist>: This command tells the mover to 
try to have a certain relative distance between itself and the driver as they 
reaches a geographical point located a given dist in on the given path. 

 
• KeepDriverSpeed <end at driver path> <end at path distance> <dist>: This 

commando tries to copy the drivers speed by affecting its 
acceleration/deceleration. 

 
• KeepDist <end at driver path> <end at path distance> <dist>: This commando tells 

the mover to try to keep the given distance between itself and the driver. 
 

• KeepHWT <end at driver path> <end at path distance> <HWT>: A command 
similar to the KeepDist command but in this case the mover tries to keep its 
Head Way Time to the driver instead. The head way time is similar to the Time 
To Collision and is continuously calculated as the time it takes for the driver to 
reach the point where the mover currently is located.  

 
• ChangeLane <first turn dist> <stay for dist> <turn back dist> <lane width>: This 

command can be used to get the mover to change lane. Can be used for 
example in overtaking scenarios.  
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1.6.2 Trig types 
The points defining different geometrical positions in the world consists of areas of different 
size. When the driver or mover enters one of these areas the car in question is considered to 
have reached that point in the world. Where higher precision is needed the area is defined as a 
circle with a radius of 3 meters – ExactPoints. Where it is enough with lower precision the area is 
given as a circle with a radius of 20m - Points. 
 

 
 
Figure 3 - Trigger types 
The difference between a large point (Point) and a small point (ExactPoint) 
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1.7 Active safety systems 

1.8 Emergency Brake Assist (EBA) 
When examining the distributions of log file data it is interesting to investigate if the drivers 
would have been helped by any active safety systems. One system, which effects are easy to 
analyse, is the Emergency Brake Assist system. The brake reaction time analysis, later described 
in the report, is performed with the possible aid of the Emergency Brake Assist system in mind. 
 
In an emergency situation it is common that the driver does not put enough pressure on the 
brake pedal. The EBA system is developed to ensure that the driver applies maximum brake 
power in an emergency situation. The system detects when the driver is executing an emergency 
stop by measuring the speed and pressure at which the brake pedal is pushed. If the brake pedal 
is not fully applied the system makes sure that full brake power is used. Together with the ABS 
system this ensures that the car will decrease its speed in the most effective way. [I2] [I3] 
 
This system can be combined with other systems that help to interpret when the system is 
needed. The system can for example be put into ready state if the accelerator is released quickly 
or if an object is registered in front of the car by an onboard radar system. This kind of system 
helps to shorten the brake system reaction time and is referred to as Ready Alert Brakes (RAB). 
[I3] 
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2 Analysis of Data 
 

2.1 Log file structure 
 
Log files generated by the simulator hold a large amount of data. First of all it holds the input 
parameters from the accelerator, brake and steering wheel position. These inputs are the base for 
the physical engine in the system. From the accelerator and brake, the car is given acceleration 
and the position of the steering wheel gives the heading of the car. From these parameters 
information about speed, location in the world and other additional information can be 
calculated. 
 
The data are logged at a frequency of 60 frames/second and the system prints a new row in the 
log file every frame. Each column in a row holds one parameter. The length of the row, or the 
number of columns, can vary depending on how many movers that is in range (within 300m) of 
the driver. For a detailed explanation of the different columns in the log file, please see appendix. 
 
When a situation is trigged in the simulator, this is shown in the first column, the log message 
column. These log messages could consist of a start or stop tag for a scenario, a tag saying that 
the lead car is braking, that the target mover is visible etc. The log messages simply consist of 
information that could be useful to determine when something out of interest has happened in a 
scenario. 
 

 
 
Figure 4 - log file structure 
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The log file structure of scenario K5 is shown in the figure above. A log file consists of several 
thousands of rows and the example above is a simplification to show the structure. The start and 
stop trigger (marked as red) specifies the time space of the scenario. Other triggers (marked as 
blue) behind the start and stop trigger are of help to know when to measure reaction times etc.  
When a log message is printed is specified in the scenario application file. 
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2.2 Scenario introduction 
 
There are seven different scenarios implemented in the simulator. They represent a few different 
traffic situations in which accidents tends to appear. [P2], [D] The simulator holds three 
scenarios testing crossing situations in the city (named K-scenarios), two meeting situations on 
open roads (named M-scenarios) and two scenarios where the driver closing in on a slower 
moving lead car ahead of the driver (named U-scenarios). 
 
The scenarios in the simulator represent the most common situations where collisions occur and 
where an active safety system could be of use to prevent a collision. [D]   
 
To simplify classification of crossing scenarios there exist a few abbreviations often used for the 
most common patterns of collision. These three are LTAP/OD, LTAP/LD and SCP and 
accounts for almost 80% of all crossing path collisions. [D], [P5] 
 
Left Turn Across Path/Opposite Direction (LTAP/OD)  
This type of crossing path crash scenario accounts for 27.5% of all crossing path collisions. 
Car 1 is heading straight forward in the crossing while the other car 2 is turning left. To minimize 
the influence of the difficulties involved when turning in the simulator the driver is always car 1 
that are going straight ahead, without steering. 
 

 
 
Figure 5 - Left Turn Across Path/Opposite Direction (LTAP/OD) 
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Straight Crossing Path (SCP) 
This type of crossing path crash scenario accounts for 29.9% of all crossing path collisions.  
Both car 1 and car 2 is going straight through the crossing in their own direction. In the 
simulator the driver is car 1. 
 

 
 
Figure 6 - Straight Crossing Path (SCP) 
 
To simplify the user is always the car moving straight ahead to avoid unnecessary turning which 
have proven to be a difficult task due to limited FOV (field of view) and lack of physical 
feedback when turning/braking/accelerating. This type of situation is most common during 
daylight and in urban areas. [D], [P5] 
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2.2.1 Scenario K2: SCP  
The driver is going straight ahead in a 4-way crossing, the signals showing green light. The speed 
limit is 50 km/h. The view of the crossing path is limited due to buildings next to that path. A 
few meters before the driver enters the crossing a red VW Golf gets visible to the right, driving 
into the crossing from the right ignoring the red light in its direction. The goal is to force the 
driver to brake or steer to avoid collision.  
 
 

 
 

Figure 7 - Scenario K2 
Left: green line: path of the driver, red line: path of the mover, dotted yellow line: the building limiting the field of 
view when approaching the crossing. Right: view from inside the car 
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2.2.2 Scenario K3: LTAP/OD 
 
The driver is going straight through a 4-way crossing on green light. The speed limit is 50 km/h. 
In the opposite direction a Volvo S80 is closing in on the crossing, fully visible to the driver. 
Without signalling it turns left, crossing the path of the driver. This will force the driver to brake 
or steer to avoid collision.  
 

 

 
 
Figure 8 - Scenario K3 
Left: green line: path of the driver, red line: path of the mover. Right: view from inside the car  
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2.2.3 Scenario K5: SCP 
 
The driver is going straight through a 4-way crossing. The speed limit is 50 km/h. The view of 
the crossing path is limited due to buildings next to that path. A few meters before the driver is 
entering the crossing a blue Lotus Esprit gets visible to the right, going with high, constant speed 
through the crossing. The driver is forced to react to avoid collision. The scenario tests the same 
type of reaction as K2 but with a higher urgency. 
 

 
 
Figure 9 - Scenario K5 
Left: Green line: Path of the driver, red line: path of the mover, dotted yellow line: the building limiting the field of 
view when approaching the crossing. Right: view from inside the car 
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2.2.4 Scenario U1 
 
The driver is driving behind a lead car (red Volvo S70) that hit the brakes in a crossing to avoid 
hitting a vehicle that drives against red light. The driver has to brake to avoid hitting the lead car. 
The driver is supposed to brake as a reaction to the brake lights on the lead car and not as a 
reaction to the visual impression of that the lead car is slowing down. 
 
 

 
 
Figure 10 - Scenario U1 
Left: green line: path of the driver, red line: path of the braking mover, orange line: the car which the red marked 
mover is braking for, blue lines: complementary movers. Right: view from inside the car 
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2.2.5 Scenario U4 
 
The driver is located behind a lead car (red Volvo S70). The driver gets instructed by a voice to 
take to the right at the crossing, hopefully making the driver to choose to move to the same lane 
as the lead car. At a signal light controlled crossing the lead car hits the brakes on yellow light. 
To avoid hitting the lead car the driver needs to brake. The brake light of the lead car is 
supposed to trig the driver to brake. 
 
 

 
Figure 11 - Scenario U4 
Left: green line: path of the driver, red line: path of the braking mover. Right: view from inside the car 
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2.2.6 Scenario M1 
 
The driver is going on a highway limited to 90km/h. In a long left turn a Volvo S80, 
approaching from the opposite direction, turns over into the wrong lane. To avoid collision the 
driver needs to steer away from the oncoming vehicle or brake and steer.  
 
 

 
 

 
Figure 12 - Scenario M1 
Left: green line: path of the driver, red line: path of the mover. Right: view from inside the car 
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2.2.7 Scenario M2 
 
The driver is going on a highway limited to 90km/h. In a long left-turn a Mercedes 500, 
approaching from the opposite direction, turns over in the wrong lane. To avoid collision the 
driver needs to steer away from the oncoming vehicle or brake and steer. The car in this scenario 
gets further in to the wrong lane than in the first meeting scenario (M1) to force a stronger 
reaction. 
 

 
 

Figure 13 - Scenario M2 
Left: green line: path of the driver, red line: path of the mover. Right: view from inside the car 
 



 23

2.3 Sorting 
 
From the simulator the log files are ordered by license or no license, age and gender.  
To analyse driver behaviour in each specific scenario, a VB-Script is used to sort the log files and 
to guarantee reliable data. 
 
To ensure as high data quality as possible, the analyse is carried out on the adults, which consist 
of 12 927 files where 7 925 files contains full scenarios.  
 
In unmonitored simulator studies, drivers right of option leads to incorrect behaviour in some 
cases. This can for example be drivers that turn away from the road, ending up off road and 
therefore miss scenario triggers. Log files with missing start or stop triggers are not interesting to 
analyse and are removed in the sorting. 
 
The purpose with the VB-Script is to cut out the data of interest from a log file and then sort the 
log files by scenario. The interesting part in a log file is the data that belongs to a certain 
scenario, which means data between a start and stop trigger in the log file. The log files without 
start and/or stop trigger as well as data before a start and after a stop trigger are considered 
invalid. If there is missing start or stop triggers, the driver has not behaved as wanted and has 
probably turned of the desired path. 
 
The sorting results in reliable log files and will reduce the amount of data to analyse. 
 

 
 
Figure 14 - Sorting, log file structure 
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In the figure above a driver has generated a correct log file. The information between the 
K5_start and K5_stop trigger is saved as valid data. 
 

2.3.1  Data Reduction 
Another benefit of the sorting of log files, apart from the obvious categorisation, is reduction of 
the amount of data. Before the sort the folders holding the adult drivers consisted of 12 927 log 
files (42,3GB). After the sorting 7925 log files were considered trustworthy and the amount of 
data were reduced from 42,3GB to 7,73GB. The sorted log files are converted to Matlab structs 
and the amount of data are further reduced to 3,33GB.  This is a total reduction of 92%. 

2.3.2 Files divided after scenario 
In the scenarios different parameters will be analysed and criterions for each scenario will be 
applied to ensure quality and validity of the log files. Log files that have fulfilled these criterions 
are referred to as valid files. The amount of valid files is very different between different 
scenarios due to the different criterions. There is a much higher amount of valid files from the 
M-scenarios than the K and U-scenarios, as a result of the criterions set. In a way, this can be 
seen as an additional sorting. These criterions can be speed limitations, lane offset, distance 
between the driver and mover etc. The conditions will be further discussed individually for each 
scenario.  
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Figure 15 - Distribution of files in scenarios 
 
The scenarios are randomised and the number of files in each scenario should be fairly equal. 
This is not the case and the reason can be. 
 

1. Dysfunctional random generator 
 
2. More missing start and/or stop triggers for some scenarios, because the driving in those 

scenarios invite more irregular (unwanted) behaviour.  
3. Since the scenarios all are played out in the same virtual world, there is a risk that trigger 

points for different scenarios are interfering with each other due to geographical 
proximity in the virtual world. Since scenario triggers are circular points with 20 meters 
of diameter and two scenarios can be located at the same road but in different driving 
directions, the result could be nestled scenario triggers in the log files.  
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2.4 How Measures are calculated – processes, difficulties and 
improvements 

 
To be able to analyse the driver reactions in the different scenarios, a number of measurements 
are needed. There are a handful of more or less standard measures often used in traffic safety 
applications. These measures are used in other applications both at Volvo Cars and in other 
studies. [D5] A few of these have proven useful in this study.   
 

2.4.1 Reaction Times (RTs) 
The reaction time can be decomposed into a sequence of components. [P1] 
  
Mental Processing time 
The time it takes for the responder to perceive a signal, and decide how to respond. For example 
the time it takes for a driver to detect a person in the road and decide to brake. The mental 
processing time can be furthered decomposed into sub components: 

  
Sensation is the time needed to detect that there exist an object on the road. The sensation is equal 
no matter what the object is. This part of the RT decreases as the signal increases in brightness, 
contrast, size, loudness and other attributes that makes the signal easier to detect.  
 
Perception is the time to recognize the meaning of the sensation, for example that the object is a 
deer. The time needed, increases with the complexity of the object and with low signal 
probability. Signal probability in this case means the probability to see that object on the road. 
The shape of a deer would be an example of a signal with high probability and is therefore easy 
to detect and recognize.  
 
Response selection and programming is the time it takes to decide which, if needed, response to 
perform and mentally program the movement for that response. For example if it is better to 
steer around the object than to hit the brake. The time it takes for this part can be decreased via 
training and experience. 

  
Movement time 
This is the time it takes for the driver to perform the actual physical movement that have been 
programmed. For example to lift the foot from the accelerator and hit the brake. 
 
Device response time 
The time it takes for the physical device to perform its response. That is, for example, the time it 
takes for the car to stop from the moment the driver has started to push down the brake. 
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Brake Reaction time (BRT)  
The brake reaction time measured in this study can be referred to as the time it takes for the 
driver to hit the brake from the moment that a critical situation can be detected by the driver. 
This may be different in other studies. [P1] Some might include or exclude factors that increase 
or decrease the total reaction time. Therefore it is not certain that the results are comparable with 
results from other studies. 
 
A more precise definition of BRT as measured in this study is that it includes mental processing 
times and foot movement time. Technically, the brake reaction time measured is the time from 
stimuli onset to the driver depressing the brake pedal a certain amount. The stimuli onset is 
defined for each scenario, for example in the U scenarios the stimuli onset is when the lead 
vehicle’s brake lights are turned on, and the brake pedal is considered depressed when the signal 
indicates goes above the value 0.2 (max is 1). To be totally accurate, in this definition of Brake 
Reaction Time there is actually some device response time involved too, for a brake reaction to 
be registered. There is also a small delay depending of the frame rate of the simulator. However, 
the frame rate of 60 Hz gives a delay of 1/60 seconds which is negligible in this context.  
 
Calculating BRT is performed in two simple steps. First of all, the starting point for the measure 
is set to the place where the driver can interpret the danger in the situation at the first time 
(stimuli onset point). In all scenarios there are log messages which mark the stimuli onset point, 
i.e. when the driver has the first chance to detect the critical situation. Second, the time stopped 
as soon as a brake signal has been registered.  
 
Steering Wheel Reaction Time (SWRT) 
The SWRT is a measure that is used to determine how long it takes for a driver to start an 
avoidance by steering response to a situation. As with the brake reaction time, the time measured 
is the time from when the danger in the situation can be detected to the time where the driver has 
turned away from the situation. 
 
To measure the SWRT, the point where it is possible for the driver to react at the first time 
needs to be determined. In the M-scenarios, the mover gets instructions to meet the driver at a 
preset position on the road. Based on this instruction a log message PET_start is printed in the 
log file when the distance between driver and mover are 200meters. The PET_start is therefore 
the initially most reasonable measure point for when the driver can experience the situation as 
critical for the first time. In a first iteration, it was therefore used as starting point for measuring 
the SWRT. It turned out that in the K and U scenarios it is possible to use the PET_start log 
message as a start point for measuring SWRT. However, using the PET_start message as starting 
point turns out to be difficult for the M-scenarios. Fig. shows the SWRT plotted against the 
distance between driver and mover at the time when a reaction was found in the M1-scenario. 
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Figure 16 - Shows wrong start point for measuring SWRT in the M1-scenario 
 
As can be seen in,, the resulting SWRT’s have a rather odd distribution.. Especially, the entries 
marked with red in the figure are separated from the other entries. When investigating closer, it 
seems like the PET_start message has not been sent at the 200 meter distance specified above, 
but already at a distance of 300 meters between the cars, Naturally, if the starting point for the 
scenario sometimes is trigged 100 meters further away than for most scenarios, the reaction 
times will have the time needed to travel those 100 meters added to them. 
 
Going into the scenario logic, it turns out that the reason for this is the fact that the printing of 
the PET_start message is dependent on the instruction given to the mover to try to meet the 
driver at a certain point. If the driver has a varying speed or too high mean speed, this condition 
cannot be met starting at the 200 meter distance, and the PET_start log message will therefore 
be printed at the wrong time. 
 
Instead of using the PET_start log message as a starting point for the SWRT, the distance is 
calculated between driver and mover using logged data on their positions in the virtual world. 
When the distance between them is 200 meters the starting point for measuring SWRT is set. In 
the M-scenarios, the point where the driver interprets the danger in the situation varies among 
different drivers and therefore a fixed starting point for measuring the SWRT is used for all 
drivers.  
 
From the starting point to the point where driver and mover are as close as possible to each 
other, the point of reaction is determined by an algorithm operating on the steering wheel angle. 
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Figure 17 - Steering wheel angle plotted against time 
 

1. Point where the distance between driver and mover is 200meter 
2. Point where the minimum distance between the mover and driver is found 
3. The last time the steering wheel derivative changes sign of the time of interest. 
4. Point of reaction 
5. Compensation for the reaction. 

 
The algorithm searches for points where the steering wheel derivative changes sign (or 
direction). The minimum point of the green curve (3) is followed by large positive steering wheel 
angles (5), which indicate a compensation for the reaction. This compensation is an effect of the 
drivers position far out to the right of the road which means that he or she has to do a big 
steering wheel turn to get back on the road and in the intended heading. The point before the 
last change of sign of the derivative (3) is considered as the point where the driver has reacted 
(4). 
 
A drawback with the algorithm is that it cannot find a point of reaction for drivers with a 
constant steering wheel angle. Drivers with a constant steering wheel angle have not behaved in a 
natural way and are not taking into consideration when showing distributions of SWRT.  
 
The SWRT is calculated as the time between point 1 and 4.  
Only SWRTs larger than 0.2 seconds are considered as correct. 
 
 
Simplified Steering Wheel Reaction Time (SWRT), used in K and U scenarios 
In the K and U scenarios the main objective is to investigate the BRT but the SWRT would also 
be investigated as some users decide on turning instead of braking. Due to the complexity of 
changing paths as a driver approaches a crossing, the lane offset approach used in analysis of the 
M-scenarios can not be successfully used here. Since measuring the SWRT is not the main 
objective with the K and U scenarios the accuracy is not that important. The measure is more 
used to obtain an overall idea of how many drivers that chooses to turn instead of brake.  
 
By empirical testing, an interval of steering wheel angles corresponding to a manoeuvre away 
from the situation was established. It could be shown that any changes on the steering wheel 
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angle smaller than 6 degrees were just corrections to keep the lane position. Changes larger than 
100 degrees indicated a turn to another lane in the crossing. (I.e. the user decided on turning to 
the right or left in crossing rather than continue forward and be exposed to the situation.) The 
steering signal has to be a turn on the steering wheel between 6 and 100 degrees in positive or 
negative direction. The starting of the time measured was set to the place where the 
corresponding log message was sent. This is the same starting point as in the BRT measure 
which is the time where the user first has a chance to detect the situation. The time is put to stop 
as soon as a steering wheel change within the given range has been detected. 
 

2.4.2 Additional measures 
 
TTC – Time to collision 
The TTC is calculated as the distance between the driver and mover divided by the difference in 
velocity between the cars. [D5] The TTC is a measure of how close a driver is a collision with a 
mover at a specified point, for example the point of reaction.  
 
TTC is used as a normalization and error analysis parameter.  
 

TTC = 
( )

( )2mover2driver

2yx

s+s

d+d 2
3.6∗  seconds 

 
Where dx is the distance between driver and mover in x-direction, dy is the distance in y-direction, 
sdriver is the speed of the driver and smover is the speed of the mover. 
 
 
PET – Post Encroachment Time 
An area is defined in a crossing and the time is measured from the moment the first car leaves 
the area until the second car enters the area. [D5] The PET measure could be used as collision 
detection. For example if PET value is smaller than a predefined time, there was a collision. The 
PET areas can also be used to determine when a car is in a certain area.  This is used in the K 
scenarios to determine if the driver manages to pass the oncoming vehicle in front of it or 
behind it. 
 
 Steering Wheel Reversal Rate (SWRR) 
SWRR is a measure that gives how many steering wheel reversals that is done by the driver per 
minute. The original idea was to use the SWRR to localize and classify patterns in the driver 
behaviour. This has been done in other studies with various results. [D5] 
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Figure 18 - Steering Wheel Reversal Rate 
Top: steering wheel signal. Bottom: derivative of steering wheel 
 
The algorithm finds a reversal when the driver passes 12’O clock with the steering wheel, given 
that the gap size angle must be at least 1 degree. The occurrence of small reversals (gap size ~1 
degree) is common during normal driving conditions. When there are distractions these reversals 
tends to be bigger as tracking errors builds up. Glances away from the road tend to imply 
steering wheel movements from 1 to 5 degrees. [D5] 
 
Deceleration  
Another factor that could be interesting in an emergency situation is the rate at which the driver 
has tried to reduce the speed and by that avoid the situation. This could be done by investigating 
the brake power applied over time etc. but the most straightforward and frequently used method 
is to measure the deceleration over time. By doing that the use of the brake pedal as well as the 
non-usage of the accelerator are contributing to the resulting deceleration. In the analysis the 
deceleration is investigated over three different periods of time. First the mean deceleration from 
the moment the situation can be detected to the moment the driver has started to brake is 
calculated. This period gives an idea of how the user interprets the situation and if he or she 
releases the accelerator as supposed to. The second period where the mean deceleration is 
measured starts as soon as the driver hits the brake and continues to the moment of collision or 
as the situation has been successfully avoided. This deceleration value is most of all an indicator 
on how much brake pressure the driver has applied. The third period is the total period, i.e. the 
first and second period put together. This gives an overall idea of drivers urge to decrease the 
speed and avoid the situation.  
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NOC – Number Of Crashes  
Counting how many crashes that the critical event in question led to can be used to determine 
how long RT that is acceptable in a certain scenario, if a collision is to be avoided, comparison 
between driver groups with different characteristics such as age groups, drivers license vs. no-
license) etc.  
 
Many of the situations tested in the simulator are highly critical, and collisions are therefore quite 
common. When a situation leads to a collision the cars passes through each other and there is no 
physical feedback of the collision. 
 
Collision detection 
Initially the collision detection used for the scenarios was very simple and with low precision. In 
previous study the measure was used based on the PET- areas for the driver and the interfering 
mover. The main idea was to check whether both cars had been in the same PET area within a 
short window of time. [D5] However, in the current study this was considered far too inaccurate 
and a new algorithm for this NOC was developed.  
 
In the new algorithm, the car is presented as a rectangular area rotated in the driving direction 
around the cars logged centre point. This is done for both the mover and the driver. The size of 
all the different cars is available in a table and extracted individually for each car. When a corner 
of one of these areas is detected within the other, the algorithm detects a collision.  
 

 
 
Figure 19 - Collision detection 
A collision has occurred when the areas of the cars interfere 
 
The logged centre point of the simulator cars is not always in the absolute centre of the car 
model. It is always centred widthways of the car but could be slightly moved forward or 
backward along the length of the car. The fault could be up to ~30 centimetres E2]. Hence, it is 
impossible to be certain of the precise position of the car. Therefore, in some cases a collision 
can be detected even if a collision has not occurred and vice versa. However, when a collision 
has been detected it has at least been very close to a collision. 
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Effect of Initial lane position on reaction (type and timing) 
When examining log data from the M-scenarios it is interesting to investigate if the road position 
has an impact on the type of driver reaction. The driver lane position at the point where the 
distance between driver and mover are 200meter is referred to as the initial lane position and 
determined by the lane offset. 
 

  
 
Figure 20 - Initial lane position 
 
The initial position of the driver has probably impact on the driver reaction. A driver with an 
initial position slightly to the right of the road does not need to react so strongly to avoid the 
oncoming mover. On the other hand, these drivers are more likely to end up outside of the road 
to the right. In reality, this could be a very dangerous situation and can often lead to loss of 
control of the vehicle with an accident as result.  

1. If the driver has any part of the car over the road 
centre (dashed line, 0.687m offset)  the initial 
lane position is classified as “to the left” 

 
2.  If the driver has an offset between -0.687m and 

0.687m the driver has an initial lane position 
classified as “the centre”. 

 
3. If the driver has any part of the car over right 

road verge (-0.687m offset) the initial lane 
position is classified as “to the right”. 
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M-scenario reaction classification 
To find the type of reaction the driver lane offset is used. The driver can react in three different 
ways: a manoeuvre to the right, a manoeuvre to the left or no steering. On top of this, the driver 
can choose to brake or not.  
 

 
Figure 21 - M-scenario reaction classification 
In the plot above, the driver has reacted by steering right. 
 

1. Point where the distance between driver and mover is 200meter 
2. Point where the minimum distance between the mover and driver is found. 
3. Point located 60 frames ahead of point 2 (~1 second). 

 
The green curve indicates where to find a possible reaction. The reason to why the end of the 
green curve is 60 frames after the point where the minimum distance between the driver and 
mover is found, is that the lane offset of the car is a bit delayed compared to the exact time point 
when driver reacts by turning the steering wheel.  
 
The direction in which the driver manoeuvres is classified as follows: 
  

 Left – the left side of the driver car has been more than 30cm over the road centre (lane 
offset 0,987m). 

 
 Right – the right side of the driver car has been more than 30cm over the right road 

verge (lane offset -0.987m). 
 
 No steering – the driver has stayed between the limits for a steering reaction (lane offset 

between -0.987 to 0.987m). 
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2.4.3 Analysis method 
 
First of all, as discussed earlier in the report, the aim is to present full distributions and patterns 
in driver reactions to the critical scenarios, rather than just extrapolated mean values. 
 
The main goal with the analysis is to find as much data as possible with as high quality as 
possible. Apart from the main goal, there are different things that are interesting to investigate 
for each scenario: 
 

 K-scenarios – distributions of BRT to investigate if an active safety system could be of 
use 

 U-scenarios – distributions of BRT to investigate if an active safety system could be of 
use 

 M-scenarios – how lane position influences the type of reaction and how drivers reacts 
 
Qualitative analysis 
To get an understanding of how drivers behave and reacts in a simulator, a monitored study was 
carried out at the Universeum. Driver behaviour was monitored and recorded with a digital 
camera. These recordings were used to validate our analysis methods. Drivers were also 
interviewed to get their impressions of the simulator system. An extensive test of all scenarios by 
ourselves was also carried out to test the limitations of the system. 
 
Analyse methods and algorithms have been developed and carried out in Mathworks Matlab 
7.1.0.246 R14 ServicePack 3. 
 
General criteria 
There are a couple of criterions that are applicable on all scenarios. 
 

• Reaction times must be over 0.2 seconds for all scenarios to be considered 
trustworthy.[P1], [I4] 

 
• To register a BRT the brake signal must be higher than 0.2 (out of 1.0). (This have been 

empirically tested and is verified by [D6]) 
 

• Files where a RT has been registered later than the time of collision or after the cars have 
left the area of interest are removed. 

 
• If there has not been a collision, the maximum possible time for a registered RT is the 

time where the minimum distance between the driver and mover in question can be 
found. 

 
• Log files must contain all necessary log messages for a full scenario. This is for example 

PET_start, K2_visible, S80_turn_left and K5_visible.  
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2.4.4 K- scenarios criterions 
 
BRT 
The K scenarios are mainly set up to test BRT. As the mover enters the crossing the driver 
should be forced to hit the brakes to avoid collision. The Speed limit of the road is 50km/h. 
  

• The speed has to be kept between 35 km/h below the speed limit and 10 km/h 
above. The reason to why the lower limit is set so low is that a lot of drivers 
were found in that speed segment. However, after applying other criterions the 
actual speeds of the valid files will range from about 10 km/h below to 10 
km/h above the allowed speed limit. 

  
• The mover has to enter the PET-area before the driver. 

 
• A maximum possible BRT is set to 2 seconds. If the reaction time is higher 

than 2 seconds, the driver has passed the mover and the registered brake signal 
is a reaction to something else. (Found by empirical testing and verified by 
[P1]) 

 
SWRT 
As some users choose to steer away from the situations a SWRT measuring is also performed.  

 
• The speed has to be kept between 10 km/h below the speed limit and 10 km/h 

above. The reason to why the lower limit is different for SWRT compared to 
the BRT measure is that for users which keep a lower speed, the steering 
reaction when below speed limit – 10 km/h is often a turn to another street in 
the crossing rather than a manoeuvre to avoid a collision. 

 
• The steering signal has to be a turn on the steering wheel between 6 and 100 

degrees in positive or negative direction. This has proven to be the range of 
angles that indicates a manoeuvre. Any smaller angle is just steering corrections 
and any bigger angle indicates that the user has turned onto another street in 
the crossing. 

 
• The steering reaction is not allowed to be initialized before the critical moment 

has started. The critical moment starts as the corresponding log message are 
sent.  

 
• A maximum possible SWRT is set to 2 seconds. Any reaction time higher than 

that can not be a reaction to the situation and will be sorted out. If the time 
measured is higher than 2 seconds the driver has passed the mover and the 
steering must be a reaction to something else than the critical situation. 
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2.4.5 M-scenarios criterions 
 
Except for the general criterions, some additional criterions have to be fulfilled for the M-
scenarios. 
 
Lane offset 
By examine the driver lane offset it is possible to sort out drivers with an incorrect behaviour, i.e. 
a behaviour that does not match the expected driving leading into the scenario. First off, drivers 
that have driven outside the road will be ignored. To find out which drivers that have a correct 
behaviour, limits for the lane offset are set. The lane offset is measured from the centre of the 
driver car to the centre of the lane. The width of a lane is 3.2meter and the width of the driver 
car is 1,826meter. The driver is allowed to position the left side of the car 50cm over the road 
centre (3 in fig.) and the right side 50cm out on the road verge (2 in fig.). This gives a minimum 
lane offset to -1,187 meters and a maximum lane offset to 1,187 meters, which the driver needs 
to stay between to be classified as a having a correct behaviour. Log files which do not fulfil this 
criterion will be considered invalid. 
 
 

 
 
Figure 22 - Lane offset 
 

1. Width of the lane is 3.2 meters
2. Minimum allowed lane offset is -1,187 meters 
3. Maximum allowed lane offset is 1,187 meters 
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The lane offset as a criterion for correct behaviour is measured from the start of the scenario to 
the point where it is possible for the driver to react to the meeting situation (green curve in Fig.). 
 

 
Figure 23 - Driver lane offset 
 
 
 

2.4.6 U-scenarios criterions  
 
In the U-scenarios, the same criterions are used as in the K-scenarios except a few additions: 
 

• The maximum time allowed to register a brake reaction, is increased. In the K 
scenarios the time was set to 2 seconds and in the U-scenarios it is set to just 
above 3 seconds. The results are for more scattered in the U-scenarios so this 
increase in time was necessary to bring more of the valid files into the analysis. 

 
• Since the driver is supposed to react to a braking Volvo located in the right lane 

the driver has to be located behind this mover to register as a valid file.  
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2.5 Analysis results 
 
The analysis is mainly performed on the data from the adult groups. This as the data from that 
group is thought to be more valid compared to that of drivers who have registered their age as 
below 18 years old. However, after all the criterions have been applied, a valid distribution of 
reaction times can actually be extracted from the under age group as well. Therefore, data from 
both adults and under aged drivers can be used to get more entries.  
 
Much of the valid data that are found among the under aged drivers are thought to be adult 
drivers that do not bother to select the correct age at the profile screen upon start of simulation. 
Of course there are some real under age drivers that manage to drive correctly but it is quite hard 
for an inexperienced young driver to fulfil the criterions.  
 
The discussed results, statistics and plots will however, at this state, only regard the adult group. 
Some general statistics from the underage group will be presented in a separate chapter.  
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2.5.1 K2 
 
Drivers braking to avoid the situation 
The result from the analysis is presented in the table below. There are a total of 663 files that 
hold a full K2 scenario. 111 of these 663 files, corresponding to ~16,7 % of the K2 files, is 
considered valid after applying all the selection criteria to filter out the relevant files. Data for the 
valid files are also divided into groups of files where collisions have / have not occurred.  
 

Files containing a full 
scenario 

Valid files out of 
the full files 

Percentage of valid 
files among the full 
files  

663 111 16,74  
    

  Amount 
Percentage of the valid 

files(%)  
Collisions of the valid files 60 54,05  
Non-collisions of the valid 
files 51 45,95  
    

Files 
Mean speed 

braking 1 (km/h) * 
Mean speed steering 1 

(km/h) ** 
Mean speed 

steering 2 (km/h) *** 
All K2 55.53 55.53 55.53 
Valid files 45.62 52.04 52.30 
Valid files, collision 49.30 - - 
Valid files, no collision 41.30 - - 

 
Table 1- K2 general statistics 
* The mean speed among drivers braking. Measured at the time where the corresponding log message is sent 
** Mean speed among drivers steering. Measured at the same time as * 
*** Mean speed among drivers steering. Measured when a steering reaction is registered 
 
As can be seen in the table, a lot of files are sorted out when applying the scenario criterions. 
(Only ~18% remains). The criterion which is not fulfilled for most of the files removed is the 
criteria that a brake signal has to be registered.  
 
When looking into the scenario logic, the reason for why so many drivers do not brake at all is 
easy to find. The scenario is very sensitive for speed. The mean speed among drivers where a 
BRT was registered was ca 45.6 km/h. At the same time the mean speed for all the drivers in the 
scenario is over 55 km/h, something that is expected as most drivers tends to drive faster than 
the actual speed limit. [P3] The mean speed of drivers who have avoided collision is as low as 41 
km/h and even at those low speeds a very fast reaction time was needed to avoid hitting the 
conflict vehicle. This suggests that the urgency of the situation is too high. Only a single driver 
that had a speed above 50 km/h (53 km/h) managed to avoid collision, and that was at an 
extremely fast reaction time.  
 
 
Drivers steering to avoid the situation 
There are 34 of 663 files (~5,13 %) where the driver have tried to steer away from the situation. 
The 34 files where the driver has steered are too few to result in interesting distributions but it is 
easy to see that the drivers who have steered in general are the ones who kept a higher speed 
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coming into the scenario. (Mean 52 km/h) These drivers have probably realized that they would 
not be able to stop by braking, and decides to steer away from the oncoming vehicle instead. A 
possible explanation is also that the faster the driver is going, the more to the right the conflict 
vehicle will be when it first becomes visible, and therefore it becomes more and more a threat to 
the side rather than a threat in front of the driver, which would explain the tendency to steer 
away rather than brake.  The SRWT is also overall shorter than the BRT which agrees with other 
studies. [P1] However, to turn away from the situation has not been a very successful solution as 
almost all have collided, just as the drivers which tried to brake at these higher speeds. 
  
Distributions 
 

 
 
Figure 24- K2 BRT plotted against speed 
The speed is the more important factor to determine whether a driver has collided or not. 
 
The relation between BRT and NOC 
The figure shows that speed is the most important factor to determine whether a driver has 
collided or not. It is also noticeable that most entries are distributed between 40 and 50 km/h. 
The BRT plays a role but not as significant as the speed. This is not desired if the influence of 
BRT in a situation is to be analysed. The only files that can tell us something about the influence 
of BRT are the area which holds both collision and non collision entries for the same speeds.  
 
There are a number of entries that appears to have almost exactly the same BRT and speed but 
some have collided while others have not. There are also entries with the same speed where 
those with shorter BRT´s has collided while those with longer have not.  
 
The explanation for this is that there is another factor involved, the deceleration. The 
deceleration is in direct proportion to how much a driver has used the throttle and how long and 
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hard he or she has pressed the brake. By plotting speed against both the deceleration and the 
BRT in a 3D-plot it is easy to see which parameters that have the largest impact on the result. 
The influence of the deceleration parameter is discussed more thoroughly in the corresponding 
appendix. Even if the influence of this parameter is, compared to the speed and the BRT, quite 
small, it can often be the difference whether the driver is colliding or not.  
This is very interesting and useful information for the development of active brake assistant 
systems. If the results of this study reflects real world driver behaviour, it is obvious that a large 
number of drivers could have been helped by an assisting braking system which applies the 
brakes at full force once the driver’s intention to brake is detected.  
 
Summary 
There are quite few drivers in the K2 scenario where a brake signal has not been registered at all. 
This is the main issue with the scenario and the explanation to this is that the scenario is very 
sensitive to the speed kept by the user. Speeding drivers will not experience the situation at all 
and since so many drivers are speeding, a lot of data is lost. By adapting the speed of the mover 
to the speed of the driver this problem would be reduced. The sensitivity to speed is also 
noticeable in the plots as the BRT seems to have very little influence on the results. The BRTs 
span from ~0.4 seconds to 2 seconds which is in range with other studies. [P1] There are some 
drivers steering but they are not many enough to draw any valid conclusions. 
 
 

2.5.2 K3 
 
Drivers braking to avoid the situation 
The result from the analysis is presented in the table below. There are a total of 766 files that 
hold a full K3 scenario. 244 of the 766 files holding K3 scenarios (~32%) are considered valid 
after applying all the criterions. Data for the valid files are also divided into groups of files where 
collisions have / have not occurred.  
 

Files containing a full 
scenario 

Valid files out of the full 
files 

Percentage of valid 
files among the full 
files  

766 244 31,85  
    

  Amount 
Percentage of the valid 

files(%)  
Collisions of the valid 
files 121 49,59  
Non-collisions of the 
valid files 123 50,41  
    

Files 
Mean speed braking 1 

(km/h) * 
Mean speed steering 1 

(km/h) ** 

Mean speed 
steering 2 (km/h) 

*** 
All K3 53.31 53.31 53.31 
Valid files 45.99 51.26 51.97 
Valid files, collision 50.87 - - 
Valid files, no collision 41.19 - - 

 
Table 2 - K3 general statistics 
* The mean speed among drivers braking. Measured at the time where the corresponding log message is sent 
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** Mean speed among drivers steering. Measured at the same time as * 
*** Mean speed among drivers steering. Measured when a steering reaction is registered 
 
The amount of valid files is much higher in the K3 scenario than in the K2 scenario. The same 
pattern as in the K2 scenario is also noticeable here with most of the valid files consisting of files 
where a lower speed has been kept. The mean speed among those where a BRT could be 
measured was 46 km/h while the mean speed for all drivers is about 53.3 km/h.   
The K3 scenario mover gets a speed instruction that takes the driver speed into consideration 
and is therefore not that speed sensitive as the K2 scenario. Speed among drivers that have avoid 
a collision shows that the K3 scenario can handle the same and higher driver speed than the K2 
scenario.  
 
Drivers steering to avoid the situation 
There are 34 out of 766 (~4,44 %) drivers that have tried to steer away from the situation. As in 
the K2 scenario these drivers had kept a slightly higher speed (mean 51.3 km/h) than drivers 
who decide to brake. The mean SWRT is shorter than the mean BRT in the scenario so the 
steering action is faster than the brake action. [P1]. However, most of the steering drivers have 
collided so the steering action was not very useful in this scenario either. The few files do not 
give any valid distributions. 
 
Distributions 
 

 
Figure 25 - K3 BRT plotted against speed 
There are a lot of entries holding both collisions and non-collisions for the same speeds.  
 
The figure shows that the speed is less important for the avoidance of collision than in the K2 
scenario. Instead, the BRT plays a greater role here, something that is desired from an analysis 
perspective. The K3-scenario is therefore more robust to speed variations. This can also be seen 



 43

in the sorting statistics. The K3 scenario manages to deliver BRT information almost twice as 
often as the K2 and K5 scenario. 
 
The influence of BRT can be analysed in files where the speed has ranged from about 35 to 55 
km/h as there is enough entries where both collisions have occurred as well as files where 
collisions have not occurred.  
 
As in the K2 scenario, the deceleration is another factor that can explain some of the results. The 
influence of this factor is further discussed in the corresponding appendix. 
 
Summary 
The K3 scenario works much better than the other crossing scenarios, producing measurable 
data at a much higher rate than the other scenarios. This is probably thanks to the MeetAtPoint 
function which takes the drivers speed into consideration. The wider acceptance to speeds in the 
scenario gives better possibilities to analyse the impact of BRT and deceleration on the result. 
There are some drivers steering but they are too few to present any valid distributions. 
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2.5.3 K5 
 
Drivers braking to avoid the situation 
The result from the analysis is presented in the table below. There are a total of 1388 files that 
hold a full K5 scenario. Out of these 1388 files there are 183 (~13%) that is considered valid 
after applying all the criterions. Data for the valid files are also divided into groups of files where 
collisions have / have not occurred. 
 

Files containing a full 
scenario 

Valid files out of the 
full files 

Percentage of valid 
files among the full 
files  

1388 183 13,18  
    

  Amount 
Percentage of the valid 

files(%)  
Collisions of the valid 
files 72 39,34  
Non-collisions of the 
valid files 111 60,66  
    

Files 
Mean speed braking 

1 (km/h) * 
Mean speed steering 1 

(km/h) ** 
Mean speed steering 2 

(km/h) *** 
All K5 57.06 57.06 57.06 
Valid files 49.92 54.70 53.34 
Valid files, collision 57.03 - - 
Valid files, no collision 45.31 - - 

 
Table 3 - K5 general statistics 
* The mean speed among drivers braking. Measured at the time where the corresponding log message is sent 
** Mean speed among drivers steering. Measured at the same time as * 
*** Mean speed among drivers steering. Measured when a steering reaction is registered 
 
The result is similar to that in the K2 scenario. The mean speed kept in the scenario among all 
files is over 57 km/h while the mean speed for the valid files is 50 km/h. The speed is probably 
the main issue to why so many files are sorted out. The urgency is very high in this scenario 
already from the beginning and a speeding driver will not experience the situation at all. 
 
Drivers steering to avoid the situation 
There are 18  out of 1388 drivers (~1,30%) that decide to steer away from the situation. The 
drivers who have decided on steering have kept a higher speed (mean 54.7 km/h). In this 
scenario the steering action has also been proved to be more effective than in the other 
scenarios. Not as effective as the brake action but about half of those that steers have avoided 
collision. The mean reaction time for those that steers is lower than for the ones that brakes. [P1] 
It is actually lower than half the time of the BRT. That is probably the explanation to why 
steering is more effective in this high urgency scenario than in K2 and K3. The brake option is 
simply not fast enough to be able to avoid the collision. On the other hand is the results not 
trustworthy at all as the number of files where the steering option was registered is very low. 
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Distributions 

 
Figure 26- K5 BRT plotted against speed 
 
The result almost entirely depends on the speed. This is due to the very high urgency in the 
scenario. If a higher speed is kept it is almost impossible to avoid collision, no matter how fast 
the user hits the brake. This gives other analysis possibilities than in the K2 and K3 scenario. As 
in previous scenarios, the outcome in the scenario is also dependable on the deceleration. 
However, both the deceleration and BRT (as seen in the plot above) affect the result very little. 
 
Summary 
This scenario gives the least percentage of valid files among the K-scenarios. This is due to the 
very high urgency in the scenario. This together with the fact that the speed of the mover is not 
adapted to the speed of the driver allows very few drivers to actually experience the scenario at 
all. By adapting the speed of the mover to the speed of the driver, drivers will be able to 
experience the situation at a much higher rate than before. There are very few drivers steering 
instead of braking. Interesting is that, remembering that there are very few entries to investigate, 
the steering option has been quite successful in this scenario compared to the other K scenarios.  
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2.5.4 U1 
 
Drivers braking to avoid the situation 
The result from the analysis is presented in the table below. There are a total of 617 files that 
hold a full U1 scenario. Out of these 617 files there are 99 files (~16%) that are considered valid 
after applying all the criterions. Data for the valid files are also divided into groups of files where 
collisions have / have not occurred. 
 

Files containing a full 
scenario 

Valid files out of the 
full files 

Percentage of valid 
files among the full 
files 

617 99 16,05 
   

  Amount 
Percentage of the 

valid files(%) 
Collisions of the valid 
files 57 57,58 
Non-collisions of the valid 
files 42 42,42 
   

Files 
Mean speed braking 

1 (km/h) * 
Mean speed steering 

1 (km/h) ** 

Mean speed 
steering 2 (km/h) 

*** 
All U1 51.09 51.09 51.09 
Valid files 47.07 48.81 52.99 
Valid files, collision 47.97 - - 
Valid files, no collision 45.76 - - 

 
Table 4 - U1 general statistics 
* The mean speed among drivers braking. Measured at the time where the corresponding log message is sent 
** Mean speed among drivers steering. Measured at the same time as * 
*** Mean speed among drivers steering. Measured when a steering reaction is registered 
 
The mean speed kept in the scenario is 51 km/h while the mean speed for the valid files is 47 
km/h. For those who have managed to avoid collision the mean speed is 45.7 km/h. The 
explanation to the low percentage of valid files is therefore not the speed. 
 
Drivers that are in the wrong lane before the scenario 
There are about 9% of the drivers that chooses to steer away from the lead car and into the 
wrong lane. These drivers will not experience the situation and therefore will no BRT be 
registered. The choice to enter the wrong lane is made well before the scenario starts and is 
therefore not a reaction to the braking lead car. (I.e. the driver is not trying to avoid the braking 
car by steering). The decision to change lane is a natural behaviour as the driver closes in on a 
slower moving vehicle.   
 
Drivers steering to avoid the situation 
There are only 7 out of 617 (~1,13%) drivers who are in the right lane and then try to steer away 
as they enter the situation. The steering option is therefore negligible and will not be more 
thoroughly analysed in this scenario. However, the statistics show that the steering option is used 
when a higher speed is kept. The steering option is much faster than the brake option and the 
mean SWRT is lower than half the BRT. This could be a result by chance but since the SWRT 
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are shorter than the BRT in all scenarios it has probably at least some reliability. The steering 
option is more successful in the U scenarios than in the K scenarios. Plots can be investigated in 
the corresponding appendix. 
 
Distributions 
When plotting the BRT against the speed, as in the K-scenarios, there is no obvious pattern 
found. The entries are scattered and entries holding both collision and non-collisions can be 
found for all speeds and BRT´s. The outcome of the scenario, whether the driver has collided or 
not, has to depend on another factor.  
 
As a first test to find some patterns the data was sorted into different categories depending on 
the distance between driver and mover at the point where the driver brakes.  

 
Figure 27 - U1 BRT plotted against speed 
Divided into different groups by distance to the mover. (1) Holds the entries for the shortest distances and (4) the 
entries for the longest. As expected the rate of occurred collisions is lower the larger the distance gets.  
 
From these plots a pattern is starting to get visible. The problem in the scenario is apparently 
that the position of the driver when the lead car is braking can vary a lot. Instead of dividing the 
result into different groups based upon the distance between the driver and the mover, the  
BRT ´s could be considered as a function of the TTC. These new BRT values are simply 
calculated as the BRT divided by the TTC, using the TTC as normalization. 
 

TTCBRTnewBRT /=  
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This may seem odd but is actually the same thing as dividing the results by distance but with the 
TTC as normalization the kept speed is also taken into consideration. The new, normalized 
BRT’s are plotted against speed. 
 

 
Figure 28 - U1 modified BRT plotted against speed 
 
With the new reaction times, modified by the TTC, a pattern can be found among all files, which 
is that the fact if the driver collides or not is dependent on the normalised BRT. As with the 
other scenarios the deceleration is also a factor.  
 
Summary 
The percentage of valid files from this scenario is at the same level as the other scenarios, i.e. 
quite low. The reason to the low percentage in this scenario is however not the speed kept. One 
big loss is the drivers which chooses to overtake the braking lead car and therefore fails to enter 
the situation as intended. The other problem is the distance between the lead car and the driver. 
The distance between them as the lead car brakes varies a lot and the BRT´s will therefore also 
vary. There are almost no drivers that try to steer away from the car instead of braking. 
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2.5.5 U4 
 
Drivers braking to avoid the situation 
The result from the analysis is presented in the table below. There are a total of 1761 files that 
hold a full U4 scenario. Out of these 1761 files there are 289 files (~16%) that is considered valid 
after applying all the criterions. Data for the valid files are also divided into groups of files where 
collisions have / have not occurred. 
 
The overall mean speed of the scenario is 58.8 km/h and for the valid files it is 56 km/h. As in 
the U1 scenario the speed is not the reason to why so few BRT´s are registered.  
 

Files containing a full 
scenario 

Valid files out of the 
full files 

Percentage of valid 
files among the full 
files 

1761 289 16,41 
   

  Amount 
Percentage of the 

valid files(%) 
Collisions of the valid 
files 64 22,15 
Non-collisions of the 
valid files 225 77,85 
   

Files 
Mean speed braking 1 

(km/h) * 
Mean speed steering 

1 (km/h) ** 
Mean speed steering 

2 (km/h) *** 
All U4 58.80 58.80 58.80 
Valid files 56.03 59.02 57.62 
Valid files, collision 57.45 - - 
Valid files, no collision 55.49 - - 

 
Table 5 - U4 general statistics 
* The mean speed among drivers braking. Measured at the time where the corresponding log message is sent 
** Mean speed among drivers steering. Measured at the same time as * 
*** Mean speed among drivers steering. Measured when a steering reaction is registered 
 
 
Drivers that are in the wrong lane before the scenario 
There are a total of 235 drivers that decides to overtake the lead car and drive in the other lane. 
That corresponds to over 13% of all files and is almost as many as are considered valid. So this 
could be one explanation to the low amount of valid files. 
 
Drivers steering to avoid the situation 
29 out of 1761 (~1.64%) drivers steer away from the situation. It is too few files to get any 
decent distributions but some general statistics can be found. First of all, as in all other scenarios, 
the SWRT seems to be choice when the speed is higher. The mean SWRT is lower than half the 
BRT for the U4 scenario. As with the U1 scenario the steering option has proven quite 
successful in this scenario with relatively many drivers avoiding collision. 
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Distributions 
As in the U1 scenario there is no pattern in the distribution among the files from the U4 
scenario. The outcome of the scenario, whether the driver has collided or not, has to depend on 
another factor.  
 
With the knowledge from the U1 analysis a normalization of the BRT is performed by dividing 
with the TTC. 
 

TTCBRTnewBRT /=  
 
With the new modified BRT plotted against the speed, a pattern in the distribution is starting to 
get visible, which is that the fact if the driver collides or not is dependent on the normalised 
BRT. As with the other scenarios the deceleration is also a factor. However, there are still a lot of 
questionable entries.  

 
Figure 29 - U4 modified BRT plotted against the speed 
 
There are a lot of log files with incomplete U4 scenarios, e.g. log files with U4_start but no 
U4_stop. The incident car in the scenario is a slow driving red Volvo S70. A few possible 
reasons to why there are incomplete U4 scenarios have been found.  
 

1. The driver changes to the left lane and passes the incident car, which will result in files 
without a stop trigger. 
 

2. The U4 scenario starts with the driver in a city environment where the speed limit is 50 
km/h. When the driver leaves the city area the speed limit changes to 70 km/h, but this 
information is never given with a road sign. It's possible that drivers miss the transition 
to rural area and therefore the changed speed limit, which means that they will be driving 
slow and therefore will get too far behind the incident vehicle to pass the stop trigger. 
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The driver has about 2 minutes to complete the scenario and if the speed is to slow, the 
driver will not be able to reach the stop trigger in time. 

 
3. After the situation the driver is supposed to turn to the right in the crossing where the 

stop trigger is located. There are a lot of drivers that chooses to drive straight ahead in 
the crossing and will therefore fail to enter the point that triggers the stop log message. 

 
4. Since the U4 scenario is placed on the same location as other scenarios, only inverted, 

triggers might be trigged by accident when driving in the other scenario. This is probably 
quite common, especially with the usage of large trigger points. 

 
Summary 
The percentage of files where a brake signal has been registered is in level with the other 
scenarios. One explanation to the few registered brake signals is, as in the U1 scenario, that a lot 
of drivers choose to overtake the lead car and will therefore not experience the scenario at all. 
Overall the U4 data and results are questionable. Even when normalising the BRT by TTC no 
satisfying distributions can be found. The amount of files holding the U4 scenario (1761 or 23 % 
of all scenario files) are also remarkable high. And apart from the files holding a full scenario, 
there are a lot of files that holds only U4 start messages without any stop messages. This 
indicates that the U4 trigger points are trigged even when they are not supposed to. This will be 
investigated and discussed in chapter 11.3.2. There are a few drivers steering, an option that has 
proven quite successful in this scenario.  
 

2.5.6 M1 
In the M scenarios, drivers tend to experience the urgency in the scenario in different ways from 
driver to driver. This leads to a wide spread of reaction patterns and therefore spread reaction 
times. Some drivers experience the situation as more urgent than others and this has a large 
impact on the type of reaction and the SWRT. The analysis of the M-scenarios has its focus on 
the importance of the driver lane position to determine why drivers react in different ways. 
 
Files containing a full scenario Nr of valid files Valid files of full files 
1466 806 54,98% 
 
Table 6 - M1 number of files after criterions applied 
 
After the criterion is applied (correct lane offset), 55% of the files are considered as valid. The 
reason to the high amount valid files compared to the K and U scenarios is that the scenario is 
on a country side road, with no crossings where the driver can turn away from the desired path.  
 
Type of reaction 
Out of the 806 valid files there are 548 files where the driver steers to the right, corresponding to 
~67,99 %. All kind of reactions are presented in the table below. 
 
Type of reaction Nr of drivers %  
Steering left 13 1,61% 
No steering 245 30,40% 
Steering right 548 67,99% 
 
Table 7 - M1 Type of reaction 
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There are three main types of reactions: steering right, steering left or no steering. As expected in 
this type of situation, a majority of the drivers reacts by steering right (68%). The three types of 
reactions can be further decomposed as can be seen in the table below. 
 
Type of reaction Nr % of the 

806 valid 
files 

Out of lane* % of the 
492 out 
of lane 
drivers 

Out of Road* % of the 
10 out of 
road 
drivers 

 
Right, no brake 520 64,52% 428 86,99% 8 80% 
Right and brake 28 3,47% 22 4,47% 1 10% 
Straight, no brake 230 28,54% 29 5,89% 1 10% 
Straight and brake 15 1,86% 3 0,61% 0 0% 
Left, no brake 12 1,49% 10 2,03% 0 0% 
Left and brake 1 0,12% 0 0% 0 0% 
 
Total 806  492 61,04% 10 1,24% 
 
Table 8 - M1 type of reactions and consequences of the reaction 
 
Out of lane* - the driver has an offset less than -1.187 meter, meaning that the right side of the driver car are at 
least 50cm out on the road verge. 
 
Out of road* - the driver has an offset less than -3.887 meter, meaning that the right side of the driver car are 
outside the road verge (3.2 meter wide). Drivers with a lane offset this big will in reality be far out of the road. 
 
The most common reaction is to steer right without pressing the brake (64,52%). 
It is remarkable how many drivers which leaves the roadway. 61% of all drivers are driving more 
than 0.5 meters out on the road verge. The road verge in the simulator environment is 3.2 meters 
wide (the same width as the lane), compared to the road verge at a real Swedish road where the 
width is between 0.25 – 0.50 meters at roads with a speed limit of 70-90 km/h. 5,3% of the 
drivers brake and it is to few to see any patterns. 
 
Initial lane position 
 
Left Centre Right 
1,99% 85,36% 12,66% 
 
Table. Distribution of the lane position in M1 
 
 Initial lane position Steering option 
Type of reaction  Left No steering Right 
 Left 12,50% 25,00% 62,50% 
 Centre 1,60% 33,28% 65,11% 
 Right 0% 11,76% 88,24% 
 
Table 9 - M1 impact of lane position on the type of reaction 
 
The table shows that despite the lane position of the driver, the most common reaction is to 
steer right. The meeting situation occurs in a left curve and a lane position to the right is not 
expected as many drivers would like to cut the curve, giving a lane position to the left. 13% of 
the drivers have an initial position to the right. In reality it is not a normal behaviour to drive on 
the road verge.  
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Distributions of SWRT and SWRR 
For the drivers that reacts by steering right or left it is not possible to automatically find a point 
of reaction for all drivers. The algorithm does not find the point of reaction if the driver has a 
constant steering wheel angel. The reason is that the algorithm searches for points were the 
steering wheel derivate changes. Some drivers tend to have a constant steering wheel angle 
during the time period were the algorithm operates, and the SWRT can not be measured for 
these drivers. These drivers are not of interest anyway since they are not behaving in a normal 
way. Reaction times could be measured from 459 of the 561 drivers that turned right or left 
(82%).  
 

 
Figure 30 - M1 SWRT plotted against speed 
 
The SWRT decreases when the driver speed increases. As expected, the SWRT are spread out. 
One explanation is that the urgency in the situation may be experienced in different ways from 
driver to driver. If a driver experiences the urgency as high he or she will probably react quite 
fast to be sure to avoid the situation. A driver that experience the urgency as low might wait a 
little longer until he or she makes a decision. Another reason is that it is also hard to tell when 
the driver actually detects the situation at all. The algorithm finding the point of reaction 
operates on the steering wheel signal and because of the high number of steering wheel 
corrections, which is an effect of the lack of physical response and the road dimensions it is not 
always the correct point of reaction found. The road has dimensions as a road with a speed limit 
of 70km/h and when driving at a speed of 90km/h the road is experienced as narrow, with a 
high number of steering wheel corrections as a result. Since the time of detection can vary a lot, 
scattered SWRT entries can be expected.   
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Figure 31 - M1 SWRR plotted against speed 
 
The Steering Wheel Reversal Rate (SWRR) was intended to be a measure to analyse the driver 
behaviour. In this study it was not possible to find a general analysis method based on the 
SWRR. The only pattern that could be found was that the SWRR increases linearly as the speed 
is increased. The SWRR is also higher on parts of the road where it is more difficult for the 
driver to follow the road as in long turns. 
 
Speed (km/h) Mean SWRT (seconds) Mean SWRR (reversals/minute) Percent of valid files 
< 80 3,11 38,97 21,30% 
80-100 2,37 40,68 53,10% 
>100 1,78 45,53 25,60% 
 
Mean of all 2,40 41,55  
 
Table 10 - M1 SWRT and SWRR dependent of speed 
 
53% of the drivers with a correct lane offset (valid files) have a speed between 80-100km/h 
which is the desirable speed in this scenario. 1,7% of the drivers collides with the meeting car.  
 
Summary 
The urgency in the scenario is low, which makes it possible for drivers to avoid a collision 
without steering. The lane position does not play any significant role on the type of reaction, but 
too many drivers have a lane position to the right. A high amount of drivers have an offset 
which gives them a position more than 0.5 meters out on the road verge. The road verge is 
3.2meters wide, which is much wider than in reality. The explanation to the high number of 
drivers that drives on the road verge can be that the width of the lane (3.2 meters) corresponds 
to the width of a road with speed limit 70km/h. Drivers may experience the road as narrow at a 
speed around 90km/h and therefore sometimes choose to drive on the road verge, which looks 
perfectly fine to drive on. [D] If the verge were less wide and looked less appealing to drive on 
this behaviour would probably be reduced. In reality the road verge on a road with a speed limit 
of 90km/h is 50cm. [I5]  
 
It was not possible to use the SWRR measure to analyse the driver behaviour. The SWRR is 
higher on parts of the road where it is more difficult for the driver to follow the road as in long 
turns. The SWRR increases linear as the speed increases but are too spread to make any 
conclusions from.  
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2.5.7 M2 
 
Nr of files Nr of valid files Percent 
1264 468 37,03% 
 
Table 11 - M2 - Number of files after criterions applied 
 
After the criterion has been applied (correct lane offset), 37% of the files are considered as valid. 
The reason to why fewer files are valid in the M2 scenario is probably the fact that the road in 
M2 are curvier, which makes it harder for the driver to keep an acceptable lane position.  
 
Type of reaction 
Out of the 468 valid files there are 358 files where the driver steers to the right, corresponding to 
~76,50 %. All kind of reactions are presented in the table below. 
 
Type of reaction Nr of drivers %  
Steering left 26 5,56% 
No steering 84 17,95% 
Steering right 358 76,50% 
 
Table 12 - M2 Type of reaction 
 
As expected in this type of situation, a majority of the drivers reacts by steering right (76,50%). 
The explanation to the high amount of drivers that steers right is that the meeting mover has a 
larger offset than in M1. I.e. it gets further in to the wrong lane, which triggers a stronger 
reaction from the driver. The driver needs to steer right to avoid a collision. The three types of 
reactions can be further decomposed as can be seen in the table below. 
 
Type of reaction Nr % of the 

468 valid 
files 

Out of lane* % of the 
363 out 
of lane 
drivers 

Out of Road* % of the 
17 out of 
road 
drivers  

 
Right, no brake 322 68,80% 297 81,82% 14 82,35% 
Right and brake 36 7,69% 34 9,37% 2 11,76% 
Straight, no brake 71 15,17% 17 4,68% 0 0% 
Straight and brake 13 2,78% 3 0,83% 0 0% 
Left, no brake 19 4,06% 10 2,75% 1 5,88% 
Left and brake 7 1,50% 2 0,55% 0 0% 
 
Total 468  363 77,56% 17 3,63% 
 
Table 13 - M2 type of reactions and consequences of the reaction 
 
Out of lane* - the driver has an offset less than -1.187 meter, meaning that the right side of the driver car are at 
least 50cm out on the road verge. 
 
Out of road* - the driver has an offset less than -3.887 meter, meaning that the right side of the driver car are 
outside the road verge (3.2 meter wide). Drivers with a lane offset this big will in reality be far out of the road. 
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The most common reaction is to steer right without hitting the brake (69%). 
There are even more drivers that steers out of the lane than in M1 (78%). This is a very high 
amount of drivers. At a real road with a road verge between 0.25 – 0.5 meters width, the drivers 
would have crashed. The urgency forces drivers to make a larger steering reaction and 3,6% are 
out of road. 12% of the drivers brake, which is more than in the M1 scenario but still less than 
can be expected.  
 
Initial lane position 
 
Left Centre Right 
1,50% 76,50% 22,00% 
 
Table. Distribution of the lane position in M2 
 
 Initial lane position Steering option 
Type of reaction  Left Centre Right 
 Left 42,86% 0% 57,14% 
 Centre 5,59% 20,39% 74,02% 
 Right 2,91% 10,68% 86,41% 
 
Table 14 - M2 impact of lane position on the type of reaction 
 
The table shows that 22% of the drivers have an initial lane position to the right. It is not a 
normal behaviour to drive on the road verge and the meeting situation occurs in a left curve and 
a lane position to the right is not expected as many drivers would like to cut the curve, giving a 
lane position to the left. Despite the initial lane position, the most common type of reaction is 
steering right. 
 
Distributions of SWRT and SWRR 
For the drivers that reacts by steering right or left it is not possible to automatically find a point 
of reaction for all drivers. The algorithm does not find the point of reaction if the driver has a 
constant steering wheel angel. The reason is that the algorithm searches for points were the 
steering wheel derivate changes. Some drivers tend to have a constant steering wheel angle 
during the time period were the algorithm operates, and the SWRT can not be measured for 
these drivers Reaction times could be measured from 358 of the 384 drivers that turned right or 
left (93%).  
 

 
Figure 32 - M2 SWRT plotted against speed 
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The SWRT decreases when the driver speed increases. As expected, the SWRT are spread out. 
One explanation is that the urgency in the situation may be experienced in different ways from 
driver to driver. If a driver experiences the urgency as high he or she will probably react quite 
fast to be sure to avoid the situation. A driver that experience the urgency as low might wait a 
little longer until he or she makes a decision. Another reason is that it is also hard to tell when 
the driver actually detects the situation at all. The algorithm finding the point of reaction 
operates on the steering wheel signal and because of the high number of steering wheel 
corrections, which is an effect of the lack of physical response and the road dimensions it is not 
always the correct point of reaction found. The road has dimensions as a road with a speed limit 
of 70km/h and when driving at a speed of 90km/h the road is experienced as narrow, with a 
high number of steering wheel corrections as a result. Since the time of detection can vary a lot, 
scattered SWRT entries can be expected.   
 

 
Figure 33 - M2 SWRR plotted against speed 
 
The Steering Wheel Reversal Rate (SWRR) was intended to be a measure to analyse the driver 
behaviour. In this study it was not possible to find a general analysis method based on the 
SWRR. The only pattern that could be found was that the SWRR increases linearly as the speed 
is increased. The SWRR is also higher on parts of the road where it is more difficult for the 
driver to follow the road as in long turns. 



 58

 
Speed (km/h) Mean SWRT (seconds) Mean SWRR (reversals/minute) Percent of valid files
< 80 4,73 39,21 28,85% 
80-100 3,49 44,01 47,65% 
>100 2,64 46,40 23,50% 
 
Mean of all 3,68 43,19  
 
Table 15 -M2 SWRT and SWRR dependent of speed 
 
48% of the drivers with a correct lane offset (valid files) have a speed between 80-100km/h 
which is a desirable speed in the scenario. 16% collides with the meeting car, which is much 
higher than in the M1 scenario. The high amount of collisions verifies that the urgency in the 
scenario is higher than in the M1 scenario.  
 
Summary 
The urgency in the scenario is high. It is hard to avoid a collision without steering. The lane 
position does not play any significant role on the type of reaction, but many drivers have a lane 
position to the right. It is not a normal behaviour to drive on the road verge and the meeting 
situation occurs in a left curve and a lane position to the right is not expected as many drivers 
would like to cut the curve, giving a lane position to the left. Despite the initial lane position, the 
most common type of reaction is steering right. 3,6% of all drivers are out on the grass (out of 
road).  This can be considered as a high amount and probably depends on the wide road verge 
and the flat grass area, which looks perfectly fine to drive on. As in the M1 scenario, the wide, 
fully driveable, road verge is probably the reason to why 78% of the drivers choose to drive a 
least 50cm out on the road verge as they try to avoid the situation. Another explanation to the 
high number of drivers that drives on the road verge can be that the width of the lane (3.2m) 
corresponds to the width of a road with speed limit 70km/h. Drivers may experience the road as 
narrow at a speed around 90km/h and therefore sometimes choose to drive on the road verge, 
which looks perfectly fine to drive on. [D] 
 
It was not possible to use the SWRR measure to analyse the driver behaviour. The SWRR is 
higher on parts of the road where it is more difficult for the driver to follow the road as in long 
turns. The SWRR increases linear as the speed increases but are too spread to make any 
conclusions from.  
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2.6 Drivers helped by an EBA system 
 
The relationship between BRT and speed and how they inflict the outcome of the situation is 
not easy to determine. A first and easy test to find drivers that can be helped by an EBA system 
is to investigate the plots from the scenarios. Drivers which have collided for a BRT and speed 
where others have avoided collision have not used enough brake power. It is obvious that these 
drivers can be helped by an EBA system. 

 
Figure 34 - Drivers helped by a EBA system 
Plot from K3. The black line connects drivers with maximal BRT and speed which have avoided collision. 
 
The entries with maximum BRT and speed, where collision have been avoided, can be 
connected with a line to create a border. This is not a correct or very accurate method but 
illustrates the problem in a good way. The entries to the low left of the figure, spanned by the 
black line, should all be able to avoid collision. In this example there are 35 entries where a 
collision has been detected among the entries which are spanned by the black border. There are 
121 drivers colliding in the scenario now, which is about half (49.59% of 244 files) of the valid 
files. If the 35 collisions spanned by the border can be avoided, using an EBA system, the total 
amount of collisions would be reduced to 86 files. This will be a reduction of the number of 
collisions by almost 30%. 
 
If the same analysis is performed for all scenarios where the BRT is measured (the M scenarios 
hold too few drivers that are braking to analyse the benefits of an EBA system.) the reduction of 
collisions will be as follows 
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  Reduction of collisions (%)
K2 13,3333% 
K3 28,9256% 
K5 20,8333% 
U1 24,5614% 
  
Total 21,9134% 

  
Table 16 - reduction of collisions 
 
An overall reduction of almost 22% of the collisions has to be considered as a major 
improvement. Apart from these files where a collision can be avoided with the aid of the system, 
there are other drivers which also could have been helped by the system. When investigating the 
statistics it is found that very few drivers actually use the cars full potential brake power. It is 
probably correct to make an assumption that drivers that have collided have experienced a highly 
critical situation. To avoid the critical situation, an optimal behaviour would be to apply 
maximum brake power. To examine the amount of brake power these drivers actually apply, the 
mean value of the brake pedal can be investigated from the time that the driver first hit the brake 
until that he or she has collided. A full brake signal has the value 1. The brake signal is registered 
as soon as it reaches a value above 0.2. If the driver hits the brake pedal with full force it reaches 
its maximum level in only a few frames. Therefore, plenty of high mean values, close to 1, would 
be expected for these situations.  
 

 
Figure 35 - mean brake amount from colliding drivers 
Histogram of the mean brake amount applied by the colliding drivers. 1 means full brake power. 
 
As seen in the figure, about 50 drivers out of 121 have used maximum, or close to maximum, 
brake power. There are a lot of drivers which have used less brake power and in some cases 
almost no brake power at all. At least half of the drivers have used a brake power so insufficient 
that an EBA system would have made a major difference. However, the characteristics of the 
brake pedal characteristics in the simulator do not feel very realistic. The stroke of the pedal is 
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much shorter than in a real car. This means that drivers might depress the pedal in a way that 
usually would lead to an effective stop but will not in the simulator.  
  
Many of these drivers will still probably collide with the EBA system but as the speed decreases 
the severity of the collision will be decreased as well.  
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2.7 Trust ability of Reaction Times 
 
There are some limitations in the simulator hardware. The lack of physical response in the 
simulator makes the simulator difficult to handle, or at least different to handle compared to a 
real car. There is also limitation in the field of view. The display does only show the simulation in 
front of the car, in the direction the user is heading. This makes it difficult to make large turns as 
in a crossing. Since the user can not look ahead in the direction in which the car is turning 
towards, it is hard to interpret how much the steering wheel has to be turned to complete the 
turn. This combined with questionable feeling in the brake pedal implies some unnatural 
behaviour and sometimes leads to questionable reaction times due to the difficulties finding 
correct points of reaction. [P1] [D] 
 
The obtained reaction times could be compared with reaction times from other studies to 
investigate their trust ability. Since there are almost only mean values available from other studies 
the results have to be compared as mean values. It is also important to compare values that are 
gained from similar scenarios or at least from situations where the time to collision and speed 
kept is somewhat similar. This was proven hard to do as the conditions vary a lot between 
different studies. The obtained results are however in range with reaction times from other 
studies with somewhat similar conditions. Slightly longer times were expected for some of the 
scenarios where the situation is a total surprise intrusion as this normally prolongs the reaction 
times [P1]. This could be an effect of some of the faulty methods used in the old software, 
further discussed in chapter 3.3. 
 

  

Brake 
reaction 
time (s) 

Time to 
collision 
(s) 

Distance 
to 
collision 
(m) 

Mean 
speed 
(km/h) 

K2 1,02 2,23 27,63 45,66 
K3 1,29 3,19 38,44 45,98 
K5 0,94 1,91 25,51 49,98 
U1 1,29 1,60 20,78 47,12 

 
Table 17-  Reaction times and conditions for the different scenarios 
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2.8 Differences between sub groups 
 
To find differences in the statistic between different groups is not really the aim of this project 
but since interesting statistics have been found results will be presented and a shorter discussion 
held. The general statistics presented, as the difference between adults and under aged groups, 
includes data from all the scenarios while more detailed statistics regarding license, specific ages 
among adults, gender etc. are taken from the K and U scenarios only. The M-scenarios fails to 
show any valid distributions from the sub groups. All the statistics can be further examined in 
the corresponding appendix. 
 

2.8.1 Age 
 
Valid files 
There have been no deeper analysis on the statistics from the under aged group (since that data 
is not trustworthy enough) but some general statistics can be presented. First of all, as expected, 
there is a much smaller part of the original data that are counted as valid. After all sorts have 
been performed and all criterions applied there are 10% of the files coming from the adult group 
that are counted as valid. For the underage group the same number is 5%. 
 
Group Nr of drivers Files containing a full scenario (%) Valid files (%) * Total (%) *
Adults 12 927 61,30% 16,28% 9,98% 
Under age 30 080 53,60% 9,33% 5,00% 
 
Table 18 - Differences between adults and under aged drivers 
 
Valid files * - Percentage of valid files of the files containing a full scenario  
Total * - Percentage of valid files of all. 9.98% of the adults (12927 files) are valid 
 
Steering option 
Another interesting observation is the amount of drivers that chooses to steer away instead of 
braking in the K and U scenarios. In the adult group, the amount that chooses to steer is quite 
low as expected. Less than 3% of the valid data contains drivers that have chosen to steer instead 
of brake. 19% of the data contains drivers that have braked. So there are about 1 out of 7 drivers 
that are steering instead of braking.  
 
Surprisingly the analysis of the under age group showed a totally different pattern. The steering 
option is much more common in this group than among the adults. The different behaviour 
between adults and children can be explained by the learned behaviour. Adults with experience 
and driving behaviour have learned that braking is a more successful behaviour when avoiding a 
collision. Another explanation can be that children are used to play video games where the best 
type of reaction often is to steer rather than braking, especially in racing games.   
 
It is, however, an interesting observation. It is likely to believe that some of this behaviour will 
remain for a while as a person starts his or hers driving career. If this can be proved, connections 
could also be made between specific accidents and the choice to steer instead of brake among 
inexperienced drivers. If the problem is big enough, this could be something that could be 



 64

corrected by the usage of some type of active safety system. For example an automated brake 
assist system that is activated when the steering wheel corrections are big and fast enough. 
 
The table shows how many of the drivers logged for a full scenario that choose to steer away 
from the situation. 
 
Group K2 (%) K3 (%) K5 (%) U1 (%) U4 (%) Total (%) * 
Adults 5,13% 4,44% 1,30% 1,13% 2,04% 2,81% 
Under aged 5,63% 4,90% 2,94% 1,80% 4,02% 3,86% 

  
Percentage of more 
files among the under 
aged than among 
adult drivers 9,75% 10,36% 126,70% 59,29% 97,05% 37,37% 

 
Table 19 - steering in K and U scenarios 
This table shows how many drivers that belongs to a scenario that chooses to steer. First row shows how many that 
steers among the adult drivers, the second among the under aged drivers. The last row shows how much more of the 
under aged drivers that choose to steer. 
 
Total * - mean value of all scenario percentage 
 
As seen in the table the steering option is much more popular among the under aged drivers.  
 
Amount of steering drivers / amount of braking drivers 
The difference is even more obvious if the amount of drivers that steer are put in relation to the 
amount that brakes. Since there is a higher rate of drivers braking among the adults this would 
make the difference even bigger. The percentages below are the amount of steering drivers 
divided by the amount of braking drivers for each scenario. For example there are 34 steering 
drivers among the adults in K2 while there are 111 braking drivers for the same scenario. The 
rate at which drivers tends to steer compared to how often drivers are braking are therefore 
34/111 = 30.63… %. 
 
Group K2(%) K3(%) K5(%) U1(%) U4(%) Total(%) * 
Adults 30,63% 13,93% 9,84% 7,07% 12,46% 14,79% 
Under aged 48,20% 26,01% 53,69% 19,23% 30,50% 35,53% 
  
Difference 57,36% 86,66% 445,85% 171,97% 144,85% 140,20% 
 
Table 20 - steering drivers relative braking drivers in K and U scenarios 
 The table shows the amount of steering drivers relative the braking drivers. This rate is much higher among the 
under aged drivers. 
 
Total * - mean value of all scenario percentage 
 
The explanation to why under aged drivers steer more often than adults is probably that fact that 
they have no driving experience. The reflex, automated behaviour to hit the brakes in a 
dangerous situation, is something that is learned when handling real cars. [P1] From a traffic 
safety perspective this could be an important observation. If it can be proved that other 
inexperienced drivers, not only under aged drivers without a driver license, tend to rely on 
steering instead of braking, an active safety system could be developed to handle this.  
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Collision / no collision 
Another clear difference in the statistics can be found between the both groups of adults (18-39 
and 40+) when it comes to the ability to avoid collision. The older drivers tend to avoid collision 
more successfully than the younger drivers. The drivers in the older group manage to avoid 
collision about 10% more often than those in the group containing the younger drivers. In some 
cases the difference is even bigger. (See corresponding appendix)  The only parameter found in the 
statistics that can explain this difference is the speed. The drivers in the 40+ group tend to keep 
a lower speed and therefore manage to avoid collision more often. The BRT and deceleration are 
almost the same in both groups or even slightly better in the younger group. This does also 
match with previous observations, showing that the speed is the most important factor for the 
result. The behaviour to drive slower among the elderly drivers is quite general and can be found 
in all files, not only among the valid files. This complies with other studies performed. [P4] 

2.8.2 Female / male 
From other studies [P1] it has been proven that there is often no (or very small) differences in 
reaction times between males and females. Some studies have shown that men could have 
slightly shorter reaction times but none have shown that female have faster reaction times than 
males. 
 
This agrees with the results from the analysis where males can be found to have a little faster 
reaction time in most scenarios but not in all. The same small advantage among males can be 
seen when it comes to collision results and deceleration measures. However, none of these 
differences are big or general enough to claim any convenient difference.  

2.8.3  License / no license 
First of all, there are more licensed drivers that are logged for a full scenario. The licensed drivers 
manage, at a higher rate, to drive within speed limits and keep their car on the road. 65% of the 
logged files from licensed drivers hold a full scenario. For the unlicensed drivers this number is 
53%. After the different analysis criterions have been applied even more unlicensed drivers are 
sorted out. Of the original data there are about 13% of the licensed drivers that are counted valid 
and 6% of the unlicensed.  
 
Group Nr of drivers Files containing a full scenario (%) Valid files (%) * Total (%) *
License 9 046 64,77% 19,80% 12,82% 
Non license  3881 53,23% 12,20% 6,49% 
 
Table 21 - Differences between licence and no license 
 
Valid files * - Percentage of valid files of the files containing a full scenario  
Total * - Percentage of valid files of all. 12.82% of the adults (9046 files) are valid 
 
Before the research started the licensed drivers were expected to perform better than the 
unlicensed drivers when it comes to reaction times and collision avoidance. Unfortunately there 
are too many files from unlicensed drivers that are sorted out, that the remaining files are too 
few to get any valid distributions. This makes it hard to get any relevant statistics from the valid 
unlicensed group. If investigating all files, even the non valid, it can be found that the licensed 
drivers have a slightly slower overall speed.   
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The conclusion is that a lot of the unlicensed drivers fail to enter the scenario at all but those 
who does show no significant difference from the licensed drivers. There is about twice as high 
percentage of the licensed drivers that gives valid files as the unlicensed drivers. 
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3 Update suggestions 
 
Scenarios are developed and configured for a controlled (monitored) simulator study. Drivers in 
a monitored study tend to be more alert to situations and their surroundings. [P1] This means 
that drivers in a monitored simulator are more concerned about keeping the speed limit. 
Therefore, the scenarios are adapted to the speed limit of the road or in some cases even slightly 
lower than the allowed speed. In the unmonitored Universeum simulator, drivers tend to keep a 
higher speed and therefore the scenario will not function as intended. The goal is to make the 
scenarios more insensible to driver behaviour and still keep the drivers’ right to choose his or 
hers own driving style. 
 

3.1 General updates 

3.1.1 Age groups 
All data from the simulator comes sorted on age, gender and whether the driver has a license or 
not. The different groups of ages are 0-12, 13-17, 18-39 and 40-99. Since some significant 
differences have been found in the statistics between the groups of adults it would be interesting 
to break down the groups to groups with narrower intervals of age. A suggestion would be to 
group the adults into groups consisting of people from 18-24, 25-39, 40-65 and 65-99. These 
groups have been proven to show some difference when it comes to reaction times and 
experience [P1]. For the under aged drivers, the groups could be kept or put together in a single 
group. 
 
On the other hand it is uncertain how many users that really chooses their right age. However, 
considering the difference in the statistics that have been found in current groups of age, it 
would be interesting to see if more groups can give even more reliable data with greater diversity. 
 

3.1.2 Logging the position of the mover 
The position of the mover is not available in the log files. Whenever the position of the mover 
was needed during the analysis it had to be derived by using the position of the driver and the 
distance between the mover and driver given in x,y,z coordinates. If the mover position was 
logged from the beginning, time and unnecessary calculations could be avoided. 
 

3.1.3 Reward for correct behaviour 
To encourage drivers to drive as good as possible, they could be rewarded for this. For example 
a high score list could be implemented that stores points for the drivers based upon their driving 
skills. Parameters that give credits could be time on/off road, how well the speed limit is kept 
etc. 
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3.1.4 Get acquainted with the simulator dynamics  
Due to the lack of physical response in the simulator (such as g-forces when turning and braking 
etc) and some shortcomings when it comes to the feeling of the controls, it takes some time for a 
user to “learn” how to drive the simulator. Therefore, a user should be allowed to drive a little 
longer and test the pedals and steering wheel, before the actual scenario begins. Now there are 3 
different starting positions for each scenario. Common for all these positions is that they are 
located quite close to the actual scenario event. After a scenario has been logged, the user gets to 
drive an unnecessary long time until the simulator terminates the session. If the user could spend 
that time, now located after a scenario, before the actual scenario, the user would probably be 
able to respond in a more successful way to the events in the scenario. 

3.1.5 The usage of Points or ExactPoints  
In the original software, large points are used in a wide extent. This is not ideal as these big 
points cover both lanes on a road or, as in the example above, an entire crossing. Imagine that 
the point is a trigger that sends the start message for a scenario. If the exact point is used the 
point will be trigged if the driver is located in the right lane of the right path. It will also be 
trigged if the driver is halfway into the left since it is the centre point of the vehicle that has to be 
inside the circle.  
 
If the large point is used, the start message will be sent even if the driver drives in the left path in 
the opposite direction and also if the driver is entering the crossing from the left, heading 
straight through it. With a large point drivers can drive 10 meters beside the road and still 
manage to trig a scenario. To use an exact point is an easy way to sort out drivers that shows an 
unwanted behaviour. To trig the exact points the driver has to keep the car on the road and not 
to far from the intended lane. 
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3.2  Graphical updates 

3.2.1 Avoiding the road verge 
The road verge running alongside the surfaced roads in the simulator world, is a wide and flat 
area, actually as wide as the road itself (3.2meter), which works perfectly fine to drive on. In 
reality the verge is a dangerous place to drive on and a normal behaviour would be to avoid 
driving on the road verge as much as possible. Even a single tire outside of the surfaced road can 
lead to loss of control and a possible accident. 
 
By getting the verge to look less suitable to drive on, the driver would hopefully keep the car on 
the road at a higher rate than before. This could be done by adding an obstacle on the verge. 
After consideration together with the creators of the old simulator software the best suggestion 
was to use a guard rail. The implementation of a rail and how that could enhance especially the 
M-scenarios will be further discussed under the M-scenario updates. 

3.2.2 Additional objects and computer controlled cars 
When the simulator software was first designed the number of graphical objects and computer 
controlled vehicles were limited due to lack of computing power in the hardware. With the 
computing power and graphical possibilities available in the Universeum simulator the intense 
and complexity of the graphics could probably be increased. This gives possibilities to add more 
general objects to the nature at the side of the road and also to add more computer controlled 
cars (movers). This would lead to more realistic and stimulating surroundings. To get the driver 
to glance away from the road from time to time to look at the surroundings would lead to a 
more realistic behaviour. There are other, more direct benefits with additional movers. First of 
all, the possibilities to drive in the wrong lane and other places not supposed to, can be reduced 
if there are movers blocking the driver.    

3.2.3 Speed limit information 
The road net in the simulator is built by smaller road pieces called paths. These paths have the 
same speed limit for its entire length. Therefore, it is only when a new path starts that the speed 
limit is changed. At the start of each of these paths, a speed limit sign is mounted. These speed 
limit sign is integrated in the model as well as trees and other attributes and can therefore not be 
relocated or removed. The problem is that when a simulation starts, the driver starts at a random 
starting point before a scenario (there are three possible starting points for each scenario). Since 
these starting points can be located anywhere along a path there are no speed limit signs where 
the driver starts, meaning that the driver is not given any information of the speed limit on the 
current road until he or she reaches the next path, thousands of meters away.  
 
This has been observed during the analysis and was also commented by many users at 
Universeum in the monitored session. There were a lot of drivers that asked about the current 
speed limit. If they were not informed about the speed limit, they ended often up speeding, 
slowing down only when the speeding warning sign got visible. This is actually a huge problem 
as many scenarios are very sensitive to speed and will malfunction if the driver are going to fast 
or slow. The speed limit has to be clearly presented to the driver at all possible starting positions. 
There are also some places along the road where the speed limit is changed but speed limit signs 
are missing. This happens when a scenario is located in the opposite direction from which the 
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road net is built. The speed limit sign are only visible from the other direction. At these places, 
sign have to be added manually. 

3.3 Scenario parameters 
 
There are two main issues when it comes to the scenario characteristics. These are in direct 
connection with the goals of the entire study. First of all, common for all scenarios, is the fact 
that many drivers fail to enter the scenario as they are supposed to, making it impossible to 
extract any information to analyse at all. One of the main reasons to this problem is the speed of 
the driver. Many drivers fail to keep the speed within the speed limit. This combined with the 
fact that many scenarios are quite sensitive to speed makes this an important issue to handle. 
This can be solved by either forcing the driver to keep an adequate speed or try to adapt the 
mover in a more dynamic way to the speed kept by the driver. The latter is probably to prefer as 
the possibility for the driver to choose its own driving behaviour is something that should be 
preserved.  
 
The second issue is unreliable measures. For some scenarios it is impossible to find any reliable 
distributions even though the driver has fulfilled all the criterions for that scenario. This problem 
is most common in the M and U files where the users tend to be located in very different places 
when the event of action takes place. In the U-scenarios for example, it is obvious that drivers 
which are 20 meters from the lead car as it brakes react in a totally different way than those who 
are closer, in a critical range. One solution to this would be to try to make sure that the driver 
always is within critical distance to the lead car. Another issue is that there is no way to 
determine when a user actually spots the event. This problem is present in the U-scenarios but 
most obvious in the M-scenarios. To find the correct time when the driver has detected the 
situation the sessions would have to be monitored, perhaps using some kind of eye-tracking or 
something similar. This problem is not present in the K-scenarios as the situation appears so 
suddenly that the mental processing time is negligible.  
 

3.3.1 K2 
 
The instructions responsible for the mover behaviour in K2 are very basic. They consist of the 
following lines in the scenario script language: 
 
    task: LogMsg K2_start 
    trig: Point city5_rr.path 215 
    task: SetSpeed 0.55 
    trig: task 0 
    task: Drive 0.25 
    trig: MPoint city_crossing8_l.path 90 
    task: LogMsg K2_golf_visible 
    trig: Point city5_rr.path 245 
 
In other words the scenario starts as the driver passes the point 215 meters in on the city5_rr 
path. At the same time, the mover speed is set to 0.55 of the speed limit of that road. As the 
mover passes the point located 90 meters in on the path city_crossing8_1 it is given a command to 
accelerate/decelerate to reach a speed of 0.25 times the speed limit. When the driver reaches the 
big point located 245 meters in on the path city5_rr the log message K2_golf_visible is sent. For 
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the drivers that keeps the speed limit or just below, the situation works as supposed, giving a 
highly critical situation. For drivers with a speed over the speed limit 50km/h, the Golf enters 
the situation far too late and the scenario loses its purpose. All tasks are triggered by large points.  
 
. To summarise this leads to a number of suggestions on changes in the scenario instructions. 
 

• Change all large points to exact points. 
 
• Change the commands SetSpeed and Drive to dynamic commands that take the speed of 

the driver in consideration. 
 

• Change the trig point of the K2_golf_visible message so that it depends on the movers 
position instead. The most correct  method would be to send the message when a certain 
relative angle between the driver and mover is reached. However, due to limitations in 
the software this is not possible. To use the mover position as trigger point is at least 
more correct than to use the position of the driver.  

 
 

3.3.2 K3 
 
The scenario has proven to work satisfying and would not be modified at this stage. The K3 
scenario manages to deliver satisfying results twice as often as the K2 or K5 scenario. The K3 
scenario does already use exact points and the command MeetAtPoint, which is an example of a 
dynamic command. That is probably the answer to why this scenario has proven so much better 
results.  
 

3.3.3 K5 
 
The instructions that set the mover behaviour in the scenario are very simple and non-dynamic.  
 
    task: LogMsg K5_esprit_start 
    trig: ExactPoint city11_ll.path 275 
    task: SetSpeed 0.9 
    trig: task -1 
 
When the driver is at the exact point located 275 meters in on the city11_ll path the scenario 
starts and the mover is given the command to set its speed to 0.9 times the speed limit of the 
road. 
 
The urgency in the scenario is very high. That can be understood by the given instructions and 
verified by the analysis. The urgency might be too high to make the scenario really interesting to 
analyse. However, to separate the scenario from the K2 scenario the high urgency will remain. 
The high urgency did that speeding drivers failed to notice the situation at all. An adaptive speed 
function would probably increase the amount of driver that can experience the situation. The 
scenario does already use exact points as triggers.  
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It was also found that the intercepting mover vehicle started on the wrong side of the road. If 
the starting position is changed to the right lane this would feel more realistic and also lower the 
urgency a bit.  
 
The suggestions on updates are therefore: 
 

• Use some dynamic instructions to get the mover to adapt its speed to the driver 
• Change the starting position of the mover to the right lane 

 
 

3.3.4 U1 
 
The instructions given to control the braking lead car are: 
 
    task: LogMsg U1_start 
    trig: Point city8_rr.path 16 
    task: Drive 0.95 
    trig: task -1 
    task: LogMsg U1_S70_brake 
    trig: MPoint city8_rr.path 440 
    task: Brake 9.0 
    trig: task -1  
 
When the driver is at the point located 16 meters in on the path city8_rr the scenario starts and 
the mover is given an instruction to start driving at 0.95 times the speed of the speed limit. As 
the mover reaches the point 440 meter in on the same path it is given the command to brake. 
The speed of the driver or the driver’s location when braking is not taking into consideration at 
all. 
 
Another problem is that some users decide to overtake the lead car as they find it natural to pass 
a slower moving vehicle. 
  
The suggested changes in the scenario definitions are: 
 

• Let the red Golf in the left lane keep its speed longer to prevent the driver to 
switch lane. Alternatively use more computer cars to get the user to stay at its 
intended position.  

 
 

3.3.5 U4 
The U4 scenario has been decided to be removed. See chapter 11.3.2 
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3.3.6 M1 and M2 
The instructions in M1 that give the mover its behaviour is given by (M2 is set up the same way 
but the given offset is larger) : 
     
    trig: Dist 500 
    task: Logmsg M1_start 
    trig: Point rural1_r.path 890 
    task: MeetAtPoint rural1_r.path 1200 -200 
    trig: task -1 
    task: Logmsg M1_PET_start 
    trig: task -1 
    task: ChangeLane 50 0.35 
    trig: Dist 200 
    task: ChangeLane 25 -0.35 
    trig: Dist 50 
 
This means that when the distance between the driver and the mover is 200 meters the mover is 
given the instruction to change lane. It will change the lane during 50 meters to reach the given 
offset. The offset is a percentage of the lane width. So 0.35 means that the mover is changed 
0.35 * 3.2 meters = 1.12 meters. When the distance is 50 meters between the cars, the mover is 
given the instruction to turn back with the same offset but in the opposite direction and more 
rapidly. The mover turns back during 25 meters. 
 
These instructions are only based on the distance between the interacting cars and do not take 
what speed the driver keeps into consideration.  
 
The M1 scenario is not that critical and for some drivers it passes without any certain reaction. 
M2 is far more critical and the driver definitely needs to steer away from the mover to avoid a 
collision. Graphical updates such as a rail or trees and other objects next to the road would 
probably force stronger reactions. Drivers with an initial lane position to the right tend to steer 
so they end up outside the road more often. If the area outside the road looks less suitable to 
drive on, as it will with the implementation of a rail, the reaction would probably be more like 
the reality, because in real life a natural behaviour would be to avoid the road verge as much as 
possible. 
 
One of the largest issues with the M-scenarios was the difficulty to establish the moment when it 
is possible for the driver to interpret the danger in the situation. The log message M1_PET_start 
is intended to be of use when to start measure reaction times. The log message is dependent on 
the task: MeetAtPoint which is an instruction to the mover to meet the driver at a distance of 200 
meters at a certain point. This is a desire and if it works is highly dependable on the driver speed. 
If the driver varies the speed, the instruction will not be fulfilled and the M1_PET_start message 
will be printed at the wrong time, which leads to wrong starting points for reaction times 
measures. The same problem arose in the M2 scenario. To decide a more accurate position when 
to start measure reaction times, the log message should be based on distance without the 
dependency of the MeetAtPoint instruction.   
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3.3.7 New Scenario 
 
In the meeting scenarios, drivers often have problems to follow the lane correctly which results 
in unwanted initial lane positions, big steering corrections and high SWRR. This is a result of the 
handling of the car which has some shortcomings. Due to the lack of physical responses in the 
simulator it does not feel like driving a real car. In a real car the physical feedback from turning, 
braking and accelerating is as important, or more important, than the visual feedback. This 
becomes even more obvious when driving in a curve, as in the M-scenarios. The time of reaction 
is found where the driver has steered away from the situation. This movement is identified by 
finding a corresponding turn on the steering wheel. Because of the many steering wheel 
corrections it is hard to design an algorithm that automatically finds the time of reaction. There 
is no way to always be sure that the algorithm will find the actual precise reaction point. The 
amount and size of steering corrections can also vary a lot among the drivers. A turn on the 
steering wheel which is identified as a reaction to the situation for one driver could be nothing 
but a large steering correction for another. Another problem is to know when the driver actually 
interprets the danger in the situation. The analysis shows that reaction times depend on how the 
driver experiences the danger in the situation. It is also impossible to say when the driver detects 
that the mover is in the wrong lane. 
 
To get rid of the issue with the handling of the car in turns, a new scenario will be implemented 
on a straight road. The situation has been set up as an overtake situation. The driver will meet 
two cars driving in the opposite direction in the other lane. At first there is only one car visible to 
the driver as the second car is placed very closely behind the first one. All of a sudden the second 
car decides to overtake the first mover and changes lane. As soon as the second mover starts to 
change lane it gets visible to the driver. There is no question that the overtaking mover is clearly 
visible to the driver as it overtakes the other vehicle. Therefore, this moment could satisfyingly 
be used to start measuring the reaction time. With a trustworthy starting point and better 
possibilities to find the drivers reaction this scenario is thought to deliver useful information 
where the old M-scenarios could not. 
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4 Performed updates 

4.1 General updates 

4.1.1 Age categories 
The software has been updated to be able to log data into the new suggested categories of age. These are 0-17, 
18-25, 26-39, 40-65 and 65 +. To achieve this update a new profile selection screen has been created that holds 
the new groups of age. The OpenGL based flashing triangle that indicates the choice has also been altered to be 
able to indicate the new age-groups. To determine what choices the user actually makes from the profile screen, 
the different choices are returned depending on the angle of the steering wheel. These functions have also been 
updated to be able to handle the new age groups.   

 

 
 
 
Figure 36 - new driver profile 
The old profile to the left and the new to the right. 
 
However, for the first test period of operation with the new simulator software the old age 
categories have been kept to be able to compare the new results with the old ones.  
 

4.1.2 Get acquainted with the simulator dynamics  
All scenario starting points have been moved as much as possible to let the user drive a little bit 
longer before the actual scenario. The possible distance the starting points could be moved are 
limited by geographical trigger points that belongs to other scenarios. Scenarios are not allowed 
to interfere with another scenarios which means that none of the triggers belonging to a foreign 
scenario are allowed to be trigged in the current scenario. The unnecessary time spent in the 
simulator after a logged scenario has also been reduced by these updates.   
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4.2 Graphical updates 

4.2.1 Speed limit signs 
Speed limit signs have been manually placed along the road at two new positions. At these 
positions the speed limit of the road changes but the sign were missing. It was also suggested to 
place speed limit signs at all possible starting positions. After some consideration it was decided 
to be ineffective to manually place speed limit signs at all these positions. Since some starting 
positions are placed with only 100 meters in between, it would look ridiculous with a lot of signs 
in a row. Instead of placing signs, a transparent texture is being shown on screen at the 
beginning of each driving session. For this a function was developed that reads the speed limit at 
the current starting position and shows the corresponding texture as the driving session is 
initialized. The texture is visible for a given time, currently set to 4 seconds. This is also an 
update that makes the simulator system easier to change and manipulate. Now a scenario can 
start anywhere in the world and the driver will still get the important information of the speed 
limit of the road. 
 

 
 
Figure 37 - new speed limit sign 
Example of speed limit sign when the simulation starts 
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4.2.2 Rails 
A hard, solid iron guard rail has been implemented next to the road in the M1 and M2 scenarios. 
The rail would hopefully prevent the drivers from driving to far out on the road verge. The rail is 
easy to recognize by the user as similar rails are used alongside real highway roads.  
 

 
 
Figure 38 - Guard rail in the M scenarios 
 The implemented rail, here visible in the M1 scenario. 
 
The new rails are placed alongside the road in the M1 and M2 scenario. They gets visible quite 
early in the scenario to make sure that the user already from the beginning realize that there is a 
rail next to road and to make sure drivers keep a lane position in the centre of the lane. The rail 
is placed at around 1.5 meters from the surfaced road, actually giving the user a lot of place to 
drive on. Anyhow, upon the actual meeting, the space allowed to manoeuvre on is experienced 
as quite narrow, forcing the user to steer back faster and with larger turns on the steering wheel. 
This will hopefully lead to more obvious reactions, easier to recognize in the analysis. The reason 
to why the space is experienced as more narrow than it actually is has to do with experience from 
real driving sessions. The space between the edge of the surfaced road and the rail (i.e. the space 
between the dashed line and the rail) is normally 0.5 meters [I5]. 0.5 meters is what the driver 
expects and will therefore interpret the distance as 0.5 meters.  

 

4.2.3 Objects 
Apart from the rails, no new objects have been placed in the environment. This update was not 
considered that important. There were also some issues when it came to placing objects because 
of different coordinate systems and some problems with the functions that places and rotates an 
object. On the other hand, a lot of new computer controlled cars have been added. These new 
cars have been added in scenarios to affect driver behaviour but also on open roads between 
scenarios to make the driving experience more interesting and realistic. As interpreted, more cars 
could be used without reaching the limits of the performance of the simulator system. 
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4.3 Scenario parameters 

4.3.1 Removal of starting points 
The number of starting points in the simulator has been reduced from 3 to 2. This as it was 
difficult to find good starting positions for all those starting points when the points were moved 
backwards as discussed earlier. The reason to use different starting points for the same scenario 
is to create variation. The simulator jumps between different scenarios anyway and will create 
enough variation. The reduction from 3 to 2 starting points where the driver starts will make it 
possible to move the start points and give the driver a longer “training” period before the actual 
scenario, which is a larger benefit than the larger variation.   

4.3.2 Removal of scenario 
The entire U4 scenario was removed. That decision was taken after taking a number of aspects 
in consideration. First of all, the simulator road net was not originally designed to hold a scenario 
at that location. That led to a lot of problems with faulty U4 triggers when driving in other 
scenarios. (The scenario was placed inverted on roads where other scenarios were already 
located) The scenario was also shown difficult to improve and no satisfying solutions could be 
found to solve the problems involved in the scenario. The scenario is not that interesting either 
from an analysis perspective as it tests almost exactly the same situation as the U1 scenario. The 
improvements in the U1 scenario would probably give enough reliable data for that kind of 
situation alone. 

4.3.3 The CopyDriverSpeed function 
To be able to gain the control of the mover vehicle in the way wanted, a new function was 
developed. Two of the most common commandos given to the mover vehicle are Drive and 
SetSpeed.  
 
The Drive commando uses the physical parameters of the car to accelerate to a percentage of the 
speed limit of the current road. (For example Drive 0.5 on a road where the speed limit is 
70km/h means that the mover vehicle should accelerate to 0.5 times 70km/h = 35 km/h.)  
 
The SetSpeed commando sends instructions to the mover to immediately propel itself at a given 
percentage of the speed given by the speed limit. This is useful when the arrival of the mover 
needs to be very accurate as in the crossing scenarios. This worked satisfying for those drivers 
that kept the exact speed limit of the road but for those which drive slightly to fast or to slow, 
the mover vehicle enters the situation to early or to late, which means that the situation fails to 
function as intended.  
 
The new function CopyDriverSpeed works just as the SetSpeed function with the only difference 
that it takes the drivers speed into consideration. Instead of setting the mover speed to a 
percentage of the speed limit, the speed is set to a percentage of the speed of the driver. This 
function has proven very useful, especially for speeding drivers. Speeding drivers often failed to 
experience any situation at all in the K-scenarios since they entered the situation before the 
mover vehicle. With the new function, all drivers, undependable of the speed kept, will 
experience the same situation. For speeding drivers this means that the mover vehicle keeps a 
very high speed, creating a situation with very high urgency but at least the driver experience the 
situation and has a chance to react. 
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4.3.4 objects.app 
A new application file has been created. In this file all extra objects that are not included in the 
standard model of the world, are placed. The new speed limit signs are for example stated in this 
file. The old bus shelters formerly included in the bus_shelter file are also included in this file.  
 

4.3.5 K2 Updates 
There are a number of updates performed in the K2 scenario. 
 

• The point where the scenario start message is sent is moved. It is moved to an earlier 
position, allowing more pre- scenario data to belong to the actual scenario data. The pre-
scenario data could be useful to analyse the driver’s natural driving behaviour before the 
actual scenario event takes place. (The drivers initial lane position etc.) 

• The point where the log message K2_golf_visible is sent has been moved so that it 
depends on the position of the mover rather than the position of the driver. This is more 
correct. The length of the BRT´s measured would therefore not be comparable with the 
results from the old analysis. 

• The command SetSpeed has been changed to CopyDriverSpeed , using the new function 
with the same name. This allows all drivers to experience the scenario, regardless of the 
speed kept. 

 
It was suggested to lower the urgency in the scenario a bit to let the BRT influence the result in a 
greater extent. However, the analysis showed that the urgency was not the actual problem, but 
the fact that a lot of drivers missed the situation totally thanks to the absence of taking the 
drivers speed into consideration. With the new CopyDriverSpeed function this problem will 
probably be reduced. The instructions to the mover now looks like this: 
 
 
    task: LogMsg K2_start 
    trig: ExactPoint city5_rr.path 100 
      
    task: CopyDriverSpeed 0.6 1.0 
    trig: ExactPoint city5_rr.path 198 
 
    task: LogMsg K2_golf_visible 
    trig: ExactMPoint city_crossing8_l.path 100   
 
    task: Drive 0.25 
    trig: MPoint city_crossing8_l.path 90 
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4.3.6 K3 Updates 
The K3 scenario was consider working as intended and there were no update suggestions for this 
scenario. However, the stop trigger point has been changed from a large point to an exact point. 
This has probably no bigger effect as those who manage to hit the other exact points in the 
scenario are quite likely to have a correct lane position even at the end of the scenario.  

4.3.7 K5 Updates 

• The starting position of the mover has been changed as it was located on the wrong side 
of the road. The relocation of the mover does also lower the urgency. 

 
• The SetSpeed command has been changed, now using the new developed CopyDriverSpeed 

function. This allows all drivers, regardless of their speed, to experience the situation. 
• The starting point, which also triggers the CopyDriverSpeed command, has also been 

slightly adjusted to be located closer to the situation. This allows the CopyDriverSpeed 
function to copy the speed very close to the situation to make sure that the speed copied 
is the speed that the driver also keps when entering the situation. 
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4.3.8 U1 Updates 
The instruction for the mover has not been changed in this scenario. It was suggested to use 
commands to make sure that the distance between the mover and driver was the same, no matter 
what speed the driver keeps and when he or she enters the situation. This turned out to be a 
difficult task as none of the available functions worked the way wanted in this situation. The 
KeepDist function was not that useful since the distance between the cars is experienced very 
different depending on the speed. If the distance was set to low, the speeding drivers will 
experience the situation as dangerous and slow down, which in its turn will force the mover to 
also slow down, and create a very unusual and non-realistic behaviour.  
 
The KeepHWT function was another option but gave similar problems as with the KeepDist 
function. For a given head way time the distance was experienced very long if the driver speed 
was high and to short if the driver speed was low. 
 
The best solution was to keep the mover speed at a constant level and try to find a way to get the 
driver to place itself within range of the braking lead car. This is done by placing other movers in 
the lane to the left of the driver lane, hopefully getting the driver to place itself behind the 
breaking lead car. When there are a couple of cars driving at almost the same speed next to each 
other, a natural behaviour would be to place oneself behind the car placed in the front. This has 
been observed during the monitored sessions.  
 
 
 

Figure 39 - U1 updates 
Left: green line: path of the driver 
red line: path of the braking mover 
orange line: the car which the red marked mover is braking for 
blue lines: complementary movers 
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4.3.9 M1 Updates 
As discussed before, rails have been added alongside the road. This will hopefully force the 
drivers to react stronger, making it easier to separate the real reaction from ordinary steering-
wheel reactions. The PET_start log message is based on the distance between the driver and 
mover instead of be dependent on an instruction that is not always true as discussed earlier. The 
log message is printed when the distance is 200 meter and is used as a starting point for 
measuring reaction times. 
 
 

4.3.10 M2 Updates 
As in the M1 scenario, rails have been added on the road verge. This will probably lead to very 
strong reactions as the space available between the oncoming mover and the rail in the M2 
scenario would just only fit the driver car. The PET_start log message is changed in the same 
way as in the M1 scenario. 
 
 
 
 



 83

5  Results 

5.1 General 
 
To investigate whether the performed upgrades have had any affect on the results, a new analysis 
has been carried out. Due to malfunctions in the simulator hardware during the testing period, 
the amount of trustworthy logged data is limited. However, there is enough data to do some 
basic tests to confirm that the main objectives with the upgrade have been fulfilled. There are 
4787 files available for analysis compared with the 43 007 files that were used for the pre-
upgrade analysis. Hence, it is important to remember that the statistics presented could be partly 
the result of chance. The low amount of data may not give enough entries to be totally sure that 
the distributions are correct. If there were higher amount of data it would be clearer which 
entries were trustable and which not. However, there is enough data to at least count large, 
obvious patterns as reliable and valid. The analysis has been carried out on the adult drivers 
(1541 log files). 
 
One general update that was performed for all scenarios was the usage of exact points instead of 
big points. This would probably lead to loss of data as more drivers fails to trig the points. On 
the other hand, improvements such us the speed limit information texture would probably 
increase the amount of drivers that manages to correctly trigger scenario points. As a first test, 
this was investigated. 
 

Scenario 
Old software 
(% of all files) 

New software 
(% of all files) 

K2 5,13% 5,19% 
K3 5,93% 7,20% 
K5 10,74% 10,97% 
U1 4,77% 7,14% 
U4 - - 
M1 11,34% 9,02% 
M2 9,78% 9,54% 
M3 -  - 
 
Total 47,68% 49,06% 

 
Table 22 - Improvements of valid files in each scenario 
Percentage of all files that contains a full scenario. The U4 and M3 scenario excluded as these do not exist in 
both software versions.  
 
The result indicates that the improvements have resulted in slightly more valid log files than 
before. 
 
With the removal of the U4 scenario and the usage of exact trigger points instead of big points, 
the nestling of scenarios has disappeared. This led to a much more even distribution between the 
scenarios. The difference in the distribution that still exists depends on the fact that there are 
drivers that decide to turn in crossings when they are not supposed to, mainly in the city. In the 
K2 scenario for example, the driver passes a lot of crossings where it is tempting to turn away 
from the intended route. This can also be seen in the result. Some drivers turn away from the K2 
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and K3 scenario and end up in the K5 scenario instead. The scenarios located on country side 
roads where there are no optional roads to drive on are perfectly evenly distributed. In the 
sorting of the original data, we had three possible reasons to why the scenarios were not even 
distributed.  
 

1. Dysfunctional random generator 
 
2. More missing start and/or stop triggers for some scenarios, because the driving in those 

scenarios invite more irregular (unwanted) behaviour.  
 

3. Since the scenarios all are played out in the same virtual world, there is a risk that trigger 
points for different scenarios are interfering with each other due to geographical 
proximity in the virtual world. Since scenario triggers are circular points with 20 meters 
of diameter and two scenarios can be located at the same road but in different driving 
directions, the result could be nestled scenario triggers in the log files.  

 
The reason was found to be point 3. The U4-scenario was interfering with other scenarios. 
When the U4-scenario was removed the scenarios are more even distributed and the reason to 
why the K2 and K3 scenario is underrepresented is due to the fact that drivers can steer away 
from the wanted route and therefore miss one or more scenario triggers. 
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Figure 40 - The distributions of files that contains a full scenario after the update 
 

5.2  Scenario results  
 
The main objective with the updates was to get more measurable data with higher quality. The 
higher quality is ensured by the usage of exact points. These results will therefore mainly regard 
the increase of useable, valid data. In the M-scenarios the purposes of the updates were to make 
drivers have a more centred initial lane position and to prevent drivers from driving on the road 
verge as before. 
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The mean reaction times are investigated as a quality guarantee of the new software. Some 
changes are expected, especially in the K2 and K3 scenarios where the updates should give data 
with higher trust ability.  
 

Table 23 –  
Left – Reaction times and conditions obtained using the old software 
Right – Reaction times and conditions using the new software 
 
As expected reaction times are changed where the conditions have been changed. One 
interesting observation is that the time to collision and distance to collision are almost the same 
for the K2 and K3 scenarios, using the new software. This gives possibilities to investigate how 
other conditions affect the reaction time. The K3 scenario gives for example the driver a chance 
to detect the situation earlier than in the K2 scenario, producing shorter reaction times. 
 

5.2.1 K2 – effects of the updates 
 
As discussed earlier there is no important loss or gain of data, compared with earlier versions, 
when sorting out the files that do contain a full scenario. However, that small change of data is 
taken into consideration.  
 
Version Valid files (%) * Total (%) ** 
Old software 16,74% 0,86% 
New software 33,75% 1,75% 
  
Change +101,61% +103,49% 
 
Table 24 – K2 differences in valid files between old and new software 
* The percentage of the K2 files that gives measurable data after the VB-sorting 
** The percentage of all adult log files before the VB-sorting that contains a measurable K2 scenario 
 
The improvement of the K2 scenario is massive. More than twice as many of the log files 
contain reliable and valid data for the analysis. The largest contributor to this improvement is 
thought to be the adaptive speed control used for the mover. With this method more of the 
speeding drivers will be exposed, and have a chance to react, to the situation. That this is the case 
can be confirmed by investigating the mean speed of the drivers which have braked. 
Before the update the mean speed among drivers with registered brake reaction times was 45,62 
km/h. After the update the mean speed was 48,64 km/h. This is an increase by 3 km/h which 
has to be considered to big to be a result by chance. In other words, the scenario is no longer as 
sensitive for the driver speed as before. 
 
The small amount of data generated with the new software is not really enough to show any 
valid distributions but the distributions that do exists will be presented together with 

  

Brake 
reaction 
time (s) 

Time to 
collision 
(s) 

Distance 
to 
collision 
(m) 

Mean 
speed 
(km/h) 

 K2 1,02 2,23 27,63 45,66 
K3 1,29 3,19 38,44 45,98 
K5 0,94 1,91 25,51 49,98 
U1 1,29 1,60 20,78 47,12 

  

Brake 
reaction 
time (s) 

Time to 
collision 
(s) 

Distance 
to 
collision 
(m) 

Mean 
speed 
(km/h) 

K2 1,59 2,87 37,67 48,64 
K3 1,16 2,97 37,98 47,58 
K5 0,68 1,63 19,50 46,84 
U1 1,22 1,53 19,48 45,99 
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distributions extracted using the old software. It is important to remember that the measure 
point have been changed in K2 scenario so the actual BRT´s can not be compared. On the other 
hand it is obvious that the same kind of pattern remains. One interesting observation is that the 
scattering of the entries seems to have been reduced. This is thanks to the change of the 
K2_golf_visible message. This message is always sent when the mover is reaching a critical 
position now. In the old software the point were dependent on the speed by the driver and other 
unwanted factors. The longer reaction times do also agrees with other studies when looking at 
BRT´s of surprise intrusions. [P1] 

 

 
 
Figure 41 - K2 effects of the updates on BRT 
Left: The distributions of the files analysed from the old software 
Right: The distributions of files analysed from the new software 
 
Summary 
The increase of number of valid files in the scenario is massive. The less scattered BRT entries 
and more expected length of the BRT are also satisfying. The update, to increase the amount of 
files by reducing the sensitivity to speed in the scenario, has been successful.  
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5.2.2 K3 – effects of the updates 
 
Version Valid files (%) * Total (%) ** 
Old software 31,85% 1,89% 
New software 44,14% 3,18% 
  
Change +38,59% +68,25% 
 
Figure 42 - K3 differences in valid files between old and new software 
* The percentage of the K3 files that gives measurable data after the VB-sorting 
** The percentage of all adult log files before the VB-sorting that contains a measurable K3 scenario 
 
The improvement in the K3 scenario is actually even more impressive than the result from the 
K2 scenario. Since no changes have been made in K3 scenario itself, this scenario is a good 
proof of that the other, more general, updates have had an impact. The big increase in the 
amount of files that contains a full K3 scenario is probably due to the reduction of the scenario 
nestling combined with the addition of the speed limit texture. The removal of the nestling does 
that K3 scenarios that before were wrongly registered as other scenarios can now be correctly 
registered as K3 scenarios. The speed limit information does that more users keep the speed and 
will therefore be able to be exposed to the scenario. (If a too high speed is kept for a longer time, 
the user simulation session will be terminated). The higher rate of valid files among the files that 
contains a scenario can also be explained partly by the speed limit texture addition. The 
MeetAtPoint function in the K3 scenario starts to malfunction if the driver has kept a too high 
top speed or mean speed during the period of time before the scenario. If the drivers adapt their 
speed better to the speed limit the MeetAtPoint method will function as intended and more users 
will be exposed to the situation.   
 
The small amount of data generated with the new software is not really enough to show any 
valid distributions but the distributions that do exists will be presented together with 
distributions extracted using the old software. There have been no changes in the scenario 
dynamics in the K3 scenario and the entries are distributed in the same way as before the 
software update.  
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Figure 43 - K3 effects of the updates on BRT 
Left: The distributions of the files analysed from the old software 
Right: The distributions of files analysed from the new software 
 
Summary 
The increase of valid files in the scenario is larger than expected. Since no actual parameters have 
been changed in the simulator dynamics the results in this scenario is a good example of that the 
more general updates have had an impact. The reduced nestling does that more files are correctly 
registered as containing the K3 scenario. The speed information texture has probably also has an 
effect as a lower average speed before the situation helps the MeetAtPoint function to work as 
intended. 
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5.2.3 K5 – effects of the updates 
 
Version Valid files (%) * Total (%) ** 
Old software 13,18% 1,42% 
New software 19,53% 2,14% 
   
Change +48,18% +50,70% 
 
Table 25 - K5 differences in valid files between old and new software 
* The percentage of the K5 files that gives measurable data after the VB-sorting 
** The percentage of all adult log files before the VB-sorting that contains a measurable K5 scenario 
 
The number of files where a reaction time could be measured are still quite low but compared to 
the old software, a major improvement can be seen. The explanation to the improvement in this 
scenario seems to be the adaptive speed given to the mover which allows more users to be 
exposed to the situation. The mean speed among the valid files has actually decreased which 
could be an indication of that the urgency actually have been increased in the scenario. It could 
also be a result by chance. The increased amount of valid files is anyhow proof enough that the 
scenario has been improved. 
 
The small amount of data generated with the new software is not really enough to show any 
valid distributions but the distributions that do exists will be presented together with 
distributions extracted using the old software. The starting point of the mover has been changed 
so the BRT´s are not comparable between the two versions.  
 

 
Figure 44 - K5 effects of the updates on BRT 
Left: The distributions of the files analysed from the old software 
Right: The distributions of files analysed from the new software 
 
One interesting observation is that the scattering of the entries seems to have been reduced. This 
is thanks to two updates. First it depends on the change of the moment when the 
K5_esprit_visible message is sent. This message is now always sent when the mover is reaching a 
critical position. In the old software the point were dependent on the speed by the driver and 
other less precise factors. The other update is the adaptive speed function that makes sure that 
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the driver always experience a situation with a similar urgency no matter what speed he or she 
keep. 
 
Summary 
The changes of the starting point and the usage of the new adaptive speed function have had 
positive effects on the scattering of the BRT entries. All together, the updates have proven 
successful. 
 

5.2.4 U1 – effects of the updates 
 
Version Containing U1 scenario (%) * Valid files (%) ** Total (%) *** 
Old software 4,77% 16,05% 0,77% 
New software 7,14% 28,18% 2,01% 
  
Change +49,69% +75,58% +161,04% 
 
Table 26 - U1 differences in valid files between old and new software 
*The percentage of all files that contains a U1 scenario 
** The percentage of the U1 files that gives measurable data 
*** The percentage of all log files that contains a measurable U1 scenario 
 
After the updates, there is a big increment in both the total number of files containing a U1 
scenario as well as in how many of these can be counted as valid. The explanation for the higher 
number of total files is a combination of the usage of the new speed limit textures and that the 
nestlings of the scenarios have been reduced. In the old software, some files that should be 
registered to contain U1 scenarios were probably registered as another scenario or no scenario at 
all due to the nestling of scenarios. The valid file increase has to be the result of the updates to 
the surrounding movers in the scenario. The suggested update, trying to force the driver to keep 
the intended position behind the lead car was obviously effective.  
 
he small amount of data generated with the new software is not really enough to show any valid 
distributions but the distributions that do exists will be presented together with distributions 
extracted using the old software. The distributions looks almost exactly the same as it should 
since no updates have been made in the scenario dynamics. The changes in the scenario can 
instead be found in the amount of drivers that gives measurable data. 
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Figure 45 - U1 effects of the updates on BRT nomalised by TTC 
Left: The distributions of the files analysed from the old software 
Right: The distributions of files analysed from the new software 
 
 
Summary 
The amount of valid files from the scenario has been increased. Since no satisfying solution 
could be found to better adapt the lead cars position and speed to the drivers position and speed, 
the problem with scattered BRT entries remains. With a normalisation, using the TTC as before, 
a decent distribution can be obtained.  
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5.2.5 M1 – effects of the updates 
 
Version Valid files (%) * Valid files (%) ** 
Old software 54,98% 6,24% 
New software 66,91% 6,04% 
 
Change +21,70% -3,21% 
 
Table 27 - M1 differences in valid files between old and new software 
* The percentage of the M1 files that gives measurable data after the VB-sorting 
** The percentage of all adult log files before the VB-sorting that contains a measurable M1 scenario 
 
The percentage of valid files after criterions applied has increased by 21,70%.  
 
Type of reaction 
In the table below, the type of reaction among the valid files are presented. 
 
Version Steering right No steering Steering left 
Old software 67,99% 30,40% 1,61% 
New software 52,69% 44,09% 3,23% 
 
Change -22,50% +45,03% +100,62% 
 
Table 28 - M1 comparison of type of reaction between old and new software 
 
After the upgrade, less drivers steer right than in the old software. The reason is probably that 
the verge looks less appealing to drive on when the guard rail has been added. These drivers 
choose instead to not steer. The percentage of the drivers that steers left (marked as red in the 
table) have large changes by percent, but it is too few files to make any conclusions.  
 
Version Drivers out of lane 

(%) 
Drivers out of 
road verge (%) 

Collides with the 
mover (%) 

Drivers that 
brakes (%) 

Old software 61,04% 1,24% 1,74% 5,46% 
New software 43,01% 0% 4,30% 2,16% 
 
Change -29,54% -100% +147,13% -60,44% 
 
Table 29 -  M1 comparison of consequences of the reaction between old and new software 
Out of lane* - the driver has an offset less than -1.187 meter, meaning that the right side of the driver car are at 
least 50cm out on the road verge. 
 
Out of road* - the driver has an offset less than -3.887 meter, meaning that the right side of the driver car are 
outside the road verge (3.2 meter wide). Drivers with a lane offset this big will in reality be far out of the road. 
 
Looking at the tables above, there is further evidence that the guard rail did have the wanted 
effect. The number of drivers which drive more than 0.5meters out on the road verge are 
reduced by 30%. 
 
The percentage of the drivers that drives out of the road verge, drivers that collides with the 
mover, and drivers that brakes (marked as red in the table) have large changes by percent, but 
they consists of too few files to make any conclusions from. 
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Lane position 
Version Left (%) Centre (%) Right (%) 
Old software 1,99% 85,36% 12,66% 
New software 1,08% 92,47% 6,45% 
 
Change -45,73% +8,33% -49,05% 
 
Table 30 - M1 comparison of initial lane position between old and new software 
 
Furthermore, the change in drivers that have a position to the left are negligible, but the change 
in drivers that have a position to the right and centre, points to the fact that the rail did have a 
desired effect on the lane position. A higher number of drivers positioned at the centre of the 
lane are better in an analysis point of view. It is easier to find the actual point of reaction if the 
driver lane position is at the centre of the lane. 
 
Speed 
 
Version Speed < 80km/h (%) Mean Speed 80-100km/h 

(%) 
Speed >100km/h (%) 

Old software 21,30% 53,10% 25,60% 
New software 8,60% 75,27% 16,13% 
 
Change -59,62% +41,75% -36,99% 
 
Table 31 - M1 comparison of speed between old and new software 
 
The table clearly shows that the transparent speed sign at the beginning of the simulation did 
have had desired effect.  
 
Summary 
The percentage of the drivers that drives out of the road verge, drivers that collides with the 
mover, drivers that brakes, and drivers that have an initial lane position to the left (marked as red 
in the tables above) have large changes by percent between the different software’s, but they 
consists of too few files to make any conclusions from. Because of the low number of files from 
this type of different behaviour, the changes in percent can be a result by chance. 
 
The percentage of the drivers positioned to the right has been lowered by half. 92,5% are located 
at the centre of the lane in the new software, compared to 85% in the old one. There are 30% 
less drivers that steers more than 0.5meters out on the road verge. This facts show that the rail 
did have the wanted impact on the driver behaviour.  
 
The transparent speed sign in the beginning of the scenario clearly did have the desired effect. In 
the new software it is easier for the drivers to know the speed limit of the road which the 
statistics shows.  
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5.2.6 M2 – effects of the updates 
 
Version Valid files (%) * Total (%) ** 
Old software 31,92% 5,91% 
New software 46,04% 7,13% 
 
Change +44,24% +20,64% 
 
Table 32 - M2 differences in valid files between old and new software 
* The percentage of the M2 files that gives measurable data after the VB-sorting 
** The percentage of all adult log files (before the VB-sorting) that contains a measurable M2 scenario 
 
The percentage of valid files after criterions applied is 44% higher in the new software.  
 
Type of reaction 
 
Version Steering right No steering Steering left 
Old software 76,50% 17,95% 5,56% 
New software 56,25% 34,38% 9,38% 
 
Change -26,47% +91,53% +68,71% 
 
Table 33 - M2 comparison of type of reaction between old and new software 
 
After the upgrade, less drivers steer right than before. The reason is probably that the verge 
looks less appealing to drive on when the rail has been added. Almost 70% more drivers steers 
left, which is a sign of a panic behaviour. This could be a cause of higher scenario urgency due to 
the rail.  
 
Version Drivers out of lane 

(%) 
Drivers out of 
road verge (%) 

Collides with the 
mover (%) 

Drivers that 
brakes (%) 

Old software 77,56% 3,63% 15,81% 11,97% 
New software 59,38% 1,56% 21,88% 17,19% 
 
Change -23,44% -57,02% +38,39% +43,61% 
 
Table 34 - M2 comparison of consequences of the reaction between old and new software 
Out of lane* - the driver has an offset less than -1.187 meter, meaning that the right side of the driver car are at 
least 50cm out on the road verge. 
 
Out of road* - the driver has an offset less than -3.887 meter, meaning that the right side of the driver car are 
outside the road verge (3.2 meter wide). Drivers with a lane offset this big will in reality be far out of the road. 
 
The rail did have wanted effect. Drivers that are more than 0.5meters out on the road verge are 
reduced by 24%. The drivers that are out more than the road verge is reduced by 57%, but there 
are too few files to make any conclusion of this difference between the software’s.  
 
The rail did in fact increase the urgency in the scenario, resulting in a higher number of collisions 
with the oncoming mover and a higher number of drivers that brake. 
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Lane position 
 
Version Left (%) Centre (%) Right (%) 
Old software 1,50% 76,50% 22,00% 
New software 0% 75,00% 25,00% 
 
Change -100% -1,96% +13,64% 
 
Table 35 - M2 comparison of initial lane position between old and new software 
 
There are not any big differences in the lane position of the driver. The difference is too small to 
draw any conclusion.  
 
Speed 
 
Version Speed < 80km/h Speed 80-100km/h Speed >100km/h 
Old software 28,85% 47,65% 23,50% 
New software 4,69% 68,75% 26,56% 
 
Change -83,74% +44,28% +13.02% 

 
Table 36 - M2 comparison of speed between old and new software 
 
The table clearly shows that the transparent speed sign at the beginning of the simulation did 
have had desired effect.  
 
Summary 
The wanted effect of the insertion of the rail was to minimize the number of drivers with an 
initial lane position to the right and to get fewer drivers that drives on the road verge. The rail 
did not give the effect of less drivers with an initial lane position to the right, but there were 
fewer drivers that drove more than 50cm out on the road verge. The rail did in fact increase the 
urgency in the scenario, which the increased number of collisions, the number of drivers that 
brake and number of drivers that steer left shows.    
 
The transparent speed sign in the beginning of the scenario clearly did have the desired effect. In 
the new software it is easier for the drivers to know the speed limit of the road which the 
statistics shows.  
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5.2.7 M3 – effects of the updates 

 
The M1 and M2 scenarios are located in a left curve which makes it hard to find and locate the 
correct point of reaction. The curvature of the road and lack of physical feedback leads to a high 
number of steering wheel corrections among the drivers. The many steering wheel corrections 
make it hard to find the actual reaction. 
 
To be able to test these reactions in a more convenient way a new scenario M3 was constructed. 
This meeting scenario is placed on a straight road with a speed limit of 90km/h. The straight 
road will reduce the number of drivers with a high number of steering wheel corrections and 
lane positions to the right, which will make it easier to find the actual point of reaction. The 
purpose of the scenario is to see if it is possible to measure correct reaction times and type of 
behaviour more efficiently than in the M1 and M2 scenarios.  
 

 
 
Figure 46 - M3 scenario 
Left: green line: path of the driver, red line: path of the mover. Right: view from inside the car, M3 scenario 
 
A log message “M3_wrong_lane” is printed in the log file when the distance between driver and 
mover is 140 meters. This is the distance when it is possible for the driver to judge the situation 
as critical for the first time. This has been empirically tested in the simulator. The log message is 
used as a starting point for the SWRT measure. 
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Total nr of files Valid files Percent 
142 56 39,44% 
 
Table 37 - M3 nr of valid files 
 
Type of reaction 
 
Type of reaction Nr of drivers %  
Steering left 0 0% 
No steering 21 37,50% 
Steering right 35 62,50% 
 
Table 38 - M3 type of reaction 
 
Among those drivers that reacts by steering right it is not possible to automatically find a point 
of reaction for all drivers. The algorithm does not find the point of reaction if the steering wheel 
angle is kept constant. The reason to a constant steering wheel angle during this time period can 
be that the driver slowly steers to the right during the whole time period where the algorithm 
operates. It is in other words a very “careful” reaction. Reaction times could be measured from 
28 of the 35 drivers that turned right.  
 
Type of reaction Nr % of the 

56 valid 
files 

Out of lane* % of the 
27 out of 
lane 
drivers 

Out of Road* % of the 
3 out of 
road 
drivers  

 
Right, no brake 27 48,21% 20 74,07% 3 100% 
Right and brake 8 14,29% 6 22,22% 0 0% 
Straight, no brake 9 16,07% 0 0% 0 0% 
Straight and brake 12 21,43% 1 3,70% 0 0% 
 
Total 56  27 48,21% 3 5,36% 
 
Table 39 - M3 Type of reactions and consequences of the reaction 
Out of lane* - the driver has an offset less than -1.187 meter, meaning that the right side of the driver car are at 
least 50cm out on the road verge. 
 
Out of road* - the driver has an offset less than -3.887 meter, meaning that the right side of the driver car are 
outside the road verge (3.2 meter wide). Drivers with a lane offset this big will in reality be far out of the road. 
 
The most common reaction is to steer right without braking (48%). 
36% of all drivers brakes, which is far more than in the M1 and M2 scenario, where 5% and 12% 
brakes (old software). 
 
No drivers have collided with the meeting car which indicates that the scenario urgency is set to 
a reasonable level and that the log file criterions have sorted out drivers with questionable 
driving behaviour.  
 
48% of the drivers are driving at least 0.5 meters out on the road verge as a result of the reaction. 
Drivers that steer right without braking are most likely to drive on the verge (74%). 5,4% of the 
drivers have an offset that leads to the fact that they drive outside the road verge on the grass. 
This can be considered as a high amount and probably depends on the wide road verge and the 



 98

flat grass area, which looks perfectly fine to drive on. An idea to prevent this type of behaviour 
could be to implement the same type of guard rail as in M1 and M2. 
 
Initial lane position 
 
Left Centre Right 
1,79% 98,21% 0% 
 
Table. Initial lane position in M3 
 
 Initial lane position Steering option 
Type of reaction  Left No steering Right 
 Left 0% 0% 100% 
 Centre 0% 38,18% 61,82% 
 Right 0% 0% 0% 
 
Table 40 - M3 impact of lane position on the type of reaction 
 
There is a big difference in lane position in the M3 scenario compared to M1 and M2. 98% of all 
drivers have an initial lane position at the centre of the lane and 0% to the right. This was the 
desired effect of placing the scenario at a straight road. The reaction is now easier to locate and 
measure. 
 
Distributions of SWRT and SWRR 
The number of drivers is too few to see and analyse patterns. If there were a higher amount of 
drivers, it would be possible to look at brake reaction times. This would be interesting as the 
scenario has proved to force far more drivers to brake than in the M1 and M2 scenarios.  

 
Figure 47 - M3 SWRT and BRT plotted against speed
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Speed 
(km/h) 

Mean SWRT 
(seconds) 

Mean BRT 
(seconds) 

Mean SWRR 
(reversals/minute) 

Percent of valid 
files 
(%) 

< 80 1,45 1,43 50,76 5,36% 
80-100 0,93 1,32 45,73 67,86% 
>100 0,94 1,53 47,06 26,79% 
 
Mean of all 0,97 1,36 46,35  
 
Table 41 - M3 SWRT and SWRR dependent of speed 
 
Summary 
It is easier to find correct SWRTs and determine the type of reaction in the M3 scenario 
compared to M1 and M2. 98% of all drivers have a correct lane position which makes it easier to 
determine the actual type of reaction. In the other M-scenarios many drivers have a lane position 
to the right which made it hard to find the correct point of reaction.  
 
36% of the drivers are braking which would actually give enough drivers to perform an analysis 
of BRT distributions of if the logged amount of files were a little higher. The SWRT are not as 
spread as in the M1 and M2 scenario and like the BRT it would probably be possible to look at 
distributions if more drivers had been logged. These possibilities can be further investigated 
when the new software have been running a little longer at the Universeum. The fact that no 
drivers with a correct driving behaviour collides with the meeting car indicates that the scenario 
urgency is set to a reasonable level. 
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6 Discussion and conclusions  
 
Has the expectations of the project been fulfilled? Let us revisit the purpose and goals set up in 
the beginning of the project.  
 
Goal 1: 
Investigate if it is possible to find any valid data at all from an unmonitored simulator study. 
 
This has been investigated and it has been showed that it is possible to extract decently amounts 
of data (2200 log files of the 12927 adult drivers are counted as valid). As expected, a large 
amount of data can not be analysed. 17% of the original files are possible to use in the analysis. 
With so many invalid files, it is clear that a large amount of data is needed for meaningful 
analysis. A large number of logged files like the 43007 log files that were available in the 
beginning of the project are almost necessary to gain enough valid data. 
 
Goal 2: 
If the first goal complies, make a safety analysis on the extracted data and represent the results as full distributions 
rather than extrapolated mean values. 
 
This has also been done with varying results. There were some safety parameters that could be 
investigated in a satisfying way while others could not due to too large variations in the driver 
behaviour or shortcomings in the simulator software / hardware. It has been relatively easy to 
get an overall impression of the behaviour within a scenario. It has also been easy to show some 
major differences between adults and under aged drivers.  
 
When it comes to comparing for example gender there is not enough data to find any valid 
differences. Since there are so few unlicensed drivers that manage to be validly registered in a 
scenario at all, there is not enough data from this group to analyse. However, for some scenarios 
the amount of valid data was large enough to do some very interesting observations. For the K´s 
and U1 scenario it was actually possible to look at the entire distribution of drivers and point out 
exactly which and how many drivers that would have been able to avoid collision if an 
emergency brake system would have been used.  
 
To confirm the usability and validity of the developed algorithms the results can be compared 
with results from other studies. There are a lot of data from brake reaction times studies available 
and it is easy to make a direct comparison of that data with the results obtained in this study. In 
other studies the reaction times are almost exclusively presented as mean values. If the result 
from the crossing scenarios, where the expectancy is classified as surprise intrusion, is compared 
with those from other studies containing the same kind of expectancy in situation where 
comparable speeds have been kept, a satisfying result can be found. The mean values of brake 
reaction times in this study in the crossing scenarios range from 0.68 to 1.59 seconds. 
 
Goal 3: 
With the analysis as basis, improve the simulator software so that the system will give larger amounts of reliable 
data. 
 
The simulator software has been successfully updated. These updates are mainly smaller 
adjustments in the scenarios when it comes to timing and methods to adapt the mover behaviour 
to the behaviour of the driver. The results have proven that the performed updates led to clearly 
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identifiable improvements, i.e approximately a 50 % increase in the number of valid log files . 
With the increased amount of valid data a full analysis can be performed on log files from less 
test drivers. The results indicate that it would probably be enough with half the original data to 
gain equally many valid log files. This means that the time needed for the simulator to gather 
enough data is heavily reduced.  
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General reflections 
It’s interesting that younger drivers tend to steer more often than brake in the K and U-scenarios 
compared to adult drivers. Adult drivers with more driving experience have learned that braking 
is the most effective response to critical situations such as in the K and U-scenarios.  
 
It is likely to believe that some of this behaviour among the under aged drivers will remain for a 
while as a person starts his or hers driving career. If this can be proved, connections could also 
be made between specific accidents and the choice to steer instead of brake among 
inexperienced drivers. If the problem is big enough, this could be something that could be 
corrected by the usage of some type of active safety system. For example an automated brake 
assist system that is activated when the steering wheel corrections are big and fast enough. 
 
It is obvious that drivers need some time to adapt to the simulator environment. The lack of 
physical feedback makes it hard for unused drivers to handle the car. Drivers need a training 
period to get acquainted to the simulator dynamics. Driving the simulator might not be as 
driving a real car, but the critical situations the simulator holds, forces the same type of reaction 
as a critical situation in real traffic would have done. The thesis project has shown that it is 
possible to gain useful data from an unmonitored simulator to be used in traffic safety research. 
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8 Appendix A – sorting algorithms 
FirstSort 
 
The log data between a start trigger and a matching stop trigger is copied and placed in a new 
file. The files are already from the beginning given names that contain information about the age, 
gender and license status of the driver logged in the file. In addition to this information the 
scenario name, found in the start trigger, are attached to the file name as well as a number which 
can be used to identify when the log file was extracted from the simulator. The new file is then 
moved to a directory that matches the scenario it contains. If there is no full scenario registered 
within the log file it is saved into a trash folder called “crap”. 
  
There are different cases for how start and stop triggers can appear in log files: 
 

1. The log file has a start trigger and a matching stop trigger. The file is moved to the 
directory that matches the trigger. 

 
2. The log file has two identical start triggers and a matching stop trigger. The file is moved 

to the directory that matches the trigger. Either it is very few rows between the start 
triggers, which is an effect of an error in the update function in the simulator software. 
These files are considered authentic and moved to the corresponding directory. If it is 
more rows separating the identical start triggers the file is considered as non valid. This 
could be an effect of for example a driver that makes a u-turn on the road and heads 
back to the location of the start trigger again. These files will be moved to the thrash 
directory and handled by third sort. 

 
  
3. The log file has a start trigger, but no matching stop trigger. The file is moved to the 

thrash directory. 
 

4. The log file doesn't have a start trigger. The file is moved to the thrash folder. 
 

5. The log file has a start trigger, then another start trigger with a matching stop trigger. The 
file is temporary moved to Crap. These type of files are later handled by the SecondSort. 

 
6. The log file has three different start triggers and only one matching stop trigger. The file 

is moved to the thrash folder. 
 

7. The log file has a start trigger with a matching stop trigger, then another start trigger with 
a matching stop trigger. The file is moved to the directory matching the first start and 
stop trigger. 

 
8. The log file has two or more nestled scenarios, eg start1/start2/stop1/stop2. The file is 

considered as not trustworthy and will be mover to the thrash folder. 
 
 
 
Second sort 
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Input are log files from the thrash folder. FirstSort has placed files in the thrash directory that 
have nestled scenarios (for example M1_start\K3_start\K3_stop). Some of these files may 
contain full scenarios. SecondSort is based on FirstSort with a minor difference. The script 
works like this:     
 
 

1. Consider only files larger than 500kb, smaller files have been proven to not be able to 
hold a full scenario. 

 
2. Skip the first line where the first start trigger is. This way the script will start looking for 

another start trigger and a matching stop trigger. This way it will find a scenario inside 
another scenario using the same algorithm as in FirstSort 

 
3. Rename and move correct files to corresponding scenario folder    

         
SecondSort will lead to the fact that valid files as well as non-valid files are moved to scenario 
folders from the crap folder. A non-valid file can for example be a file with several nestled 
scenarios. These files will ThirdSort take care of.      
 
Third sort 
 
Input is the sorted log files from SecondSort. Before running ThirdSort it is important to delete 
or move the thrash folder named “crap”. Create a new thrash folder (named crap) outside the 
scenario folder tree instead. 
 
The script takes care of files in the scenario folders that are of case 1 or 2.B: 
 

1. Nestled scenarios --> File is not trustworthy 
2. A gap between for two identical start triggers 

  
A. If two identical start triggers are very close to each other in a log file, nothing is 

wrong with the file. --> File is considered correct and will remain in the scenario 
folder. 

B.  If the gap between two identical start triggers is large enough, something weird 
has happened and the file should be moved to the thrash folder. 

 
Since all sorted log files starts with a start trigger, the third sort starts to read from line 5 to make 
sure that no files from 2.A. is moved to the thrash folder 
The ThirdSort will remove files that match case 1 and 2.B 
 
The log files are now sorted and hold only files that contain one full scenario. 
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9 Appendix B – general statistics 
 
Statistics from the K and U-scenarios – old software 
 
Distribution of all files - note that 
for all tables below, ONLY 
DATA FROM ADULT USERS 
HAVE BEEN USED, unless 
otherwise stated in the table 
header.      
        
Adults              
Total licence no_licence female male 39 years 99 years  

12927 9046 3881 5880 7047 7905 5022  
        

Under aged            
Total licence no_licence female male 12 years 17 years  

30080 13353 16727 8483 21597 21447 8633  
        
        

Distributions after VB-sort, of the log files for adult drivers. This is the files 
that contains a full scenario  
        
Adults               
Scenario Total licence no_licence female male 39 years 99 years 

K2 663 523 140 267 396 435 228 
K3 766 559 207 336 430 503 263 
K5 1388 1038 350 599 789 935 453 
U1 617 473 144 256 361 403 214 
U4 1761 1249 512 799 962 1093 668 
M1 1466 1082 384 651 815 920 546 
M2 1264 935 329 516 748 783 481 
                

Total 7925 5859 2066 3424 4501 5072 2853 
        
        
Under aged             
Scenario Total licence no_licence female male 12 years 17 years 

K2 1190 382 808 398 792 774 416 
K3 1572 583 989 521 1051 1071 501 
K5 2719 1020 1699 823 1896 1821 898 
U1 1110 338 772 362 748 725 385 
U4 3935 1593 2342 1126 2809 2751 1184 
M1 3077 1143 1934 913 2164 2097 980 
M2 2521 924 1597 806 1715 1645 876 
                

Total 16124 5983 10141 4949 11175 10884 5240 
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Distributions between the different groups within the scenario   
        
Adults               

Scenario Total licence (%) 
no_licence 
(%) 

female 
(%) 

male 
(%) 

39 years 
(%) 

99 years 
(%) 

K2 663 78,88 21,12 40,27 59,73 65,61 34,39 
K3 766 72,98 27,02 43,86 56,14 65,67 34,33 
K5 1388 74,78 25,22 43,16 56,84 67,36 32,64 
U1 617 76,66 23,34 41,49 58,51 65,32 34,68 
U4 1761 70,93 29,07 45,37 54,63 62,07 37,93 
M1 1466 73,81 26,19 44,41 55,59 62,76 37,24 
M2 1264 73,97 26,03 40,82 59,18 61,95 38,05 
                

Total   73,93 26,07 43,21 56,79 64,00 36,00 
        
        
The remaining data in each group     
        
Adults               

  Total (%) licence (%) 
no_licence 

(%) 
female 

(%) 
male 
(%) 

39 years 
(%) 

99 years 
(%) 

Total 61,31 64,77 53,23 58,23 63,87 64,16 56,81 
        
        
Under aged             

  Total (%) licence (%) 
no_licence 

(%) 
female 

(%) 
male 
(%) 

12 years 
(%) 

17 years 
(%) 

Total 53,60 44,81 60,63 58,34 51,74 50,75 60,70 
        

        
Number of fully valid files in each scenario (Where BRTcould be measured) 
        
Adults               
Scenario Total licence no_licence female male 39 years 99 years 

K2 111 99 12 45 66 71 40 
K3 244 190 54 111 133 158 86 
K5 183 160 23 71 112 131 52 
U1 99 80 19 49 50 68 31 
U4 289 232 57 120 169 187 102 

        
        
Under aged             
Scenario Total licence no_licence female male 12 years 17 years 

K2 139 33 106 52 87 80 59 
K3 296 90 206 95 201 189 107 
K5 149 61 88 40 109 99 50 
U1 104 26 78 43 61 69 35 
U4 518 165 353 174 344 323 195 
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Percentage that gives measurable BRT data     
        

Adults               

Scenario Total (%) licence (%) 
no_licence 

(%) 
female 

(%) 
male 
(%) 

39 years 
(%) 

99 years 
(%) 

K2 16,74 18,93 8,57 16,85 16,67 16,32 17,54 
K3 31,85 33,99 26,09 33,04 30,93 31,41 32,70 
K5 13,18 15,41 6,57 11,85 14,20 14,01 11,48 
U1 16,05 16,91 13,19 19,14 13,85 16,87 14,49 
U4 16,41 18,57 11,13 15,02 17,57 17,11 15,27 

        
        

Number of fully valid files where the user has steered instead of braked  
        
Adults               
Scenario Total licence no_licence female male 39 years 99 years 

K2 34 27 7 10 24 22 12 
K3 34 30 4 12 22 22 12 
K5 18 14 4 7 11 11 7 
U1 7 6 1 1 6 6 1 
U4 36 26 10 15 21 21 15 

        
        
Under aged             
Scenario Total licence no_licence female male 12 years 17 years 

K2 67 21 46 14 53 35 32 
K3 77 30 47 19 58 61 16 
K5 80 28 52 26 54 53 27 
U1 20 6 14 8 13 10 12 
U4 158 60 98 59 99 111 47 

        
        
Percentage of drivers that choose to steer compared to those who chooses to brake 
        
Adults               

Scenario Total (%) licence (%) 
no_licence 

(%) 
female 

(%) 
male 
(%) 

39 years 
(%) 

99 years 
(%) 

K2 30,63 27,27 58,33 22,22 36,36 30,99 30,00 
K3 13,93 15,79 7,41 10,81 16,54 13,92 13,95 
K5 9,84 8,75 17,39 9,86 9,82 8,40 13,46 
U1 7,07 7,50 5,26 2,04 12,00 8,82 3,23 
U4 12,46 11,21 17,54 12,50 12,43 11,23 14,71 

Total 14,79       
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Under age             

Scenario Total (%) licence (%) 
no_licence 

(%) 
female 

(%) 
male 
(%) 

12 years 
(%) 

17 years 
(%) 

K2 48,20 63,64 43,40 26,92 60,92 43,75 54,24 
K3 26,01 33,33 22,82 20,00 28,86 32,28 14,95 
K5 53,69 45,90 59,09 65,00 49,54 53,54 54,00 
U1 19,23 23,08 17,95 18,60 21,31 14,49 34,29 
U4 30,50 36,36 27,76 33,91 28,78 34,37 24,10 

Total 35,53       
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Statistics from the K and U-scenarios – new software 
 
 
Distribution of all files - note that for all 
tables below, ONLY DATA FROM 
ADULT USERS HAVE BEEN USED, 
unless otherwise stated in the table 
header.      
        
Adults              
Total licence no_licence female male 39 years 99 years  

1541 1108 433 697 844 937 604  
        

Under aged            
Total licence no_licence female male 12 years 17 years  

3246 1373 1873 943 2303 2486 760  
        
        

Distributions after VB-sort. This is the files that contains a full scenario  
        
Adults               
Scenario Total licence no_licence female male 39 years 99 years 

K2 80 62 18 38 42 53 27 
K3 111 95 16 40 71 76 35 
K5 169 139 30 69 100 111 58 
U1 110 83 27 45 65 71 39 
M1 139 112 27 56 83 92 47 
M2 147 114 33 67 80 92 55 
M3 142 102 40 61 81 90 52 
                

Total 898 707 191 376 522 585 313 
        
        
Under aged             
Scenario Total licence no_licence female male 12 years 17 years 

K2 151 39 112 63 88 101 50 
K3 171 48 123 61 110 113 58 
K5 248 77 171 89 159 184 64 
U1 193 61 132 68 125 143 50 
M1 272 89 183 94 178 184 88 
M2 258 71 187 83 175 177 81 
M3 238 67 171 78 160 171 67 
                

Total 1531 452 1079 536 995 1073 458 
        
        
Distributions between the different groups within the scenario   
        
Adults               

Scenario Total licence (%) 
no_licence 
(%) 

female 
(%) 

male 
(%) 

39 years 
(%) 

99 years 
(%) 

K2 80 77,50 22,50 47,50 52,50 66,25 33,75 
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K3 111 85,59 14,41 36,04 63,96 68,47 31,53 
K5 169 82,25 17,75 40,83 59,17 65,68 34,32 
U1 110 75,45 24,55 40,91 59,09 64,55 35,45 
M1 139 80,58 19,42 40,29 59,71 66,19 33,81 
M2 147 77,55 22,45 45,58 54,42 62,59 37,41 
M3 142 71,83 28,17 42,96 57,04 63,38 36,62 
                

Total   78,73 21,27 41,87 58,13 65,14 34,86 
        
        
The remaining data in each group     
        
Adults               

  
Total 
(%) licence (%) 

no_licence 
(%) 

female 
(%) 

male 
(%) 

39 years 
(%) 

99 years 
(%) 

Total 58,27 63,81 44,11 53,95 61,85 62,43 51,82 
        
        
Under aged             

  
Total 
(%) licence (%) 

no_licence 
(%) 

female 
(%) 

male 
(%) 

12 years 
(%) 

17 years 
(%) 

Total 47,17 32,92 57,61 56,84 43,20 43,16 60,26 
        

        
Number of fully valid files in each scenario (Where BRT could be measured) 
        
Adults               

Scenario Total licence no_licence female male 39 years 99 years 
K2 27 21 6 9 18 21 6 
K3 49 43 3 13 36 36 13 
K5 33 30 3 16 17 21 12 
U1 31 27 4 13 18 25 6 
                

        
        
Under aged             
Scenario Total licence no_licence female male 12 years 17 years 

K2 43 8 35 24 19 26 17 
K3 74 19 55 26 48 45 29 
K5 19 7 12 9 10 12 7 
U1 32 7 25 14 19 19 13 
                
        
        

Percetage that gives measurable BRT data     
        

Adults               

Scenario 
Total 
(%) licence (%) 

no_licence 
(%) 

female 
(%) 

male 
(%) 

39 years 
(%) 

99 years 
(%) 

K2 33,75 33,87 33,33 23,68 42,86 39,62 22,22 
K3 44,14 45,26 18,75 32,50 50,70 47,37 37,14 
K5 19,53 21,58 10,00 23,19 17,00 18,92 20,69 
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U1 28,18 32,53 14,81 28,89 27,69 35,21 15,38 
U4 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
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Statistics from the M1-scenario – old software 
 
SWRT * - mean SWRT in seconds 
BRT* - mean BRT in seconds 
SWRR * - mean SWRR (reversals/minute) 
Out of lane* - the driver has an offset less than -1.187 meter, meaning that the right side of the driver car are at least 50cm out on the road verge. 
Out of road* - the driver has an offset less than -3.887 meter, meaning that the right side of the driver car are outside the road verge (3.2 meter wide). Drivers with a 
lane offset this big will in reality be far out of the road. 
 
All valid drivers  
 

Speed 
(km/h) SWRT * 

nr of 
SWRT % BRT * 

nr of 
drivers 
that 
brake % SWRR * 

out of 
lane* % 

out of 
road*  % Collision % 

Nr of 
drivers % 

 
< 80 3,11 100 21,79 3,95 5 11,40 38,97 98 19,92 0 0 0 0 172 21,34 
80-100 2,37 256 55,77 1,54 11 25,00 40,68 264 53,66 3 30 5 35,71 428 53,10 

>100 1,78 103 22,44 
1,60 

 28 63,60 45,53 130 26,42 7 70 9 64,29 206 25,60 
 
Total 2,40 459 56,95 1,84 44 5,46 41,55 492 61,04 10 1,24 14 1,74 806  
 
Steer right 
 

Speed 
(km/h) SWRT * 

nr of 
SWRT % BRT * 

nr of 
drivers 
that 
brake % SWRR * 

out of 
lane* % 

out of 
road*  % Collision % 

Nr of 
drivers % 

 
< 80 3,11 100 22,37 3,06 3 11,00 38,37 92 20,40 0 0 0 0 119 21,72 
80-100 2,39 252 56,38 1,10 9 32,00 40,28 245 54,50 2 22,20 5 55,60 295 53,83 
>100 1,79 95 21,25 1,49 16 57,00 44,12 113 25,10 7 77,80 4 44,40 134 24,45 

 
Total 2,42 447 81,57 1,54 28 5,10 40,80 450 82,10 9 1,60 9 1,60 548 67,99 
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No steering 
 

Speed 
(km/h) SWRT * 

nr of 
SWRT % BRT * 

nr of 
drivers 
that 
brake % SWRR * 

out of 
lane* % 

out of 
road*  % Collision % 

Nr of 
drivers % 

 
< 80 NaN 0 0 5,28 2 13,30 40,33 6 18,80 0 0 0 0 53 21,63 
80-100 NaN 0 0 3,48 2 13,30 41,57 16 50 1 100 0 0 129 52,65 
>100 NaN 0 0 1,65 11 73,40 48,09 10 31,20 0 0 1 100 63 25,71 
 
Total NaN 0 0 2,37 15 6,10 42,98 32 13,10 1 0,40 1 0.41 245 30,40 
 
Steer left 
 

Speed 
(km/h) SWRT * 

nr of 
SWRT % BRT * 

nr of 
drivers 
that 
brake % SWRR * 

out of 
lane* % 

out of 
road*  % Collision % 

Nr of 
drivers % 

 
< 80 NaN 0 0 NaN 0 0 NaN 0 0 0 0 0 0 0 0 
80-100 1,22 4 33,33 NaN 0 0 41,04 3 30 0 0 0 0 4 30,77 
>100 1,61 8 66,67 2,55 1 100 48,68 7 70 0 0 4 100 9 69,23 
 
Total 1,48 12 92,31 2,55 1 7,70 46,33 10 76,92 0 0 4 30,80 13 1,61 
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Statistics from the M2-scenario – old software 
 
SWRT * - mean SWRT in seconds 
BRT* - mean BRT in seconds 
SWRR * - mean SWRR (reversals/minute) 
Out of lane* - the driver has an offset less than -1.187 meter, meaning that the right side of the driver car are at least 50cm out on the road verge. 
Out of road* - the driver has an offset less than -3.887 meter, meaning that the right side of the driver car are outside the road verge (3.2 meter wide). Drivers with a 
lane offset this big will in reality be far out of the road. 
 
All valid drivers  
 

Speed 
(km/h) SWRT * 

nr of 
SWRT % BRT * 

nr of 
drivers 
that 
brake % SWRR * 

out of 
lane* % 

out of 
road*  % Collision % 

Nr of 
drivers % 

 
< 80 4,73 106 29,61 5,47 14 25,00 39,21 111 30,58 5 29,41 23 31,08 135 28,85
80-100 3,49 176 49,16 4,01 22 39,29 44,01 169 46,56 5 29,41 30 40,54 223 47,65
>100 2,64 76 21,23 2,87 20 35,71 46,40 83 22,87 7 41,18 21 28,38 110 23,50
 
Total 3,68 358 76,5 3,97 56 11,97 43,19 363 77,56 17 3,63 74 15,81 468
 
Steer right 
 

Speed 
(km/h) SWRT * 

nr of 
SWRT % BRT * 

nr of 
drivers 
that 
brake % SWRR * 

out of 
lane* % 

out of 
road*  % Collision % 

Nr of 
drivers % 

 
< 80 4,70 100 29,94 5,49 10 27,78 38,69 104 31,42 5 31,25 13 40,63 111 31,00
80-100 3,51 164 49,10 4,08 14 38,89 43,70 155 46,83 5 31,25 11 34,38 169 47,21
>100 2,66 70 20,96 2,68 12 33,33 47,77 72 21,75 6 37,50 8 25,00 78 21,79
 
Total 3,69 334 93,30 4,00 36 10,06 43,03 331 92,46 16 4,47 32 8,94 358 76,50
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No steering 
 

Speed 
(km/h) SWRT * 

nr of 
SWRT % BRT * 

nr of 
drivers 
that 
brake % SWRR * 

out of 
lane* % 

out of 
road*  % Collision % 

Nr of 
drivers % 

 
< 80 NaN 0 0 5,29 2 15,38 40,83 3 15,00 0 0 5 25,00 18 21,43
80-100 NaN 0 0 4,12 5 38,46 46,59 9 45,00 0 0 6 30,00 41 48,81
>100 NaN 0 0 3,09 6 46,15 43,56 8 40,00 0 0 9 45,00 25 29,76

 
Total NaN 0 0 3,83 13 15,48 44,45 20 23,81 0 0 20 23,81 84 17,95
 
Steer left 
 

Speed 
(km/h) SWRT * 

nr of 
SWRT % BRT * 

nr of 
drivers 
that 
brake % SWRR * 

out of 
lane* % 

out of 
road*  % Collision % 

Nr of 
drivers % 

 
< 80 5,23 6 25,00 5,50 2 28,57 43,95 4 33,33 0 0 5 22,73 6 23,08
80-100 3,23 12 50,00 3,51 3 42,86 40,00 5 41,67 0 0 13 59,09 13 50,00
>100 2,45 6 25,00 3,38 2 28,57 41,33 3 25,00 1 100 4 18,18 7 26,92
 
Total 3,54 24 92,31 4,04 7 26,92 41,27 12 46,15 1 3,85 22 84,62 26 5,56
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Statistics from the M1-scenario – new software 
 
SWRT * - mean SWRT in seconds 
BRT* - mean BRT in seconds 
SWRR * - mean SWRR (reversals/minute) 
Out of lane* - the driver has an offset less than -1.187 meter, meaning that the right side of the driver car are at least 50cm out on the road verge. 
Out of road* - the driver has an offset less than -3.887 meter, meaning that the right side of the driver car are outside the road verge (3.2 meter wide). Drivers with a 
lane offset this big will in reality be far out of the road. 
 
All valid drivers  
 

Speed 
(km/h) SWRT * 

nr of 
SWRT % BRT * 

nr of 
drivers 
that 
brake % SWRR * 

out of 
lane* % 

out of 
road*  % Collision % 

Nr of 
drivers % 

 
< 80 4,07 6 12,77 NaN 0 0,00 34,47 4 10,00 0 0 1 25,00 8
80-100 2,31 33 70,21 3,63 1 50,00 43,19 27 67,50 0 0 3 75,00 70
>100 1,83 8 17,02 3,19 1 50,00 50,14 9 22,50 0 0 0 0 15
 
Total 2,45 47 50,54 3,41 2 2,15 43,56 40 43,01 0 0 4 0,04 93
 
Steer right 
 

Speed 
(km/h) SWRT * 

nr of 
SWRT % BRT * 

nr of 
drivers 
that 
brake % SWRR * 

out of 
lane* % 

out of 
road*  % Collision % 

Nr of 
drivers % 

 
< 80 4,07 6 13,33 NaN 0 0 36,29 4 11,11 0 0 0 0 6 12,24
80-100 2,32 32 71,11 3,63 1 100 44,76 25 69,44 0 0 1 100 35 71,43
>100 1,98 7 15,56 NaN 0 0 47,21 7 19,44 0 0 0 0 8 16,33
 
Total 2,50 45 91,84 3,63 1 2,04 44,12 36 73,47 0 0 1 2,04 49 52,69
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Statistics from the M1-scenario – new software 
 
SWRT * - mean SWRT in seconds 
BRT* - mean BRT in seconds 
SWRR * - mean SWRR (reversals/minute) 
Out of lane* - the driver has an offset less than -1.187 meter, meaning that the right side of the driver car are at least 50cm out on the road verge. 
Out of road* - the driver has an offset less than -3.887 meter, meaning that the right side of the driver car are outside the road verge (3.2 meter wide). Drivers with a 
lane offset this big will in reality be far out of the road. 
 
All valid drivers  
 

Speed 
(km/h) SWRT * 

nr of 
SWRT % BRT * 

nr of 
drivers 
that 
brake % SWRR * 

out of 
lane* % 

out of 
road*  % Collision % 

Nr of 
drivers % 

 
< 80 4,07 6 12,77 NaN 0 0,00 34,47 4 10,00 0 0 1 25,00 8
80-100 2,31 33 70,21 3,63 1 50,00 43,19 27 67,50 0 0 3 75,00 70
>100 1,83 8 17,02 3,19 1 50,00 50,14 9 22,50 0 0 0 0 15
 
Total 2,45 47 50,54 3,41 2 2,15 43,56 40 43,01 0 0 4 0,04 93
 
Steer right 
 

Speed 
(km/h) SWRT * 

nr of 
SWRT % BRT * 

nr of 
drivers 
that 
brake % SWRR * 

out of 
lane* % 

out of 
road*  % Collision % 

Nr of 
drivers % 

 
< 80 4,07 6 13,33 NaN 0 0 36,29 4 11,11 0 0 0 0 6 12,24
80-100 2,32 32 71,11 3,63 1 100 44,76 25 69,44 0 0 1 100 35 71,43
>100 1,98 7 15,56 NaN 0 0 47,21 7 19,44 0 0 0 0 8 16,33
 
Total 2,50 45 91,84 3,63 1 2,04 44,12 36 73,47 0 0 1 2,04 49 52,69
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No steering 
 

Speed 
(km/h) SWRT * 

nr of 
SWRT % BRT * 

nr of 
drivers 
that 
brake % SWRR * 

out of 
lane* % 

out of 
road*  % Collision % 

Nr of 
drivers % 

 
< 80 NaN 0 0 NaN 0 0 24,29 0 0 0 0 0 0 1 2,44
80-100 NaN 0 0 NaN 0 0 40,95 1 50,00 0 0 1 100 34 82,93
>100 NaN 0 0 3,19 1 100 56,79 1 50,00 0 0 0 0 6 14,63

 
Total NaN 0 0 3,19 1 2,44 42,86 2 4,88 0 0 1 2,44 41 44,09
 
Steer left 
 

Speed 
(km/h) SWRT * 

nr of 
SWRT % BRT * 

nr of 
drivers 
that 
brake % SWRR * 

out of 
lane* % 

out of 
road*  % Collision % 

Nr of 
drivers % 

 
< 80 NaN 0 0 NaN 0 0 33,75 0 0 0 0 1 50,00 1 33,33
80-100 2,20 1 50,00 NaN 0 0 64,73 1 50,00 0 0 1 50,00 1 33,33
>100 0,78 1 50,00 NaN 0 0 33,75 1 50,00 0 0 0 0 1 33,33
 
Total 1,49 2 66,67 NaN 0 0 44,08 2 66,67 0 0 2 66,67 3 3,23
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Statistics from the M2-scenario – new software 
 
SWRT * - mean SWRT in seconds 
BRT* - mean BRT in seconds 
SWRR * - mean SWRR (reversals/minute) 
Out of lane* - the driver has an offset less than -1.187 meter, meaning that the right side of the driver car are at least 50cm out on the road verge. 
Out of road* - the driver has an offset less than -3.887 meter, meaning that the right side of the driver car are outside the road verge (3.2 meter wide). Drivers with a 
lane offset this big will in reality be far out of the road. 
 
All valid drivers  
 

Speed 
(km/h) SWRT * 

nr of 
SWRT % BRT * 

nr of 
drivers 
that 
brake % SWRR * 

out of 
lane* % 

out of 
road*  % Collision % 

Nr of 
drivers % 

 
< 80 3,07 2 5,13 4,99 1 9,09 33,18 2 5,26 0 0 0 0 3 4,69
80-100 3,60 25 64,10 4,57 9 81,81 46,46 24 63,16 1 100 12 85,71 44 68,75
>100 2,72 12 30,77 0,44 1 9,09 48,81 12 31,58 0 0 2 1,43 17 26,56
 
Total 3,30 39 60,94 4,23 11 17,19 46,46 38 59,38 1 1,56 14 21,88 64
 
Steer right 
 

Speed 
(km/h) SWRT * 

nr of 
SWRT % BRT * 

nr of 
drivers 
that 
brake % SWRR * 

out of 
lane* % 

out of 
road*  % Collision % 

Nr of 
drivers % 

 
< 80 4,72 1 2,94 4,99 1 16,67 28,34 2 6,67 0 0 0 0 2 5,56
80-100 3,51 23 67,65 4,72 4 66,67 48,10 19 63,33 1 100 2 66,67 24 66,67
>100 2,65 10 29,41 0,44 1 16,67 45,80 9 30,00 0 0 1 33,33 10 27,78
 
Total 3,29 34 94,44 4,05 6 16,67 46,37 30 83,33 1 2,78 3 8,33 36 56,25
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No steering 
 

Speed 
(km/h) SWRT * 

nr of 
SWRT % BRT * 

nr of 
drivers 
that 
brake % SWRR * 

out of 
lane* % 

out of 
road*  % Collision % 

Nr of 
drivers % 

 
< 80 NaN 0 0 NaN 0 0 NaN 0 0 0 0 0 0 0 0
80-100 NaN 0 0 4,45 5 100 44,97 4 66,67 0 0 7 100 17 77,27
>100 NaN 0 0 NaN 0 0 49,83 2 33,33 0 0 0 0 5 22,73

 
Total NaN 0 0 4,45 5 22,73 46,07 6 27,27 0 0 7 31,82 22 34,38
 
Steer left 
 

Speed 
(km/h) SWRT * 

nr of 
SWRT % BRT * 

nr of 
drivers 
that 
brake % SWRR * 

out of 
lane* % 

out of 
road*  % Collision % 

Nr of 
drivers % 

 
< 80 1,42 1 20,00 NaN 0 0 42,86 0 0 0 0 0 0 1 16,67
80-100 4,59 2 40,00 NaN 0 0 41,75 1 50,00 0 0 3 75,00 3 50,00
>100 3,06 2 40,00 NaN 0 0 61,26 1 50,00 0 0 1 25,00 2 33,33
 
Total 3,34 5 83,33 NaN 0 0 48,44 2 33,33 0 0 4 66,67 6 9,38
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Statistics from the M3-scenario 
 
SWRT * - mean SWRT in seconds 
BRT* - mean BRT in seconds 
SWRR * - mean SWRR (reversals/minute) 
Out of lane* - the driver has an offset less than -1.187 meter, meaning that the right side of the driver car are at least 50cm out on the road verge. 
Out of road* - the driver has an offset less than -3.887 meter, meaning that the right side of the driver car are outside the road verge (3.2 meter wide). Drivers with a 
lane offset this big will in reality be far out of the road. 
 
All valid drivers  
 

Speed 
(km/h) SWRT * 

nr of 
SWRT % BRT * 

nr of 
drivers 
that 
brake % SWRR * 

out of 
lane* % 

out of 
road*  % Collision % 

Nr of 
drivers % 

 
< 80 1,45 2 7,14 1,43 1 5,00 50,76 3 11.11 1 33,33 0 0 3 5,36
80-100 0,93 20 7,14 1,32 14 70,00 45,73 19 70,37 2 66,67 0 0 38 67,86
>100 0,94 6 21,43 1,53 5 25,00 47,06 5 18,52 0 0 0 0 15 26,79
 
Total 0,97 28 50 1,38 20 35,71 46,35 27 48,21 3 5,36 0 0 56
 
Steer right 
 

Speed 
(km/h) SWRT * 

nr of 
SWRT % BRT * 

nr of 
drivers 
that 
brake % SWRR * 

out of 
lane* % 

out of 
road*  % Collision % 

Nr of 
drivers % 

 
< 80 1,45 2 7,14 1,43 1 12,50 50,76 3 10,71 1 33,33 0 0 3 8,57
80-100 0,93 20 71,43 1,23 5 62,50 43,66 18 64,29 2 66,67 0 0 24 68,57
>100 0,94 6 21,43 1,72 2 25,00 43,41 5 17,86 0 0 0 0 8 22,86
 
Total 0,97 28 80,00 1,38 8 22,86 44,21 28 80,00 3 8,57 0 0 35 62,50
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No steering 
 

Speed 
(km/h) SWRT * 

nr of 
SWRT % BRT * 

nr of 
drivers 
that 
brake % SWRR * 

out of 
lane* % 

out of 
road*  % Collision % 

Nr of 
drivers % 

 
< 80 NaN NaN NaN NaN 0 0 NaN 0 0 0 0 0 0 0 0
80-100 NaN NaN NaN 1,37 9 75,00 49,26 1 100 0 0 0 0 14 66,67
>100 NaN NaN NaN 1,39 3 25,00 51,23 0 0 0 0 0 0 7 33,33

 
Total NaN NaN NaN 1,38 12 57,14 49,92 1 4,76 0 0 0 0 21 37,50
 
Steer left 
 

Speed 
(km/h) SWRT * 

nr of 
SWRT % BRT * 

nr of 
drivers 
that 
brake % SWRR * 

out of 
lane* % 

out of 
road*  % Collision % 

Nr of 
drivers % 

 
< 80 NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN
80-100 NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN
>100 NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN
 
Total NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN
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10 Appendix C  
 
Sizes of the movers and driver in the different scenarios 
 
Scenario Mover Length (meter) Width (meter) 
K2 VW Golf red 4,06m 1,88m 
K3 Volvo S80 silver 4,81m 1,83m 
K5 Forde Esprit light blue 5,10m 2,58m 
M1 Volvo S80 silver 4,81m 1,83m 
M2 Mercedes Benz 500 dark blue 4,47m 2,02m 
M3 Volvo S80 black 4,81m 1,83m 
U1 Volvo S70 red 4,69m 1,95m 
U4 Volvo S70 red 4,69m 1,95m 
 
Table. Sizes of the drivers in the scenarios 
 
 
Driver Length (meter) Width (meter) 
Volvo S80 black 1.83m 4.81m 
 
Table. Size of the drivers 
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Drivers helped by an EBA system 
 
The relationship between BRT and speed and how they inflict the outcome of the situation 
is not easy to determine. A first and easy test to find drivers that can be helped by an EBA 
system is to investigate the plots from the scenarios. Drivers which have collided for a BRT 
and speed where others have avoided collision have not used enough brake power. It is 
obvious that these drivers can be helped by an EBA system. 
 
K2 

 
Figure. Plot from K2. The black line connects drivers with maximal BRT and speed which have avoided 
collision. The entries to the bottom left of the figure, within the black border, should all be able to avoid 
collision. There are 7 collision entries within the black border corresponding to ~ 13% of the colliding drivers. 
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K3 
 

 
Figure. Plot from K3. The black line connects drivers with maximal BRT and speed which have avoided 
collision. The entries to the bottom left of the figure, within the black border, should all be able to avoid 
collision. There are 35 collision entries within the black border corresponding to ~ 29% of the colliding 
drivers. 
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K5 
 

 
Figure. Plot from K5. The black line connects drivers with maximal BRT and speed which have avoided 
collision. The entries to the bottom left of the figure, within the black border, should all be able to avoid 
collision. There are 15 collision entries within the black border corresponding to ~ 21% of the colliding 
drivers. 
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U1 
 

 
Figure. Plot from U1. The black line connects drivers with maximal BRT and speed which have avoided 
collision. The entries to the bottom left of the figure, within the black border, should all be able to avoid 
collision. There are 14 collision entries within the black border corresponding to ~ 25% of the colliding 
drivers. 
 
 
 
 


