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Abstract 

Traffic safety has traditionally been measured by analyzing historical accident data, 
which is a reactive method where a certain number of accidents must occur in order to 
identify the safety problem. An alternative safety assessment method is to use proximal 
safety indicators that are defined as measures of accident proximity, which is 
considered a proactive method. With this method it is possible to detect the safety 
problem before the accidents have happened. To be able to detect problems in traffic 
situations in general, microscopic simulation is commonly used. In these models it may 
be possible to generate representative near-accidents, measured by proximal safety 
indicator techniques. A benefit of this would be the possibility to experiment with 
different road designs and evaluate the traffic safety level before reconstructions of the 
road infrastructure. Therefore has an investigation been performed to test the possibility 
to identify near-accidents (conflicts) in a microscopic simulation model mimicking the 
Traffic Conflict Technique developed by Hydén (1987). 

In order to perform the investigation a case study has been used where an intersection 
in the city center of Stockholm was studied. The intersection has been rebuilt, which 
made it possible to perform a before and after study. For the previous design there was 
a traffic safety assessment available which was carried out using the Traffic Conflict 
Technique. Microscopic simulation models representing the different designs of the 
intersection were built in PTV Vissim. In order to evaluate and measure the traffic 
safety in reality as well as in the microscopic simulation models, a traffic safety 
assessment was performed in each case. The traffic safety assessment in field for the 
present design was carried out as a part of this thesis. The main focus of this thesis was 
the road safety for vulnerable road users. 

The method to identify conflicts in the simulation model has been to extract raw data 
output from the simulation model and thereafter process this data in a Matlab program, 
aiming to mimic the Traffic Conflict Technique. The same program and procedure was 
used for both the previous and the present design of the intersection.  

The results from the traffic safety assessment in the simulation model have been 
compared to the results from the field study in order to evaluate how well microscopic 
simulation works as an evaluation tool for traffic safety in new designs. The comparison 
shows that the two methods of conflict identification cannot replace each other straight 
off. But with awareness of the differences between the methods, the simulation model 
could be used as an indication when evaluating the level of traffic safety in a road 
design. 

 
 

Keywords: Microscopic simulation, Pedestrian simulation, Viswalk, Traffic safety, 
Traffic Conflict Technique, Time-to-Accident, Conflict, Conflict observation.  



ii  
 

Sammanfattning 

Trafiksäkerhet har traditionellt sett utvärderats genom att analysera historisk 
olycksdata, vilket är en metod där ett visst antal olyckor måste ske för att 
säkerhetsproblemet ska kunna identifieras. En alternativ metod för 
trafiksäkerhetsbedömning är att använda nästan-olyckor (konflikter), vilket anses vara 
en förebyggande metod där det är möjligt att upptäcka säkerhetsproblemet innan 
olyckorna har hänt. I allmänhet är det vanligt att använda mikrosimuleringsmodeller 
för att kunna upptäcka problem i trafiksituationer. I dessa modeller kan det vara möjligt 
att generera representativa konflikter vilket skulle medföra möjligheten att kunna 
experimentera med olika vägutformningar och utvärdera trafiksäkerhetsnivån före 
ombyggnation. Därför har en undersökning genomförts för att testa möjligheten att 
identifiera konflikter i en mikrosimuleringsmodell genom att efterlikna 
Konflikttekniken, utvecklad av Hydén (1987). 

För att genomföra undersökningen har ett case använts där en korsning i centrala 
Stockholm studerats. Korsningen har byggts om, vilket har gjort det möjligt att utföra 
en för- och efterstudie. För den tidigare utformningen fanns en 
trafiksäkerhetsbedömning tillgänglig genomförd med hjälp av Konflikttekniken. 
Mikrosimuleringsmodeller, som representerar de olika utformningarna av korsningen, 
byggdes upp i PTV Vissim. För att kunna utvärdera och mäta trafiksäkerheten i 
verkligheten såväl som i simuleringsmodellerna, utfördes en trafiksäkerhetsbedömning 
för varje scenario. Trafiksäkerhetsbedömningen för den nuvarande utformningen av 
korsningen genomfördes som en del av detta examensarbete. Huvudsakligt fokus i 
denna studie var trafiksäkerheten för oskyddade trafikanter.  

Metoden för att identifiera konflikter i simuleringsmodellen har bestått av att extrahera 
rådata från simuleringsmodellen och därefter behandla dessa data i ett Matlab-program 
som syftar till att efterlikna Konflikttekniken.  

Resultaten från trafiksäkerhetsbedömningen genomförd i simuleringsmodellen har 
jämförts med resultaten från verkligheten för att utvärdera hur väl mikrosimulering 
fungerar som verktyg för att utvärdera trafiksäkerheten i nya utformningar. Jämförelsen 
visar att de två metoderna för konfliktidentifiering inte kan ersätta varandra rakt av. 
Men med kännedom om skillnaderna mellan metoderna kan simuleringsmodellen 
användas som en indikation vid bedömning av trafiksäkerheten i en vägutformning. 

 

 

 

Nyckelord: Mikrosimulering, Fotgängarsimulering, Viswalk, Trafiksäkerhet, 
Konflikttekniken, Tid-Till-Olycka, Konflikt, Konfliktobservation. 
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Terminology 
Braking road user The road user that performs the evasive maneuver in order to 

avoid a collision. 

Conflict   A situation when two or more road users are approaching each 
other in both time and space such that it is a risk for collision 
if no action is taken. 

Conflicting road user   The road user that is in conflict with the braking road user. 

Conflict identification The process of identifying conflicts in the simulation model. 

Conflict observation The process of identifying conflicts in the intersection in 
reality. 

Evasive maneuver   An action performed in order to avoid a collision between 
several road users. For example braking. 

Near-accident An incident where two road user are close to an accident but 
an action is performed to avoid it. 

Non-serious conflict Conflict classed as not serious based on the Time-To-Accident 
value and the road user’s speed. 

Post-Encroachment  Safety indicator measure that describes the differences in  
Time time between to road users that travels over a shared spatial 

area. 

Present Design  The geometrical design and traffic rules concerning the 
intersection of S:t Eriksgatan - Fleminggatan after May 2015. 

Previous Design  The geometrical design and traffic rules concerning the 
intersection of S:t Eriksgatan - Fleminggatan before May 2015. 

Serious conflict Conflict classed as serious based on the Time-To-Accident 
value and the road user’s speed. 

Swerving An evasive maneuver to avoid a collision by a turning 
movement. 

Time-To-Accident Safety indicator measure determined according to the Traffic 
Conflict Technique. Describes the time that remains to an 
accident, assuming that the road users had continued with the 
same speed and direction, from the moment the evasive action 
starts. 

Time-To-Collision Safety indicator measure to describe the proximity of an 
accident. Is recorded continually during a conflict and is not 
dependent of the evasive maneuver. 

Traffic Conflict  A method to measure the traffic safety level by  
Technique identifying conflicts at a specific location. 
  



x 
 

Abbreviations 

CDF Cumulative Distribution Function 

CPI Crash Potential Index 

PET Post Encroachment Time  

SFM Social Force Model 

TA Time-To-Accident 

TCT Traffic Conflict Technique 

TTC Time-To-Collision 
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1. Introduction 
A sustainable transportation system involves the possibility to travel safely on the road 
infrastructure. Although the number of fatalities from road accidents have decreased in 
Sweden over the past decades, the increase in number of vehicles has outnumbered the 
capacity of the existing road infrastructure, especially in the larger cities. This results 
in a difficulty to keep an acceptable and sustainable level of traffic safety standard.  

Traffic safety has traditionally been measured by analyzing historical accident data in 
terms of number of traffic accidents and the severity of these accidents. This method is 
useful to identify specific safety problems, but is a reactive method where a significant 
number of accidents must occur and be recorded before the safety problem can be 
identified. An accident is usually the result of a chain of events that is not possible to 
deduce from the statistics, which results in difficulties to perform safety analyses 
regarding why the accidents occur.  

An alternative safety assessment method is to use proximal safety indicators that are 
defined as measures of accident proximity. The measures demonstrate, spatial or 
temporal, how close the road users are to the projected point of collision, if no evasive 
action had been made. Proximal safety indicators occur much more frequently than 
accidents, which can result in relatively short observation period to give statistically 
reliable results. In comparison to historical accident data, the use of proximal safety 
indicators are considered a proactive method. With this method it is possible to detect 
the safety problem before the accidents have happened. 

To maintain and develop the sustainable transportation system regular improvements 
of the road infrastructure are necessary.  However, it is often desirable to be able to 
analyze what effects changes leads to before applying them in reality. Simulation in 
general has become a popular and effective tool for analyzing a variety of dynamical 
problems that cannot be studied with more traditional analytical methods, with 
sufficient accuracy. Traffic simulation models are designed to characterize the behavior 
of the traffic system in order to generate a quantitative description of system 
performance and are therefore a suitable tool for evaluating future road designs.  

According to Archer (2005), microscopic traffic simulation as a tool in safety analysis 
can be useful, especially for safety assessment and prediction purposes. This is because 
microscopic simulation models provides the ability to experiment with different 
designs and traffic parameter values in an experimental environment. To be able to 
estimate the effects of traffic safety and traffic performance, a carefully calibrated and 
validated simulation model is required. In a microscopic simulation model it may be 
possible to generate representative near-accidents, measured by proximal safety 
indicator techniques. Therefore, the main focus of this master thesis will be to test the 
possibility to identify near-accidents in a microscopic simulation model.  

One benefit to be able to use microscopic simulation for traffic safety assessment would 
be the possibility to experiment with different road designs and evaluate the traffic 
safety level before reconstructions of the road infrastructure. Also the properties of 
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simulation models can be a benefit since it is possible to evaluate different scenarios at 
the same presumptions, such as driver behavior and traffic flow.  

1.2 Aim and research questions    
The aim of this master thesis is to investigate how well microscopic simulation works 
as an evaluation tool for traffic safety for vulnerable road users, for a future road design. 
This will be achieved by using microscopic simulation of pedestrians and analyze their 
interaction with other traffic modes. The simulation will be analyzed from a traffic 
safety perspective and the possibility to identify near-accidents (conflicts) in a 
simulation environment will be investigated. To analyze how well simulation works as 
an evaluation tool for traffic safety, attempts to determine how close the results of the 
traffic safety assessment in reality are to the results of the traffic safety assessment in 
the simulation model, for a future road design will be performed.  

The contribution of this master thesis is the comparison between traffic safety 
assessments in simulation models and in field studies. More specific will the 
contribution be the approach of base the comparison on the Time-to-Accident value for 
the traffic safety assessments, and therefore be able to compare directly to observational 
studies with the Traffic Conflict Technique. Additionally, this master thesis will 
investigate the possibility to perform a traffic safety assessment of a future scenario in 
the simulation model and consequently give the opportunity to evaluate the traffic 
safety in intersections that has yet to be built.  

 Research questions that this thesis aims to answer are:   

 What is the capability of microscopic simulation as an evaluation tool for 
traffic safety in new designs? 

o How well does the results from the traffic safety evaluation in the 
microscopic simulation model correspond to the results from reality, 
when identifying conflicts according to the Traffic Conflict 
Technique?  

o Which kind of conflicts are possible to consider in a microscopic 
simulation software with pedestrian traffic? 

o Are there any model properties or simplifications in the microscopic 
simulation software that are responsible for any absent conflicts? What 
shortcomings of the software or the traffic safety assessment method 
are there? 

1.3 Methodology 
Included in this master thesis are three major parts: literature survey, simulation model 
development and traffic safety assessment. 

The literature survey was performed firstly, where most of the material were found 
from searches on Internet but some of the references have been recommended from the 
supervisors. The literature survey has been categorized in three different parts: traffic 
safety assessment, microscopic simulation and microscopic simulation in combination 
with traffic safety assessment. The traffic safety assessment section covers, among 
others, the basis of the Traffic Conflict Technique developed by Hydén (1987), which 
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is a technique that uses data from conflicts to give an indication of the level of traffic 
safety at a certain location.  

Furthermore, a description of microscopic simulation in general and specified for 
pedestrians was included in the literature survey. It also discusses previous work 
regarding the combination of traffic safety assessment and simulation as well as 
methods for identifying conflicts in the simulation model.    

In order to answer the research questions a case study has been performed. An 
intersection in the city center of Stockholm was rebuilt in 2015 to improve, among 
others, the traffic safety. A preparatory study was carried out by Sweco (on behalf of 
City of Stockholm) before the reconstruction (Archer, et al., 2012), where an 
investigation of the intersection were performed through traffic measurements and a 
conflict observation study. The conflict observation study was performed with the 
Traffic Conflict Technique developed by Hydén (1987). This has enabled the 
opportunity to study both previous and present design of the intersection, which is a 
common proceeding when planning traffic. This is done in order to evaluate the 
changes performed in the road design.  

In order to perform a traffic safety assessment for both the previous and the present 
design of the intersection, microscopic simulation models of the two different scenarios 
have been developed. A microscopic simulation model was available from the 
preparatory study made in the intersection. This model was developed in the Vissim 
software, but the main focus in the model was on motorized vehicles and not the 
pedestrians and cyclists. Therefore a Viswalk module was required and this additional 
module generated the need of recalibrating the model. This was performed with the 
help of traffic counts from the preparatory study. The model of the present design of 
the intersection was then developed, based on the previous design, with help from for 
example layouts and data collection.  

In order to evaluate and measure the traffic safety in reality as well as in the microscopic 
simulation model, a traffic safety assessment has been performed in each case. The 
traffic safety assessment has consisted of a conflict observation study according to the 
Traffic Conflict Technique. This is suitable for this kind of assessment since accident 
analysis based on historical data only gives a reliable picture of the traffic situation after 
several years when the total number of accidents is sufficient.  

The Traffic Conflict Technique has been applied in the microscopic simulation models 
for both the previous and the present designs of the intersection, as well as in reality in 
the intersection. The application of the Traffic Conflict Technique, in the case of the 
field study, needed practice in order to give somewhat reliable results. The technique 
to identify conflicts in the simulation model has been to extract raw data output from 
the simulation model and thereafter process this data in Matlab. 

Finally, the results from the traffic safety assessment from the simulation have been 
compared to the results from the field study in order to evaluate how well microscopic 
simulation works as an evaluation tool for traffic safety in new designs. 
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1.4 Outline 
The work in this thesis is presented as follows; it starts with a literature study covering 
mainly three parts. The first part, in chapter 2, is about traffic safety assessment 
including methods to use in order to perform this. The second part, in chapter 3, covers 
microscopic traffic simulation with main focus on the simulation of pedestrians and the 
microscopic simulation software used in this thesis, PTV Vissim. The last part of the 
literature study, in chapter 4, covers the combination of traffic safety assessment and 
microscopic simulation where different methods for identifying conflicts are described 
together with previous work within this field of study.  

In chapter 5 the case study of the intersection is presented with a description of the 
traffic situation and identified problems for the previous design as well as the changes 
performed in geometry and traffic rules to the present design. 

The procedure done in order to adjust and calibrate the microscopic simulation models 
is presented in chapter 6. The method for traffic safety assessment in the simulation 
model is presented and described in chapter 7 and the traffic safety assessment 
performed in the intersection is presented in chapter 8. 

The chapters that follows will contain results from the traffic safety assessments, both 
from reality and from the microscopic simulation models, from the previous and 
present designs of the intersection, respectively. In the subsequent chapters the results 
will be analyzed and a conclusion of the master thesis will be deduced by a discussion.  
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2. Traffic safety assessment 
Traffic safety has usually been measured by using historical accident data from police 
reports and hospital reporting. The traffic safety is measured by the number of traffic 
accidents and the outcome of these accidents in terms of severity. However, historical 
accident data have a long evaluation time since accidents are rare events, and therefore 
it can take several years before a sufficient number of accidents have occurred to be 
possible to evaluate the traffic situation at a specific location. Long evaluation times 
can cause changed conditions at the specific location which affects the assessment.  

An alternative approach to traffic safety assessment is to use proximal safety indicators, 
for example done by Hydén (1987) and Archer (2005). Proximal safety indicators are 
measures that represents the proximity of accidents, both temporal and spatial. The 
measures describes how close the road users are in relation to the intended impact point. 
All facts in the following section is based on Hydén (1987) if nothing else is specified. 

2.1 The Traffic Conflict Technique 
The Traffic Conflict Technique (TCT) is a measuring method that can, in combination 
with other methods of evaluation, be used to measure the traffic safety level. The 
method is best suited for use in urban areas and have been proven to be useful in before-
and-after studies where it is possible to relatively quickly follow up the measures to see 
if they had the desired effects (Trafik och väg, Lunds Tekniska Högskola, 2015).  

The origin of the TCT is in the Detroit General Motors laboratory where they during 
the 1960´s did research for identifying safety problems associated with vehicle 
construction (Archer, 2005). In Sweden the TCT has been further developed at the 
University of Lund by Hydén (1987) during several years and is now also used in 
several other countries. 

A conflict is the result of when the interaction between vehicle-environment-road users 
has not worked as it should have done in ideal circumstances, in a similar way as in the 
occurrence of an accident. A conflict, according to the Swedish TCT, is when two or 
more road users are in a situation where they are approaching each other in both time 
and space such that it is a risk for collision if no action is taken (Archer, 2005). The 
evasive actions taken to avoid an accident are usually braking or swerving in 
combination with braking, but also only swerving or acceleration has been recorded as 
evasive actions. 

The interaction between different road users can be described by several elementary 
events and the relationship between these can be seen in Figure 1. These events have 
different degree of seriousness and have different likelihood to occur. It can also been 
seen that there is a relationship between serious conflicts and accidents, both in 
numbers that occurs and in their characteristics.  
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Figure 1 - The safety pyramid, figure remodeled according to Hydén (1987) 

Serious conflicts have similar course of event as accidents, but the outcome is rarely an 
actual accident and therefore no one is injured. Due to this similarity it should be 
possible to prevent accidents if serious conflicts can be prevented, according to Hydén 
(1987). Conflicts also occur more often than accidents which gives the TCT an 
advantage compared to historical accident data where it is only possible to get a reliable 
picture over the traffic situation after several years. 

The Swedish TCT is using a conflict measure called Time-To-Accident (TA). The TA-
value describes the time that remains to an accident, assuming that the road users had 
continued with the same speed and direction, from the moment the evasive action starts. 
This value is calculated with help of estimations of the distance to the intended impact 
point and the speed in the moment of the evasive action, see Equation 1. The 
estimations of the speed and distance is made by trained conflict observers in field 
which will detect and register conflicts with the help of a Conflict Recording Form (see 
Appendix A). By the definition of the TA-measure it can be deduced that no reaction-
time is considered and a collision course must be established between at least two road 
users in order for the TA-measure to be valid.  

劇畦 = 穴�嫌建�券潔結嫌喧結結穴                                                            岫な岻 

The severity of a conflict depends on several different factors such as: distance between 
the road users and the time left to a collision, as well as the deceleration needed to avoid 
an accident. In Figure 2 an example over a conflict diagram can be seen, where a 
classification of serious and non-serious conflicts is made according to the Swedish 
TCT. According to Hydén (1987), the relationship between conflicting speed and the 
TA-value determines the severity of the conflict. The border between a serious and non-
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serious conflict is based on a non-linear function that includes the average rate of 
deceleration that is required to avoid a collision at different speeds but also a standard 
friction coefficient. The same border is used for all different road users.  

 

Figure 2 - Example of a conflict diagram 

According to Sakshaug and Lindström-Olsson (2013), the TCT is developed with focus 
on conflicts involving motorized vehicles and have been verified against historical 
accident data for this type of conflicts. Conflicts involving pedestrians or cyclists with 
motorized vehicles, where the vehicle is the one making the evasive maneuver to 
prevent an accident, are similar to conflicts between two motorized vehicles to such 
extent that the conflict technique works quite well for this type of conflicts. However, 
if the evasive maneuver is performed by the pedestrian it becomes more difficult. A 
pedestrian is moving in such slow speed that it is possible for them to stop momentarily, 
which results in difficulties to determine how close an accident actually was. 

In a report from Eriksson et al. (2015) it is established that collisions between 
pedestrians and cyclist is a relative small traffic safety problem. Analysis of accident 
statistic in STRADA shows that collisions between pedestrians and cyclists represents 
only about one to two percent of accidents reported to the hospitals.  

However, despite that the conflicts between pedestrians and cyclists make up a relative 
small traffic safety problem, there are good reasons to analyze these road users as 
different groups with individual needs in the infrastructure. This is because crossing 
points between pedestrians and cyclist are considered to be a safety and accessibility 
problem for both of the road user groups. Safety in that sense that it is the perceived 
safety that is referred to. Separation of these road users may not be justified only by 
traffic safety reasons but there are benefits for both groups of road users such as 
improved availability. This is however outside the focus of this master thesis, and since 
the focus is about the traffic safety assessment these types of accidents are disregarded 
in the identification of conflicts both in the simulation model and in reality. 
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Furthermore, the TCT is designed so that only the interaction between two or more road 
users is taken into account when identifying conflicts. This results in that single-vehicle 
accidents are not considered in this master thesis. This also applies to conflicts between 
only pedestrians, this type of conflict is not considered to be a traffic safety risk and is 
usually not included in the TCT. Therefore also this type of conflicts will be excluded 
in this study.  

2.2 Alternative safety indicators 
In addition to the safety indicator used in the TCT, there are several other proximal 
safety indicators. Two examples are presented below. 

2.2.1 Time-To-Collision 
Time-To-Collision (TTC) is also a measure to describe the proximity of an accident 
and is very similar to the TA-value. The TTC is however based, according to Archer 
(2005), on an objective measure of speed and distance of the road users in relation to 
the projected impact point, which usually requires photometric video-analysis. 
Repeated calculations of the TTC measure are performed during the entire conflict 
event and the minimum TTC-value is recorded and used as the decisive value. In Figure 
3 the TTC-graph can be seen that describes the entire conflict period.  

 

Figure 3 - The whole TTC-graph, figure remodeled according to Hydén (1987) 

In the figure it can be seen that the TA-value is a part of the TTC measure and represents 
the TTC-value exactly when the evasive action starts and the TTC-graph changes 
declination. The minimum point of the graph represents the minimum TTC-value. After 
this, when one of the road users leaves the collision area, the TTC-value increases to 
infinity since there is no longer a collision course (Hydén, 1987).        

2.2.2 Post-Encroachment Time 
Post-Encroachment Time (PET) is a variant of the TTC measure. In this measure two 
road users have a crossing course which means that their planned routes overlap and 
therefore they will pass over a shared spatial zone. The road users are not on a collision 
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course since they will pass this zone at different times. The definition of the PET-value 
is the difference in time from when the first road user leaves the shared spatial zone to 
when the second road user enter the zone, see Figure 4 (Laureshyn, et al., 2010). 

 
Figure 4 –Definition of the PET-value. Figures remodeled according to Laureshyn et al. 

(2010) 

A difference between the PET-value and the TTC measure is that no distance or speed 
data is required when measuring the PET-value, which means easier handling 
associated with the data-extraction process, since no recalculation is needed. However, 
a measurement of the PET-value is not possible if the projected impact point changes, 
it requires a fixed projected impact point. Therefore, conflicts with similar trajectories, 
such as rear-end conflicts, are not possible to measure with the PET-value (Archer, 
2005).  
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3. Microscopic simulation  
Traffic simulation models are divided into different classes depending on the level of 
detail describing the traffic state, this is described in for example Olstam (2005). 
Generally, the three classes are Macroscopic, Mesoscopic and Microscopic. The 
macroscopic models uses a low level of detail, both when describing the traffic stream 
but also the interactions between road users and their surroundings. Aggregated 
variables are used to describe flow, speed and density instead of modelling individual 
vehicles. The microscopic models uses a high level of detail in the description of the 
traffic stream, and every vehicle is modeled individually as well as the interactions 
between road users and their surroundings. The movements and interactions of the road 
users are modeled with the help of sub-models for lane-changing, acceleration and gap 
acceptance etcetera. The mesoscopic models are somewhere in between the 
macroscopic and microscopic models where the traffic streams are modeled with a high 
level of detail as individual vehicles or packets of vehicles. The vehicles’ interactions 
are modeled with lower detail than in the microscopic models and are more like the 
macroscopic models where aggregated values are used.  

Archer and Kosonen (2000) indicated in their report the potential of using microscopic 
simulation for traffic safety assessment. Up to that date this kind of approach had 
seldom been used and one reason they bring up is the requirement of a high level of 
fidelity in the simulation. Especially a detailed modelling of driving behavior of the 
road users is required since an evaluation of the traffic safety needs a realistic 
representation with allowance of errors to occur. 

PTV Vissim is a microscopic, time discrete and behavior-based simulation tool 
developed by Planung Transport Verkehr AG (PTV). Vissim is used for modeling 
urban and rural traffic, public transports on rail and road, as well as pedestrian flows 
(PTV AG, 2014). Vissim is the chosen microscopic simulation software used in this 
master thesis since Vissim was used in the preparatory study by Sweco and an existing 
simulation model in Vissim is available for further development.  

In order to perform safety analyses in microscopic simulation models, accurate 
representations of the interaction behavior between different road users as well as their 
interactions with the environment are required. Also the variation in road user behavior 
and vehicle performance are highly important. There are some classes of sub-models, 
used in microscopic simulation, describing driving behaviors and according to Archer 
(2005) some of them are related to safety performance. These are described below. 

3.1 Car-following behavior 
Simulation models used for safety assessment needs to be well calibrated in the 
parameters concerning the car-following behavior (Archer, 2005). The car-following 
behavior concerns the behavior of one vehicle following another and therefore is the 
actions of the first car affecting the following cars’ actions, that is, a stimulus-response 
relationship (Lieberman & Rathi, 2001). According to Archer (2005), the stimulus 
response mechanism in most car-following models can be described as  �捗 = �(懸鎮 , 懸捗 , 嫌, 穴鎮 , 穴捗 , �捗 , ��)                                                 岫に岻 
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where �捗 represents the acceleration response of the following vehicle. The response 

depends on a function � that is based on various stimulus factors 懸鎮 , 懸捗 describing the 

speed of the leader and follower and  嫌 representing the distance between the vehicles. 穴鎮 , 穴捗 are the projected deceleration of the leader and the follower and �捗 is describing 

the follower’s reaction time and �� represents different additional factors.  

According to PTV AG (2104), the Car-following behavior in Vissim is modeled by to 
two different models, Wiedemann ’99 (Wiedemann, 1991), that is suitable to use when 
modeling freeway traffic without merging areas and Wiedemann ’74 (Wiedemann, 
1974) that is more suitable in models of urban traffic. The Car-following behavior is 
based on four different driving states, which are: Free driving where no influence of 
other vehicles can be observed. Approaching where the driver adapts his speed due to 
vehicles in front, Following where the driver follows another car without changing its 
own speed and Braking where the driver needs to break due to the distance to the 
preceding vehicle fall below the desired safety distance. 

3.2 Gap-acceptance behavior 
The interaction between vehicles can be described by spatial or temporal measurements 
of what is an accepted gap between each road user in different situations, that is, the 
gap-acceptance. The gap-acceptance behavior is critical for safety-related interaction 
behavior since inaccurate judgements of speed or distance in yielding situations can 
have serious consequences in reality. Often there are recommended values for critical 
time gaps at different types of roads and different speeds. However, the individual 
differences of the drivers makes it less representative to use fixed values of this 
parameter since the estimation of a “safe” gap can differ between drivers (Archer, 
2005). A model considering this is proposed by Pollatschek et al. (2002), where the 
decision model is probabilistic and the probability that � vehicles will enter a gap is 
described by 喧�岫糠岻. 喧�岫糠岻 = 結捲喧[−�建�直岫糠, 紅̄岻/紅̄] − 結捲喧[−岫� + な岻建�直岫糠, 紅̄岻/紅̄]                     岫ぬ岻 

In Equation 3, 建�直 describes a time gap, 糠 is the smallest gap accepted for a driver, 紅̄ 

describes the expected gap value from a stream of gaps and β represents the perceived 
average gap by an individual driver.  

In Vissim the gap-acceptance behavior is modeled by priority rules or conflict areas, 
described in section 3.7 Interaction between pedestrians and vehicles, which defines 
the behavior between different road users in yielding situations. 

3.3 Lane-changing behavior 
The lane-changing behavior is used to represent the behavior on roads with more than 
one parallel lane where there is a need of changing between them at speed, for example 
due to an off ramp at a highway, where this model is most commonly used. According 
to Archer (2005) lane-changing behavior is usually not considered in urban areas and 
single intersections. To model lane-changing behavior is difficult due to many factors 
such as: 

 Courtesy yielding 
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 The anticipation of gaps in traffic streams 
 The identification of thresholds when a driver will be triggered to change 

lane 
 It involves both car-following and gap-acceptance behavior 
 Interactions with other vehicles travelling both in-front and behind as well 

as vehicles on both sides. 

3.4 Speed 
There are other types of parameters affecting the safety performance of the microscopic 
simulation model as well, such as speeds (desired, actual, speed variance and 
compliancy). Desired speed is a behavioral attribute that often is assigned randomly to 
drivers from a distribution. The desired speed is the speed that the driver will travel at 
if no other road users, other obstacles or traffic regulations are restricting them. That is 
in free flow conditions. Archer (2005) claims that in simulation models aimed for traffic 
safety estimation the different measures of speed is a critical issue. This is since an 
increase of the average speed may increase the severity of accidents while an increase 
in speed variation may cause an increase in the number of safety critical events. 

How Vissim is handling desired speed is described in the following section according 
to PTV AG (2014). The desired speed is described by distribution functions defined 
independently of vehicle type or pedestrian type. Desired speed distributions can be 
used for example for vehicle and pedestrian compositions as well as in desired speed 
decisions and reduced speed zones. Pedestrians walking behavior are strongly 
connected to the desired speed distribution and for pedestrians there are special desired 
speed distributions in Viswalk adapted for pedestrians in different situations. For 
example there are speed distributions specified for pedestrians in buildings, at airports 
or at the top of long stairs. Also two desired speed distributions based on studies by 
Fruin are specified in Viswalk. The cumulative distribution functions have a lower 
bound of 2.11 km/h and an upper bound of 6.62 km/h, which corresponds to 
approximately 0.59 m/s and 1.84 m/s respectively.  

Desired speed decisions are used when a permanent change in desired speed is to be 
performed, for example when the speed limit is changed. With this the vehicle reduce 
or increase its speed once and then it is assigned a new desired speed distribution.  
Reduce speed areas can be used to modify the desired speed temporary and are mainly 
used in curves. The road user approaching the reduced speed area is automatically 
decelerating before they enter the reduced speed area to be able to enter it at the desired 
speed distribution specified for the area, different specification can be made for 
respective vehicle class. After the area the road user automatically accelerates to its 
original desired speed. In the reduce speed area properties a deceleration can be defined. 
This is the maximum deceleration that vehicles will decelerate with when approaching 
the area in order to have the specified desired speed in the area. The lower maximum 
deceleration value the further away from the area the vehicles has to start to decelerate.  

3.5 Microscopic simulation of pedestrians 
This section describes microscopic simulation of pedestrians and are based on 
Johansson (2013). Since walking is a basic mode of transport, it is an essential part of 
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the transport system and should therefore be treated in that way when studying different 
traffic situations. When analyzing and planning vehicular traffic the use of traffic 
simulation as a tool is common in order to get a quantitative description of the system 
performance. In this case it is important since the need of an efficient system is essential 
in several aspects such as monetary, environmental and time. These aspect does not 
concern the pedestrian traffic in the same way and therefore the use of simulation of 
pedestrian traffic is not well established. In order to prevent these aspects, for example 
reducing costs and the impact on the environment, the infrastructure needs to be 
adapted to permit good alternatives to driving by car. However, it is not likely to be 
able to replace trips made by car with walking or biking, but an alternative to those 
kinds of trips could be the use of public transports. In connection to almost every public 
transport trip there is a trip by foot, regardless if it is to or from the station or in between 
two transport modes. In order to make the more environmental friendly alternatives 
attractive, such as public transports, the parts where walking is included needs to be 
comfortable and efficient to use, which makes the need of simulation tools for 
pedestrians important. 

When simulating pedestrians it is suitable to use a microscopic simulation tool since it 
gives a high level of detail which makes it easier to represent the diversity of the 
individual pedestrians. The movement of a pedestrian depends on the movements of 
the surrounding pedestrians and infrastructural obstacles, which can cause behaviors 
that needs to be modeled in a detailed level, for example narrow passages with enough 
space only for one pedestrian to pass at a time. This could not be captured in the same 
level of detail in for example a macroscopic model where the pedestrians are modelled 
as a flow of mean values. 

3.5.1 Simulation software PTV Viswalk 
PTV Viswalk is an add-on for PTV Vissim and can be used separately from Vissim to 
simulate pedestrians only or in combination with Vissim to simulate pedestrian together 
with vehicular traffic. The model for movement of pedestrians in Viswalk is based on 
the Social Force Model developed by Helbing and Molnár (1995), which according to 
PTV AG (2014) produces realistic and reliable human behavior in the simulations. 
According to Friis and Svensson (2013), the main difference of pedestrian modelling 
between Vissim and Viswalk is that Vissim focuses on the vehicles. Generally Vissim 
uses the pedestrians as interruptions for the vehicle traffic in order to make it realistic, 
for example when passing pedestrian crossings. However, Viswalk models the 
pedestrians’ in a more individual way which captures their interactions in detail.  

Viswalk is usually used for modelling situations where the pedestrian behavior is 
important such as in pure pedestrian flows, for example queues or public transport 
terminals. Kim et.al (2013) have studied the queueing behavior in a cinema where a 
single queue to multiple ticket booths was modelled in Viswalk. Analysis was made by 
studying waiting time, travel time and queue length when the number of available 
booths and the pedestrian flows were varying.  Blomstrand Martén and Henningsson 
(2014) made a study where evacuation situations from a building were simulated in 
Viswalk. It was studied how well Viswalk could represent pre-evacuation time, 
movement and navigation, exit usage, route availability and flow constraints. The 
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conclusion of the studies mentioned was that Viswalk is able to reproduce pedestrian 
movements with accurate settings for the given situation.  

Viswalk is used as well when modelling shared space areas. CH2M (2015) introduced 
a new approach to this by representing the vehicles by closely-packed area-based 
pedestrians. This was done in order to be able to model the interaction behavior in a 
high level of detail.  

Another example of a study with different traffic modes where simulations were done 
in a more traditional way, with Viswalk together with Vissim, was in the city of 
Strasbourg. The studied area was a big signal controlled intersection close to the central 
station where several public transport lines passed by, together with large pedestrian 
flows and vehicular traffic. The aim of the study was to improve the possibility for 
pedestrians to cross the area without any negative impact on the vehicular traffic flow 
(Laugel & Reutenauer, 2011).    

In Copenhagen the vision of being the world’s most cycle friendly city have been 
evaluated with the help of Vissim and Viswalk simulation. The aim was to decrease the 
travel times on the cycle paths in the city and the simulation model were built to 
represent the behavior of cyclists in peak hour traffic (PTV AG, no date). Cyclists are 
often included in situations where they have to interact with either vehicles or 
pedestrians and in order to get a correct representation of this, the behavior of all 
different road users needed to be considered in the simulation model (COWI, 2013).  

3.5.2 The Social Force Model 
The Social Force Model (SFM) in Viswalk is, according to PTV (2014), based on the 
principle of modeling the elementary forces for motion similar to the Newtonian 
mechanics. There is a total force based on social, psychological and physical forces 
which results in an acceleration for the pedestrian. These forces are dependent on the 
pedestrians’ desire to reach its destination and can be affected of other pedestrians or 
obstacles. 

According to Helbing and Molnár (1995), a pedestrian that moves in areas that he or 
she is familiar with, has an automatic way to handle the situation. These automatic 
reactions are determined by the pedestrians’ experience of what is an appropriate 
reaction in this kind of situation. Therefore, it is possible to model the behavior in these 
situations by identifying rules from the automatic reactions and set them into an 
equation of motion. In this equation the stepwise changes of the pedestrians’ desired 
velocity are described by a vectorial quantity that can be interpreted as a social force. 
When the desired velocity is changed the social force represents which effect the 
environment had on the behavior of the pedestrian, which is not really a force but a 
quantity describing the concrete motivation to act. 

The following section is based on Helbring and Molnar (1995). The social force can be 
described by a sum of five different parts; acceleration force, interaction force, obstacle 
force, attraction force and fluctuation force, as shown in Equation 4.  � =  �銚頂頂 +  ��津痛 +  �墜長鎚痛 +  �銚痛痛追 +  �捗鎮通頂痛                                  岫ね岻 
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The first part is an acceleration force describing the pedestrians’ desired destination 
and speed, that is, his or her desire to reach the destination. The acceleration force is 
given by 

�⃗底待岫懸⃗底, 懸⃗底待結⃗底岻 = な�底  岫懸⃗底待結⃗底 − 懸⃗底岻,                                               岫の岻 

where 懸⃗底 is the actual velocity of the pedestrian and 懸⃗底待結⃗底 is the desired velocity in 
direction 結⃗底 . �底  is the relaxation time describing the process when the pedestrian 
attempts to adapt to the desired velocity from the current actual velocity.   

The interaction with other persons and obstacles is affecting the pedestrians’ desired 
speed and route. The first effect is from other persons which is based on the human 
behavior that it is uncomfortable to be too close to unknown persons, which is shown 
in the decreasing function  血⃗底庭(堅⃗底庭) = −稿追⃗琶破撃底庭                                                      岫は岻 

where 撃底庭 represents a repulsive potential that keeps the pedestrian at a comfortable 

distance from other persons. 堅⃗底庭 is equal to  堅⃗底 − 堅⃗庭, where 堅⃗底 is the actual position of 

pedestrian α.  

The second effect from interactions is from solid obstacles which can be described 
similar to the effect from other persons, where the pedestrian gets more uncomfortable 
the closer the obstacle he or she has to walk, which can be described as  血⃗底�岫堅⃗底�岻 = −稿追⃗琶�戟底�岫‖堅⃗底�‖岻.                                            岫ば岻 

In Equation 7 a repulsive potential is described by 戟底�岫‖堅⃗底�‖岻 where 堅⃗底� =  堅⃗底 −  堅⃗�底 
is introduced, 堅⃗�底 describes the location of the obstacle B that is nearest to pedestrian α.  

The attraction force 血⃗底�, describes the behavior of pedestrians attracted to other persons 
or obstacles, for example friends or window displays. It is the attraction force that 
makes the pedestrians to form groups and this force can be described as 血⃗底�岫‖堅⃗底�‖, 建岻 = −稿追⃗琶�激底�岫‖堅⃗底�‖, 建岻.                                           岫ぱ岻 

This attraction force is depending on the time t since the interest is normally decreasing 
with time. In Equation 8 激底�岫‖堅⃗底�‖, 建岻  represents attractive monotonic increasing 
potentials where 堅⃗底� =  堅⃗底 − 堅⃗�  and 堅⃗�  is the place with the attractive person. 
Pedestrians are usually more attentive to what is happening in front of them and not 
behind their backs and this is implemented in the model by the use of weights, which 
are included in the attraction and repulsive forces. 

The fluctuation term is added to describe the random variance between different 
pedestrians’ behavior, for example the behavioral differences between equal 
alternatives such as the utility of passing an obstacle on either the right or the left side 
of it.  
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All of these forces can, as in Equation 4, be summarized to represent the pedestrians’ 
total motivation to move, which is the SFM �⃗底岫建岻. �⃗底岫建岻 = �⃗底待岫懸⃗底, 懸⃗底待結⃗底岻 + 血⃗底庭(堅⃗底庭) + 血⃗底�岫堅⃗底�岻 + 血⃗底�岫‖堅⃗底�‖, 建岻 + 血�憲潔建憲�建�剣券嫌   岫ひ岻 
3.5.3 Pedestrian behavior in Viswalk 
Hoogendoorn and Bovy (2004) claims that a main assumption in pedestrian behavior 
theory is that all actions of the pedestrian will provide utility, and he or she will predict 
and optimize this expected utility when making decisions. These actions are based on 
choices which can be divided into three levels: strategic, tactical and operational. 

According to PTV AG (2014), the operational level and parts of the tactical level in 
Viswalk are controlled by the SFM, while the strategical level is based on settings 
decided from the user. The different levels can be described as follows: 

 The strategical level contains planning routes which generates a list of 
destinations. This happens within the timeframe of minutes to hours. 

 The tactical level is within the timeframe of seconds to minutes and is when 
the pedestrian chooses route to its destination. 

 The operational level is where the pedestrian actually moves and has to 
avoid other pedestrians, moves through a crowd or simply continues 
towards the destination. These decisions and actions are performed within 
the timeframe of milliseconds to seconds. 

There are many parameters that can be adjusted in Vissim and Viswalk in order to 
produce a desired behavior of the model. The parameters connected to pedestrian 
simulation are described here based on the Vissim user manual (PTV AG, 2014). There 
are two types of parameters that are related to the SFM; parameters by pedestrian types 
and global parameters. The parameters related to pedestrian types are only affecting the 
defined pedestrian type and are specified in the walking behavior section in Viswalk.  

 Tau (τ) corresponds to the same tau as in Equation 5, describing the 
acceleration force in the SFM. This means that it represents a delay describing 
the response time for a pedestrian to adapt to its desired velocity. Tau, the 
desired speed and direction together with the current speed and direction 
affects the acceleration force. If tau decreases the acceleration force increases.  

 Lambda mean (�陳勅銚津岻  consider that events that are happening behind a 
pedestrian does not affect him or her as much as what is happening in his field 
of view. Lambda mean represents the weight associated with the attraction and 
repulsive forces described in the previous chapter. Lambda can vary between 
0 and 1, a low value indicates that the pedestrians only is affected by other 
pedestrians if they are located in front of him (Johansson, 2013).  

 A soc isotropic 岫畦鎚�岻  and B soc isotropic 岫稽鎚�岻 , together with lambda, 
determines the distance d between two pedestrians, which is connected to one 
of the two forces that forms the repulsive force described in Equation 6. This 
part of the repulsive force can be described as � =  畦鎚� · 拳岫�陳勅銚津岻 ∗ 券 ∗ 結− 鳥���                            岫など岻 
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where n is a unit vector pointing from one pedestrian to the other and 拳岫�陳勅銚津岻 makes the force dependent of a direction (Lagervall & Samuelsson, 
2014).  

 A soc mean and B soc mean defines strength (A) and range (B) of the Social 
Force Model between pedestrians. These parameters, together with the 
parameter VD, are describing the case when the relative velocity between the 
pedestrians is considered as well (when VD>0). These parameters are 
connected to the second force that forms the repulsive force, which is described 
as � =  { 畦 · 券 · 結−鳥� �血 ど <  � < なぱど°ど 剣建ℎ結堅拳�嫌結                         岫なな岻 
 
where 0 < θ < 180° describes that the influencing pedestrian is in front of the 
one being influenced, that is within his or her field of view. If VD = 0, d does 
correspond to the distance between the two pedestrians and if VD > 0 is d 
generalized and replaced by 
 穴直勅津 = ど.の · √岫岫穴 + |穴 − 岫懸怠 − 懸待岻 · 撃�|岻態 − |岫懸怠 − 懸待岻 · 撃�|態岻     岫なに岻 
 
where 懸待 and 懸怠 are the velocity of the influenced and influencing pedestrian, 
respectively.  

 The parameter noise represents the strength of the fluctuation term �捗鎮通頂痛 in the 

SFM and is added if the pedestrians’ current speed is below the desired speed 
for a certain time. For example if the pedestrians are stuck in congestion and 
cannot move, someone has to deviate from its desired direction in order to be 
able to let others pass and thereby make the flow move again. This is possible 
if the noise > 0.  

 React to n is describing how many of the closest surrounding pedestrians that 
will influence each pedestrians’ behavior and thereby will be included in the 
calculations of the total force in the SFM. 

 Queue order and Queue straightness are parameters describing the shape of 
queues, the greater the value of the parameters, the straighter the queues in the 
model will be. The range of these parameters is 0 to 1.  

 Side preference is a parameter describing the pedestrians’ preferred side to pass 
each other, where -1 corresponds to the right side and 1 corresponds to the left 
side. 0 is set if the behavior is desired to be uncontrolled. 

The global parameters are affecting all pedestrian types and are specified in the 
pedestrian behavior setting for the entire network in Viswalk. 

 Routing obstacle dist is a parameter used when calculating routes of the static 
potential which defines the preferred distance to walls and other obstacles at 
the route. This parameter makes the routes close to obstacles less attractive than 
ones at big areas.  

 Routing cell size defines the distance between control points which is used for 
calculation of distances from an origin to a destination.  
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 Never walk back is a parameter describing if a pedestrian should stop or not if 
the difference between the desired direction and the direction of movement is 
bigger than 90°. If the parameter is set to 1 it is activated and if it is set to 0 the 
parameter is not considered in the model.  

 Grid size defines how the pedestrians are affecting each other, within a certain 
defined distance. The pedestrians are stored in a grid with the size defined in 
this parameter, and each pedestrian is only interacting with pedestrians within 
the same or an adjacent cell.  

3.6 Interaction between pedestrians and vehicles 
The interaction between vehicles and pedestrians in Vissim is well studied, for example 
in Rouphail et al. (2002) where alternative behavioral and design interventions for 
improving the ability of blind pedestrians at street crossings and intersections were 
studied in simulation models. Two softwares for microscopic simulation were 
evaluated, Vissim and Paramics, and finally Vissim was chosen as the tool for the 
simulations in the study. Detailed behavioral parameters concerning gap-acceptance 
were modeled and tested since differences between blind and sighted pedestrians were 
compared. The effect of these parameters, together with the traffic volume, on 
pedestrian and vehicle delay were analyzed. The critical gap parameter in Vissim is 
part of the priority rules that handles the interaction between different road users such 
as pedestrians and vehicles in this case.  

Also Ishaque and Noland (2007) have studied interactions between vehicles and 
pedestrians in Vissim in order to examine trade-offs in delays and travel times between 
vehicles and pedestrians when trying to minimize travel times and monetary costs that 
comes with travel delays. This is studied because it is not justifiable to only consider 
vehicular traffic when trying to reduce delays in urban areas, in the same way as it is at 
motorways and rural roads. A hypothetical urban network was used for the analysis and 
the traffic flows consisted of different vehicle classes and pedestrians. The simulated 
network and traffic situation were similar to the intersection studied in this master 
thesis.  

These studies shows that Vissim appears to handle the interaction between vehicles and 
pedestrians well. The studies in Rouphail et al. (2002) as well as in Ishaque and Noland 
(2007) implies the importance of modeling the pedestrian behavior in a detailed level 
in order to get a realistic interaction behavior, which should be further refined if using 
Viswalk in combination with Vissim. This is because of the modeling method used 
where the different types of road users are modeled on different links and their 
interaction is modeled by the use of priority rules, conflict areas and traffic signals in 
order to be able to give priority to one of the groups of road users. These modeling 
methods are described in the following sections based on the Vissim user manual, PTV 
AG (2014). 

The priority rules are modeled by using stop lines together with conflict markers, see 
Figure 5, where the road user that approaches a stop line cannot pass it and continue if 
there is another road user within a certain distance from the associated conflict marker. 
This distance can be defined by the user either as a headway between the conflict 
marker and the next road user that approaches the area where someone is waiting at a 
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stop line, or as a minimum time gap where the time between the conflict marker and 
the next approaching road user is measured. The different settings for headway and 
time gap can be used simultaneously, which implies that all conditions needs to be 
satisfied before the road user waiting at a stop line can approach the area. Depending 
on the situation either the headway or time gap is more important. Generally when 
modeling situations that includes normal traffic flows or road users in a secondary flow 
that are about to enter a priority flow, the time gap is used. When modeling a situation 
where it is important to know if a road user already has entered a certain area, the 
headway is used, as well as in situations where there is congestion. An example how 
the priority rules are modeled is shown in Figure 5. 

 

Figure 5– Example of priority rule modeling 

The conflict areas are modeled where different traffic flows are crossing each other 
from different directions and either direction have the right of way or must give the 
right of way, as shown in Figure 6.  

 

Figure 6 - Example of conflict area modeling 

The right of way rule, in combination with the current and desired speed of the road 
users, is taken into consideration when deciding if it is possible to enter the conflict 
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areas. The yielding road user conciders the road users in the other direction and decides 
whether it is possible to enter or not, depending on their speeds. If desired, it is possible 
to define a stop line where the yielding road user has to wait, otherwise it stops 
immediately before the conflict area. 

Traffic signals are one of the most common alternatives for separating pedestrians and 
cyclists from motorized traffic in Vissim. Signal heads are placed at each direction of 
a link and signal groups are used to synchronize the different phases at different signal 
heads. The distance from the signal head at which the road users have to stop at red 
signal can be defined by the user in the settings depending on the desired behavior in 
the specific situation. For example if there is a need for a separate area for cyclists to 
wait at in front of the vehicles at an intersection.  

In the mentioned methods for handling the interaction between pedestrians and 
vehicular traffic (priority rules, conflict areas and traffic signals) there are possible to 
define which classes of road users that should be included in the yielding situation (PTV 
AG, 2014). Different road users only consider each other if they are traveling on the 
same link, the only way to model the interaction between road users at different links 
are by these methods for handling interaction. 
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4. Identifying conflicts in simulation model 
According to Shahdah et al. (2015), the most common approach to assess safety 
performance is to use reported accident history. However, the use of microscopic 
simulation for estimating surrogate measures of safety performance has recently been 
more and more used instead. With this method, the safety performance measured by 
conflicts is a commonly used approach. 

In Shahdah et al. (2015), conflicts were simulated in intersections and a relationship 
between the simulated conflicts and accidents observed in reality were obtained. The 
Vissim software was used for the simulations. The results indicated that the use of 
microscopic simulation is suitable when evaluating the effectiveness of 
countermeasures for improved traffic safety. Depending on the threshold that defined 
the conflict due to the TTC measure, the consistency of the results from the conflict-
based and the accident-based evaluations were varying. An advantage with the 
simulated traffic conflict approach was that the countermeasure effects could be 
estimated even if the accident sample was too small. 

To be able to perform a traffic safety assessment in simulation models a method to 
identifying conflicts needs to be established. Research has identified three different 
methods that are presented in the following chapter.  

4.1 Surrogate Safety Assessment Model 
A method to combine microsimulation and traffic safety assessment has been 
developed by Siemens on the initiative of the US Federal Highway Association, and 
the description of the method in this section is based on FHWA (2008) if nothing else 
is mentioned. The method consist of a software tool called Surrogate Safety 
Assessment Model (SSAM) that was developed to perform a more automated conflict 
analysis and an alternative to historical accident data as evaluation. Also the possibility 
to be able to assess the traffic safety in road designs that have yet to be built was an 
incentive for the project to develop the software. Surrogate safety measures implies 
measures other than actual accident data and the most widespread literature on the 
subject is about observing traffic conflicts. 

The software SSAM is developed to identify conflicts, which has occurred during the 
simulation, from simulation data output and it works with different simulation models, 
including PTV Vissim. The simulation output is a special file used only as input to the 
SSAM software and is in form of vehicle trajectories from the vehicles driving through 
for example an intersection during the simulation time. With help of these trajectories 
SSAM analyzes the interaction between the vehicles and defines if the interaction meet 
the conditions to be considered as a conflict. In the first version of the software only 
interactions between pairs of vehicles was considered, interactions including pedestrian 
and cyclist were excluded.  

In the latest version of SSAM (version 2.1.6) however, conflicts between vehicle and 
pedestrian as well as pairs of pedestrians can be identified (FHWA, 2010). No 
validation regarding these types of conflicts have been made though. In the trajectory 
file, no entity type is extracted which results in no possibility to identify which entity 
types that are involved in the conflicts, that is, it is not possible to know whether it was 
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a car or a pedestrian involved in the conflict. According to PTV (2014), the output from 
the simulation in form of the trajectory file consist of descriptions of the vehicles 
courses through the network.  

In SSAM two different measures of safety is used to distinguish if the interactions 
between the road users are sorted as conflicts: TTC and PET. Default threshold values 
for these measures is provided by the SSAM but can be overridden by the user of the 
software. The default value for TTC is set to 1.5 seconds, which corresponds to 
previous research in the area, and the default PET-value is attributed to research by 
Hydén (1987). The SSAM considers three different types of simulated conflicts: rear-
end, lane-changing and crossing conflicts. 

Huang et.al (2012) have investigated if it was possible to improve the consistency 
between the simulated and field-measured conflicts, by a well calibrated Vissim 
simulation model and a change in the predetermined thresholds in SSAM. A two-stage 
calibration procedure was used in the study, where they focused on calibrating different 
parameters in two separate steps. They also addressed some problems concerning that 
the vehicle trajectories used in SSAM cannot really reflect the complex driver behavior 
as in the real world. Therefore extensive calibration is needed to be able to reflect the 
driver behavior as realistic as possible. Especially in more complex driving 
environments such as a signalized intersection. Huang et.al (2012) chose to study only 
intersections with a limited number of pedestrians and cyclists and also required the 
area around the intersections to have no on-street parking and no bus stops. 

4.2 Raw data output 
During simulation, of for example an intersection in Vissim, it is possible to record data 
related to each individual road user. This recorded data is possible to write to file and 
this raw data file is generated for each simulation run and can be open in for example 
MS Excel. Each row of data is associated with an individual vehicle or pedestrian at 
each simulated time step. In this output file the user is free to choose attributes from a 
list of what is to be recorded. Some examples of attributes are: simulation time, link 
number, vehicle number, vehicle type, speed, acceleration, link coordinates. This 
output file is not the same output file as used in SSAM, this one is easier to adapt to 
certain preferences and different fields of application. 

According to Archer (2005), this raw data file can be processed to analyze the road 
users’ behavior and to be able to derive the necessary proximal safety indicators to 
identify conflicts. In Archer (2005) the pedestrians and cyclist was excluded from the 
analysis of conflicts. This method to analyze simulation output in form of raw data will 
result in a large volume of data which requires an external program to be able to process 
all data. 

4.3 Visual assessment  
In Vissim, according to PTV AG (2014), it is possible to save recordings of a 
simulation, both in AVI-files and ANI-files. These file types make it possible to 
visualize entire simulations or parts of them in an easy way. The AVI-files are possible 
to replay with an external media player and the animation recording (saved as ANI-
files) can replay the simulation in the Vissim software. The recordings can be done 
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from different camera positions and the user settings are specific, which gives 
opportunities to record from almost any desired view.  

The opportunity to be able to record the simulations done in Vissim makes it possible 
to use the method of the TCT in order to identify conflicts in the microscopic simulation 
model. This is because of the similarities between video recordings from a traffic 
conflict observation in reality and the ones from the microscopic simulation model. The 
part of the TCT when the conflicting road users’ speeds are to be estimated can be 
difficult in a microscopic simulation since the judgement of distances is not too easy in 
a modeling environment. This problem can be solved because of the advantage that 
there always is possible to extract exact speeds and positions etcetera from the 
simulation model. 

4.4 Previous work regarding parameters and 
calibration 
In order to test if the consistency between simulated and field-measured conflicts could 
be improved by a two-stage calibration process, Huang et al. (2012) developed a 
simulation model in Vissim. The simulation model used the Wiedemann 74 model as 
car-following model since this is recommended for urban traffic. Priority rules and 
reduced speed areas were added in the model to get a more accurate driving behavior 
and the signal control strategy was based on field measures.  

The first stage of calibration included performance measures such as traffic volume, 
speed and headways. The most important parameters to calibrate for the distribution of 
headways was found to be the three adjustable parameters in the car-following model. 
These parameters are: the desired safety distance between stopped cars and the additive 
and multiplicative parts of the desired safety distance.  

In the second stage of the calibration were parameters in both Vissim and SSAM 
adjusted to reproduce simulated conflicts as close to observed conflicts as possible. For 
rear-end conflicts it was found that an adjustment in the threshold value for TTC in 
SSAM had the most impact. A threshold value of 1.6 seconds instead of the default 
value of 1.5 seconds gave the best goodness-of-fit between simulated and field 
measured rear-end conflicts. 

For crossing conflicts it was instead the minimum gap time in Vissim that was found 
to affect the number of simulated conflicts the most. The default value of 3 seconds 
was decreased to 2 seconds for the minimum gap time to give the best goodness-of-fit 
between simulated and field measured crossing conflicts. According to Huang et al. 
(2012), the third category of conflict, lane-changing conflicts, was hard to identify in 
the simulation model. The field observed lane-changing conflicts originated most often 
from sudden lane changes that violated the traffic regulations which is hard to capture 
in the simulation model. 

The objective in Essa and Sayed (2015) study was an investigation of the transferability 
of calibrated parameters in Vissim between two different locations (signalized 
intersections). The calibration procedure was done with respect to safety assessment. 
The parameters were calibrated in the first intersection using a two-step calibration 
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procedure where the first step included to match and optimize the average delay times 
in the simulation with the average delay times observed in field. The second step was 
to enhance the correlation between simulated conflicts and conflicts observed in field 
by calibrating driver behavior parameters in Vissim that were considered having the 
biggest effect on the simulated conflicts. The conflicts were identified using TTC 
measures both in the field and the simulation. The calibrated parameter values were 
transferred to the second intersection where the correlation between field-measured and 
simulated conflicts was estimated 

The results in Essa and Sayed (2015) showed that if using the two-step calibration 
method the parameters for headway time and desired deceleration were directly 
transferable and the parameters standstill distance, reduction factor for safety distance 
closed to stop line and start upstream of stop line were transferable to some degree. 
One parameter that was tested was found not to be transferable and needed to be 
recalibrated in the new location. This parameter was negative and positive following 
thresholds for speed. In this study the result indicated that not all parameters were 
needed to be recalibrated when transferring to another similar location, which can 
reduce the time for the entire calibration process. 

In Cunto et al. (2008) a systematic calibration procedure for microscopic simulation 
models that takes safety performance measures into account was presented. The safety 
performance measure used was a crash potential index, CPI, which was described by a 
relation between the deceleration rate required to avoid a crash and the vehicle braking 
capabilities. The calibration procedure consisted of four steps: first, a heuristic selection 
of initial input to the model was performed. The second step was to perform a statistical 
screening in order to find which parameters that were actually affecting the CPI. The 
third step was to find the relationship between the input parameters and the CPI. The 
fourth step included the application of a genetic algorithm that obtained the best 
estimate model parameters. 

The first step in the calibration procedure presented in Cunto et al. (2008) resulted in 
that six parameters were found to be statistically significant at the 5% level, and thereby 
were they assumed to affect the safety performance in the model. These parameters 
were desired speed, desired deceleration, standstill distance, headway time, following 
variation and maximum deceleration for cooperative braking. The obtained linear 
expression between the input parameters and the CPI included only three parameters: 
desired deceleration, standstill distance and headway time as well as combinations of 
them 

Lima Azevedo et al. (2015) have studied the calibration process of microscopic 
simulation models for safety analysis. Over a hundred parameters were tested and 
sensitivity analyses indicated that only a few of them were relevant for the safety 
assessment in the model. These parameters covered the reaction time, headway 
threshold and desired speed. Also the car-following parameters acceleration, 
deceleration, speed  and gap- and speed differences were relevant as well as the 
parameter of the current lane utility, one-lane-change-required to exit and distance-to-
exit.  
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4.5 Shortages of state of art 
The research area of microscopic simulation in combination with traffic safety 
assessment has been studied by several authors. The most common approach to identify 
conflicts in a simulation model is to use the software SSAM. This method, however, is 
using TTC and PET as evaluation measurements and are therefore not possible to use 
in comparison with the TCT in field studies, since this is using the TA-value. In this 
master thesis the traffic safety assessment is based on the TA-value in both the 
simulation model and in reality which will give the opportunity to compare if these two 
methods gives the same result. 

Archer (2005) has performed a comparison between the traffic safety assessment based 
on the TA-value in a microscopic simulation model and the traffic safety assessment 
by the use of TCT, but excluded pedestrians and cyclist from this study. This master 
thesis have however focused on the traffic safety assessment involving pedestrians and 
with the add-on module Viswalk the walking behavior is simulated more complex.  

Furthermore, previous literature has not had the opportunity to perform a traffic safety 
assessment of a future scenario in a simulation model and have the possibility to 
evaluate if the model is accurate compared to the reality. In this master thesis it will, 
however, be possible to validate the results from the model since the intersection 
already is rebuilt and therefore can be studied.  
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5. Description of case 
This chapter covers the description of the case chosen for this master thesis, the 
intersection of S:t Eriksgatan-Fleminggatan in the city center of Stockholm. Details of 
the previous design of the intersection with a description of the geometry and the 
problems experienced will be presented, as well as the changes in geometry and traffic 
rules to the present design.  

5.1 Previous design of intersection 
The intersection of S:t Eriksgatan - Fleminggatan was previously an accident-prone 
intersection with many types of accidents represented. In 2011 measures were 
investigated to improve traffic safety since the intersection was considered congested 
and confusing, which contributed to a low level of traffic safety. A preparatory study 
on this was carried out by Sweco (on behalf of City of Stockholm) (Archer, et al., 2012), 
where an investigation of the intersection were performed through traffic 
measurements, a conflict observation study and accident analysis. The conflict 
observation study was performed with the Traffic Conflict Technique developed by 
Hydén (1987). The location of the intersection is shown in Figure 7. 

 

Figure 7 - Map showing the location of the studied intersection (Google, 2016) 

To investigate the impacts on the capacity and the accessibility of the proposed actions, 
simulation models were built in the preparatory study representing these different 
alternatives along with a model describing the base scenario. These models were built 
in the microscopic simulation tool PTV Vissim. 

The intersection was later rebuilt in order to improve the problem areas. This was done 
recently, during 2014 and 2015, hence the effects of the reconstruction have not yet 
been studied to any significant extent, but the general perception is that the purpose has 
been achieved.  



27 
 

Furthermore, except from the capacity and the accessibility, one more problem and 
reason for the reconstruction of the intersection was the traffic safety aspect which 
therefore would be interesting to examine further. Since there is a conflict observation 
study in the preparatory study, it is now possible to examine if some improvements of 
traffic safety can be distinguished after the reconstruction and if these improvements 
can be seen in the microscopic simulation model. 

The geometries for the intersection can be seen in Figure 8 with the number of lanes 
clearly visible. The area was a space shared by motorized vehicular traffic at transit 
routes, several bus lines, cycle routes and a lot of pedestrians. Immediately before the 
intersection, at all four legs, there were waiting areas for cyclists in front of all lanes 
for vehicular traffic. For cyclists travelling to the south at S:t Eriksgatan, there was a 
small lane to the right. The same was applied in the opposite direction where cyclists 
travelling straight forward through the intersection had a lane separated from other road 
users. At the end of the cycle lane, when entering the north leg, was a bus stop where 
the cyclists risked to have to turn out into the lanes with motorized traffic. 

 

Figure 8 – The previous design of the intersection. (Archer, et al., 2012) 

Bus stops where located immediately after, or close to, the intersection at all four legs 
of the junction. The lane was wide enough for other vehicles to pass when a bus was 
standing still at the bus stop. Left turns were banned for vehicles approaching the 
intersection from the west.  

The traffic signals in the intersection were set to let north-south respective east-west 
traffic pass in separate stages, which required the left turning traffic to yield for the 
oncoming traffic. Both left and right turning traffic yield for pedestrians at the 
pedestrian crossings. The traffic signals were coordinated with other adjacent 
intersections and pedestrian crossings along S:t Eriksgatan. Busses were prioritized 
from all directions in the intersection since three of the main bus lines passed through. 
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In addition, there were a lot of pedestrians in the area due to a metro station and a 
shopping mall being located adjacent to the intersection.    

The preparatory study (Archer, 2011) indicated that many of the conflicting situations 
that occurred involved left turning vehicles and there were a lot of problems where 
buses, in particular, got caught in the intersection and had nowhere to move due to the 
congestion. It could also be seen that the signal setting was not adapted to the amount 
of traffic in the area and congestion and blockages were particularly frequent during 
peak hour traffic. 

5.2 Present design of intersection 
The intersection of St. Eriksgatan–Fleminggatan has been rebuilt since the preparatory 
study and the reconstruction was completed in the end of May 2015. In order to develop 
a new simulation model representing the present design of the intersection, the new 
geometry has been studied firsthand and from layouts received from the city of 
Stockholm. The geometries for the present design of the intersection can be seen in 
Figure 9.  

 

Figure 9 - The present design of the intersection 

The main difference from the previous design regarding the traffic rules was that left 
turns were prohibited from all directions for all vehicle types, except for buses. Also 
right turning from the west approach was prohibited for all vehicle types except buses. 
The right lane was transformed to a bus lane and therefore right turns could not be 
performed without risk for conflicts between right turning vehicles and buses driving 
straight ahead. In relation to these changes a nearby street was opened for two-way 
traffic instead of one-way to facilitate traffic diversion. 
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The pedestrian crossings in the intersection were extended. The crossings were 
widened, from 3.5 to 6 meters (7 meters at the north approach at S:t Eriksgatan) to 
improve the movement of pedestrians. This resulted in that some traffic islands were 
moved and curbs were modified in order to give more space to pedestrians at the 
pavement.  

Some improvements were also performed for cyclist in the intersection. The lane for 
cyclists at the south approach was widened and moved to the left side of the right 
turning lane to reduce the risk of accidents between right turning vehicles and cyclists. 
Also the lane for cyclists in the east approach, in the direction away from the 
intersection, was widened. A new lane for cyclists were added at the north approach in 
both directions. The waiting area for cyclists in front of motorized vehicles were 
increased at all approaches, 5 meters from the front signal to the back signal instead of 
4 meters as before. For left turning cyclist from the north and the west approach new 
waiting areas were introduced. For the cyclist turning left from the north approach a 
waiting area in the south-west corner was made and from the west approach the cyclists 
could wait in the south-east corner. This enables the cyclists to drive straight ahead 
when the north and west approach respectively have green signal and then wait in the 
waiting area for a green signal. 

Additional bus lanes were added to improve the movement for public transport. At the 
west approach the right turning lane was converted to a bus lane and at the south 
approach a bus lane was added to the left of the cycle lane. No changes were made for 
the north and east approach. The differences is that line 49 was replaced by bus lines, 
53 and 56. This avoided buses needing to perform left turns in the intersection and 
thereby risk of blocking the intersection for other road users was minimized. The time 
tables for all bus lines were verified against SL’s webpage.  

5.2.1 Traffic counts 
In order to test the importance of a correct traffic flow in the simulation model to predict 
the traffic safety level in an intersection with new design, the traffic flow at Monday 
the 2nd of May 2016 was studied. Recordings from this day were used to count the 
number of left and right turnings, as well as the straight forward travelling vehicles 
from each approach. This was made for private cars, heavy goods vehicles and cyclist 
respectively. The largest traffic flow was from the south approach. Also the pedestrian 
crossings were studied through the recordings to establish the pedestrian flow in each 
direction at each pedestrian crossing. The largest pedestrian flow was at the pedestrian 
crossing at the west approach. 

Some inaccuracies can occur in the numbers due to blockings of the cameras during 
some period of times, which made it impossible to determine the exact number of 
vehicles or pedestrians passing. These traffic flow numbers were used in an additional 
Vissim model to compare the results from the traffic safety assessment in the model for 
two different flow levels. The exact numbers for the turning proportion can be seen in 
Appendix B.  



30 
 

6. Simulation models 
Microscopic simulation models of the two different designs of the intersection have 
been developed in Vissim. A simulation model for the previous design was available 
from the preparatory study but the main focus in this model was on motorized vehicles 
and not pedestrians and cyclists. Therefore was a Viswalk module required to be added. 
In this chapter the process of adding Viswalk to the existing model and the recalibration 
of the simulation model will be described. Also the further development of the 
simulation model for the present design will be presented. 

6.1 Adding Viswalk 
The existing simulation model was developed in Vissim during the preparatory study 
by Sweco and represented the intersection of S:t Eriksgatan-Fleminggatan in 2011, see 
Figure 10. The first modification of the simulation model was to add Viswalk to get a 
more realistic description of the behavior of the pedestrians.  

 

Figure 10 - The existing Vissim model from the preparatory study 

In the existing model the pedestrians were modeled as a vehicle type and could 
therefore not move as freely as they could do with Viswalk. When modelling 
pedestrians as a vehicle type the pedestrians enters a link and follows each other in a 
row alternatively do not interact at all. Furthermore the link can only represent one 
direction, thus there is no interaction with pedestrians walking the opposite direction. 
With Viswalk, however, pedestrian areas are introduced where the Social Force Model 
controls the pedestrians’ behavior and therefore the pedestrians can change directions 
and walk around each other. When modelling pedestrians’ interaction with vehicles, 
links are still required but can be used as pedestrian areas and can give a more complex 
pedestrian behavior. (PTV AG, 2014) 
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By adding Viswalk to the existing model the links that the pedestrian crossing consisted 
of, were modified to be used as pedestrian areas. This procedure required the vehicle 
input to be removed, as well as intermediate points that enabled the links to be inflected, 
since pedestrian links cannot have intermediate points. When the vehicle input was 
used for pedestrians, one link in each direction was required to be able to have a 
bidirectional flow of pedestrians. However, when the links are used as pedestrian areas 
this is not necessary, since the pedestrians can walk in both directions on those. When 
creating a link used as pedestrian area, a link in the opposite direction is created 
automatically. This link is not visible in the network editor but in the list of all the links. 
The extra link is created since priority rules, signal heads and detectors needs a 
specified direction of flow. 

In connection to when the double links were removed all priority rules related to the 
pedestrian crossings were adjusted to include all pedestrian types and placed on the link 
in the right direction. Also the signal heads and detectors were required to be replaced 
at the correct links. Some superfluous priority rules were removed, assuring not to 
affect the traffic behavior. 

Pedestrian inputs were created and required pedestrian areas to be located in connection 
to each beginning of the pedestrian crossings. These areas were necessary to be able to 
include pedestrian inputs and pedestrian routes. The routes were drawn from one side 
of the pedestrian crossing to the other, since the available traffic counts only gave 
information about how many pedestrians were crossing a specific pedestrian crossing 
and no longer routes. The pedestrian inputs were specified for each fifteen minute 
period since the vehicle input was specified in the same way.  

During this process of adding Viswalk, continuous test runs of the simulation was 
performed to ensure that no behavior or congestion was created. Blockings that could 
not be dissolved by themselves in limited time and therefore created a complete stop in 
the intersection were required to be adjusted. Blockages are realistic and has been 
observed in this intersection as reported in the preparatory study (Archer, 2011). 

At this point blockages did occur and these created a complete stop in the intersection 
after a while, see Figure 11. The reason for this was the pedestrians’ inability to cross 
if a vehicle was standing at the pedestrian crossing as dictated by the conflict markers 
area, like in the east pedestrian crossing in the figure. This situation arose due to the 
settings of the priority rule. It was set to consider the minimum headway to allow the 
pedestrians to cross the pedestrian crossing, which resulted in pedestrians crossing only 
halfway and then blocked vehicles trying to pass the pedestrian crossing. 
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Figure 11 - A screenshot from the simulation model with blockings since pedestrians cannot 
pass the crossing 

To solve the unrealistic situation in Figure 11, where no pedestrians are walking even 
though they have green signal and the vehicles are standing still, the priority rule that 
determines if the pedestrian can cross or not, was set to consider the minimum time gap 
instead of the minimum headway. 

The use of the minimum time gap resulted in pedestrians walking over stationary 
vehicles at the pedestrian crossings. This did not look realistic in the animation but can 
be interpreted as the pedestrians zigzagging between the vehicles, as would be the case 
in reality. There is difficult to model pedestrian behavior so they actually zigzag 
between vehicles and therefore pedestrians walking over stationary vehicles were 
accepted.  

For the case when the vehicles have passed their signal head but cannot pass through 
the intersection during the green time it sometimes happen that these vehicles run over 
pedestrians at the crossing. Therefore priority rules were placed right before the 
pedestrian crossing to prevent vehicles, which had passed their own signal head, from 
passing the pedestrian crossing if there were any pedestrians crossing, see Figure 12. 
The signal head closest to the pedestrian crossing is for cyclists. However, vehicles that 
have passed the stop line for the priority rule (for example the grey car at the south leg 
in the figure) will still drive even if there is pedestrian at the crossing. These pedestrian 
are interpreted as they are zigzagging between the vehicles.  



33 
 

 

Figure 12 - Priority rules placed before the pedestrian crossing 

At first, the minimum time gap was set to four seconds for the priority rules regarding 
pedestrians but was then adjusted to two seconds. This change was made since the 
pedestrians let the vehicles pass before they start walking even if they had green signal. 
It should be the other way around that the pedestrians starts walking when green signal 
is shown and forces the vehicles to yield. The minimum time gap is one parameter that 
can be adjusted during the calibration process.  

The desired speed distribution for the pedestrians was kept as it was in the existing 
model and the walking behavior parameters were set to default values. Also those 
parameters can be adjusted during the calibration procedure. 

In order to capture a realistic pedestrian behavior a new pedestrian category was 
introduced in the model that was able to cross the pedestrian crossings even when the 
signal was red. This pedestrian behavior has been observed in general in urban 
intersections. During a field observation at a signalized pedestrian crossing in 
Stockholm, Alf and Sjöström (2002) measured 22 % of pedestrian crossing during red 
signal. Pedestrians walking at red signal can be divided in different categories:  

 Pedestrians who cross during red signal right before the signal turns green. The 
vehicles have a red signal as well. 

 Pedestrians who cross during red signal right after the signal turns from green 
to red. The vehicles still have red signal or start to accelerate from stand still. 

 Pedestrian who walks at red signal at any time, if a large enough time gap is 
available.  

To be able to model a realistic pedestrian behavior a new pedestrian class was added 
that only consider the priority rules but not the signal heads. Which means that they 
were able to walk at red signal if there was a large enough time gap to the next 
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approaching vehicle. The pedestrian composition was adjusted to consist 22 % of this 
new pedestrian class.  

6.2 Calibration of simulation model 
The first calibration performed of the simulation model after Viswalk had been added 
was a visual calibration to ensure that the traffic situation was functioning reasonable. 
During the visual calibration some priority rules were adjusted to prevent vehicles to 
driving into the same area at the same time, for example left-turning vehicles from the 
south and vehicles driving straight ahead from east. These two traffic streams are 
separated by the signal phases, but since many vehicles often were unable to pass 
through the entire intersection during the green time vehicles could be halfway through 
and therefore this interaction required priority rules.   

Thereafter the calibration has been performed by comparing queue lengths that are 
available through measurements from the preparatory study. The queue measurements 
consist of the maximal number of vehicles in queue for every five minute period. These 
traffic counts are available from one day for three different periods of that day; the 
morning peak hour (7 to 9 AM), midday (12 to 2 PM) and the afternoon peak hour (4 
to 6 PM).  

During the calibration process some unrealistic behavior were detected in the model. 
At the north approach the simulated queue lengths were much longer than the 
observations available in the traffic counts. This was, partially, due to cyclists queueing 
up behind the bus at the bus stop instead of overtaking the bus. Also the possibility that 
the bus was included in the queue directly when it started from the bus stop were 
affecting the simulated queues. Even if there was a large gap to the vehicles standing 
in queue at the signal the bus was included in the queue. This was adjusted by adding 
an extra queue counter at the bus stop and by leading the cyclists pass the bus stop by 
a connector. 

Furthermore, the lateral behavior, included in the driving behavior for urban roads, was 
changed to allow cars to overtake cyclists in the same lane. Especially when standing 
in queue. The minimal lateral distance for vehicles when overtaking a cyclist was 
changed to a smaller value, both for the standstill distance and the driving distance. 
This was mostly done to avoid vehicles queueing up behind the cyclists instead of 
beside them. In the same process the parameter Diamond shaped queueing, also a 
lateral behavior parameter, was activated. According to PTV AG (2014), this parameter 
gives a more realistic shape of queues, especially when including bikes.  

6.2.1 Number of replications 
To determine the number of replications during the calibration process the confidence 
intervals for the simulated queue lengths were calculated. The 95% confidence interval 
of the average queue lengths for 10 replications for each approach can be seen in Figure 
13. The blue interval is for the south approach, the red for the west approach, the black 
for the north approach and the green for the east approach. These confidence interval 
were assumed to be reasonable enough to use 10 replications during the calibration 
process. A higher number of replication would probably give a smaller interval but 
would also give a much longer simulation time. 
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Figure 13 - Confidence intervals (95%) for 10 replications 

However, in the beginning of the calibration process only one replication was used 
when adjusting parameters to see the tendencies of the change of the parameters. When 
getting closer to the observed queue lengths the number of replications were increased 
to ten. This is because otherwise would the calibration process take unreasonable long 
time to perform.  

6.2.2 Calibration of queue lengths 
Since the original version of the model was calibrated before the Viswalk module was 
added, simplifications were made that parameters concerning pedestrians were in focus 
during the calibration. 

The calibration against the maximal number of vehicles in queue has been performed 
by comparing the Cumulative Distribution Functions (CDF) for the observations and 
the output from the simulation model for each approach. This has been executed in MS 
Excel by count the number of times a queue length appears in a certain interval. In 
Figure 14 the CDFs for the model (red), where no adjustment of parameters have been 
performed, can be seen together with the CDF for the observations (blue). It can be 
seen that the simulated queue lengths, follows the shape of the observed queue lengths, 
the blue graph, quite well.   

However, as can be seen in the figure, the north approach has too long simulated queue 
lengths to match the observations which led to a further examination of the animation 
of the simulation. In the animation it was noticed that sometimes when the bus left the 
bus stop it was included in the queue even if there was a large gap to the queue at the 
signal head. To avoid this the maximal headway for the queue counters was changed 
from 20 meters to 5 meters. This means that if there is a larger gap than 5 meters the 
next vehicle is not included in the queue. 
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Figure 14 - CDF for both simulated (red) and observed (blue) queue lengths for each 
approach 

In Figure 15 the results from the first changed of parameters are presented and it can 
be seen that the graph for the simulated queue length for the north and west approaches 
have moved a little bit closer to the graph for the observed queue lengths. However, for 
the south approach the graph is unchanged. 

 

Figure 15 - CDF for both simulated (red) and observed (blue) queue lengths for each 
approach with decreased headway 
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In the base scenario the desired speed distribution for the pedestrians was a linear 
function with an average of 5 km/h, which was not adapted for pedestrians. Therefore 
this was the next parameter to be change to give a more realistic walking speed of 
pedestrians. Some of the desired speed distributions in Viswalk, adapted especially for 
pedestrians in different situations, were tested and the second speed distribution based 
on studies by Fruin (Fruin 2) gave the best results consistent with the observed queue 
lengths. In Figure 16 the result from the changed of desired speed distribution is shown 
and it can be seen that the graph for the south approach got better result in the 
comparison of the simulated queue lengths and the observed queue lengths. Also the 
graphs for the west and east approaches got a little bit better.   

 

Figure 16 - CDF for both simulated (red) and observed (blue) queue lengths for each 
approach with further changes 

The result in Figure 16 was considered to fit well for some of the approaches but since 
this only was one replication a further investigation was necessary to give reliable 
results. In Figure 17 the results from ten replication can be seen instead. 
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Figure 17 - CDF for both simulated (red) and observed (blue) queue lengths for each 
approach with 10 replications 

An increase in number of replications gave some differences in the result compared to 
just one replication, which indicated that thereafter it was necessary to keep ten 
replications when testing different parameter settings. The graph for the west approach 
have been improved, it follows the shape of the graph for the simulation very well. For 
the south and east approaches the graphs got little improvements but for the north 
approach the queue lengths is still too long and further testing was necessary. 

To test what effect the pedestrian walking behavior parameters had on the queue lengths 
some of them were selected out to be tested. Lambda mean (�陳勅銚津岻 can vary between 
0 and 1, where a low value indicates that the pedestrians only is affected by other 
pedestrians if they are located in front of him. The default value for �陳勅銚津 is 0.3. This 
parameter was put to be 0 to test what effect it had on the simulated queue lengths. This 
gave, however, mixed result, where the south approach got better result but not the 
other approaches. So no more evaluation of this parameter was performed. 

Also the parameter VD was tested. A higher value of VD gives smoother evasive 
maneuvers when two pedestrians meet. With this in mind the parameter was decreased 
from its default value at 3 to 1. The result from this was small improvements for all 
approaches and can be seen in Figure 18.  
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Figure 18 - CDF for both simulated (red) and observed (blue) queue lengths for each 
approach with further changes 

The result from the calibration so far shows satisfactory results for the west and east 
approach, especially the west. For the south and north approach it was believed to be 
possible achieve better results and therefore some further testing was executed. 

A test of increasing the minimum time gap at the priority rules for the pedestrians was 
performed but gave results that indicated that no further evaluation was needed. Some 
further testing was performed but the result always gave both improvements and 
deterioration at the same time. Therefore the simulation model, with these parameter 
settings, was considered to be a reasonable representation of the intersection based on 
the comparison of the queue lengths. 

There are some methods that usually are used when calibrating microscopic simulation 
models, beyond comparing queue lengths. These are among others comparisons of 
travel times and visual comparisons between the model and reality. In the scenario 
described in this section it is obvious that the comparison between the model and reality 
is not possible since the situation has changed with the new design in the intersection. 
Examples of what could have been studied are the general driving behavior with gap 
acceptances and speed distributions. Aspects regarding the signal control in the 
intersection could have been studied and compared as well in order to confirm the 
behavior of the model, which in many cases are vehicle actuated and therefore can vary 
between different situations.  

In scenarios like this, where an isolated urban intersection is studied, it is not reasonable 
to study travel times since the distances often are too short to give any indications of 
the actual situation in the intersection. Furthermore it would not have been possible to 
do in this case since there was no data of travel times available from the previous design 
of the intersection.  
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One thing that can have been possible to use in this case, to some extent, was to use the 
recording made in the conflict observation in the preparatory study. However, there is 
only recordings from one approach in the intersection which would give the opportunity 
to control one direction on a more detailed level. It could give some indications on the 
general behavior in the intersection. When the video recording from the preparatory 
study was studied and the signal control was compared to the simulation model, some 
differences were distinguished. Mainly due to queuing from other adjacent 
intersections that reached the studied intersection and created blockings. Since the 
intersection in the Vissim simulation model was separated from others, that is, no other 
intersections were represented, this behavior could not be recreated. In order to test if 
the queue lengths could be adjusted to be more similar to reality, some changes in the 
signal control were done. This resulted in queue lengths with matching behavior as 
those obtained in reality, but since there was not enough supporting material for this 
type of changes, the existing signal control settings were used. 

6.3 Model development of present design 
A Vissim model representing the present design of the intersection has been developed 
based on the simulation model of the previous design. The geometrical changes in the 
intersection were made in Vissim by moving and adding links. The pedestrian links at 
the crossings were widened and adapted to the curbs. These changes lead to the need 
of changing the priority rules, which were made by a stepwise walkthrough in each 
approach where all possible travelling paths were analyzed. 

All vehicle routes were adapted to the new links, including the left turnings since it was 
assumed that some of the drivers would neglect the prohibition of left turnings. For 
right turning vehicles from the west approach it was assumed that these vehicles drove 
in the bus lane to be able to turn right despite the prohibition. To model this a connector 
was added to force vehicles in to the link where otherwise only buses was allowed to 
drive. 

Distinct differences regarding the bus lines from the previous design were adjusted in 
the model for the present design. Also the new bud lines, 53 and 56, were included 
where its relation to the other bus lines was used in order to implement the time tables 
in the simulation model. The position of the bus stops were adjusted in the new design 
as well. The traffic signals in the intersection were adjusted due to updated signal 
schemes and therefore were new signal groups and detectors added. These changes 
were mainly related to the prohibition of left turnings. The biggest difference was for 
cyclists where the flows turning left from the north to the east and those turning to the 
north from the west, respectively, got new paths and waiting areas. 

The input traffic flows in the model were adjusted based on suggestions from the City 
of Stockholm where alternative routes were stated in order to avoid left turnings. These 
suggestions were that vehicles travelling from the east was to turn left in an earlier 
intersection and therefore not pass the intersection of S:t Eriksgatan-Fleminggatan at 
all. Another option for these travelers was to pass straight through the intersection and 
turn left in a later intersection. Vehicles travelling from the north were suggested to 
travel straight through the intersection and turn in a later intersection. The suggestion 
for vehicles travelling from the south was to make the turns before the intersection and 
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choose alternative routes and therefore not pass the intersection at all. For the west 
approach, no alternative routes were suggested since the left turning already was 
prohibited in the previous design. However, for the vehicles that intended to turn right 
from the west approach it was assumed that these would pass straight through the 
intersection and turn right in a later intersection. In order to implement these changes 
in Vissim assumptions were made about alternative vehicle routes. These assumptions 
were based mainly on the surrounding road network.  

Assumptions were made that for vehicles travelling from the east, approximately 70 % 
of those that intended to turn left will instead go straight forward and only 30 % will 
turn in an earlier intersection. For vehicles travelling from the north it was assumed that 
100 % of them who intended to turn left were continuing straight forward instead. For 
those who were travelling from the south it was assumed they turned in an earlier 
intersection and that all this flow was left out from the intersection of S:t Eriksgatan-
Fleminggatan. It could also be assumed that some travelers would turn left despite the 
prohibition and this number was set to 5 vehicles for every approach for the two hour 
period. This number was based on the input data for left turnings in the west approach 
in the model for the previous design, since these left turnings were prohibited in the 
previous design as well. 

The input traffic flows for cyclists were also adjusted in the Vissim model of the present 
design due to the prohibition of left turnings in the intersection. The amount of left 
turning cyclist approaching the intersection from the north or the west were assumed 
to be the same as in the previous design. This since the new waiting areas introduced 
enabled left turning from these approaches. This assumption may not be accurate 
according to the reality since the procedure to turn left for cyclist in the intersection has 
become more complicated and therefore may the number of left turnings decrease due 
to this. Left turning cyclist approaching from the south were assumed to take another 
route and instead travelling through the intersection straight forward from the east. For 
cyclist travelling from the east it was assumed they turned in an earlier intersection and 
was therefore not passing the intersection at all. Right turning cyclist approaching from 
the west were assumed to travel straight through the intersection instead. 

Similar to the motorized traffic, it could be assumed that some cyclists would turn left 
despite the prohibition and this number was set to 1 cyclist for every approach for the 
two hour period. The same for right turning cyclist from the west approach. This 
number was based on the input data for left turnings in the west approach in the model 
for the previous design, since left turnings were prohibited in the previous design as 
well. 

During the simulation of the present design two different sets of flow were used as 
input to the model. These were firstly the same flow as used in the model for the 
previous design with adjusted turning proportions according to the reasoning discussed 
above. The second was the actual flow measured during the conflict observation in the 
intersection, were the actual turning movements were included. In another scenario 
where a similar study would be done, no actual flow will be available since the new 
design of the intersection would not exist. This made it reasonable to use the same flow 
as before with some adjustments due to new presumptions. The actual flow was used 
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in order to be able to compare differences and find explanations for any variances in 
the result between the two sets of input in the model.  

6.3.1 Calibration of simulation model 
The microscopic simulation model for the present design of the intersection was not 
calibrated to the same extend as the model for the previous design. This is since in 
another scenario the reality would not be known when the new model was developed 
and therefore could not be calibrated related to field observations, such as queue 
lengths.  

However, a visual verification were done in the simulation model in order to confirm 
that the model was behaving reasonable. Some adjustments were performed, for 
example adjustments of priority rules that made either cars or cyclist to get an 
unreasonable behavior such as give right of way to road users when it was supposed to 
be the other way around. Also the priority rules at the pedestrian crossings were 
reviewed to be sure that the behavior correspond to the assumed general driving 
behavior prior to a pedestrian crossing. 

Furthermore, the bus lanes from each relevant approach were studied to be sure that 
only buses were driving there. At the south approach the specified restriction of other 
vehicles driving in the bus lane was needed to be further away from the intersection. 
This since other vehicles were unable to change lane when the restriction appeared due 
to queues in the left lane and therefore were driving in the bus lane all the way to the 
other side of the intersection. 

Some of the vehicles routes needed to be adjusted to force for example right turning 
vehicles from the east approach to drive in the right lane from an earlier point than the 
actual origin of the right turning lane. This was necessary since otherwise was it 
possible for these vehicles to start drive in the left lane and not be able to change lane 
to the right one due to the bus lane in the middle. This caused the vehicles to a sudden 
stop in the middle of a link and disappear after a while which is how Vissim handles 
the case when a vehicles cannot find the next link in the route. 

The animation of the simulation was also studied well into the simulation time of the 
2-hours period to be sure that no more extensive blockings appeared that could not be 
resolved over a short time. After this the simulation model over the present design was 
assumed to represent a reasonable driving behavior. 
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7. Traffic safety assessment in simulation model 
Three different methods for performing traffic safety assessment in a microscopic 
simulation model were presented in the literature study: SSAM, raw data output and 
visualization. In this section, firstly an experiment of traffic safety assessment in the 
simulation model using all three methods, respectively, is presented. It was performed 
in order to test if it was possible to detect conflicts using any of the three methods. The 
chosen method is later described together with its implementation and use together with 
the simulation model. 

7.1 Experiment of identifying conflicts in simulation 
model  
The first experiment was performed in the existing simulation model from the 
preparatory study. To be able to test the three different methods for identifying conflicts 
some simplifications in the model were made in order to have less data to analyze. 
Recalibration was excluded in this test since it was only of interest to investigate if it 
was possible to identify conflicts, no matter how the model was designed.  

The simplifications made in the simulation model were to limit the traffic movements 
to only one for vehicles and two for pedestrians, as the focus was to identify conflicts 
between vehicles and pedestrians. Only vehicles from the south were included and 
these vehicles were only allowed to turn right in the intersection and this was possible 
by deleting all other routes except right. All pedestrians affecting the right turning 
vehicles were included in the model. This included both directions of walking across 
the east and south crossing.  

7.1.1 Surrogate Safety Assessment Model  
The software SSAM was one of the methods to identify conflicts in the simulation 
model that was investigated. In the literature study several articles were mentioned that 
used SSAM to identify conflicts, which implies that it is an applied method for this 
purpose. The perception is that SSAM has been used more and more in recent years in 
studies related to traffic safety assessment and microscopic simulation.  

This method required an additional software that was only available after permission 
from the Federal Highway Association in the United States and no such permission was 
obtained. The evaluation of if the method have therefore been based on the knowledge 
obtained during the literature study.  

The SSAM software uses output from the simulation model in form of a file of 
trajectories of the road users. With help of these trajectories SSAM analyzes the 
interaction between the road users and defines if the interaction meet the conditions to 
be considered a conflict. However, the exact algorithm used to identify possible 
conflicts from the trajectories is not known which affects the decision whether to use 
this method or not in this master thesis. In the software the measures used to identify 
conflicts are, among others, TTC and PET. Neither of those are used in the TCT, where 
instead the TA measure is used.            
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According to Hydén (1987), the TA-value is used in the TCT instead of the minimum 
TTC-value since the TA-value describes the most critical moment during the entire 
conflict period. This is when one of the road users has detected the hazard and are to 
take actions to avoid the hazard. The minimum TTC is measured when the road user 
already has reacted to the hazard and therefore may be able to interpret the situation 
more closely, which can in theory, result in a conscious decision by the road user to  
reduce TTC-value on purpose, even if the initial margin was much larger.  

Another reason why the TA-value is used, according to Hydén (1987), is that the TA-
value has an overlap between serious conflicts and accidents for TA-values above zero. 
This is because it is possible for a serious conflict with a low TA-value to lead to an 
accident, which never can occur with a low minimum TTC-value that is still above 
zero. Therefore, there is no overlap between serious conflicts and accidents for 
minimum TTC-value above zero. Since the TCT are based on the relation between 
accidents and serious conflicts the TA-value is the measure used in TCT. However, 
Hydén (1987) also state the importance to consider both the initial phase and the 
outcome of the conflict, which are represented by the respective measurement. 

Since one part of the aim of this master thesis is to compare the results from the traffic 
assessment in the simulation model to the one performed in the intersection in the 
preparatory study, it is essential that the same measurement is used. Even if the TA-
value is a part of the TTC-value and may be possible to derive from this, not knowing 
how the SSAM defines conflicts affects the choice not to use SSAM as method to 
identify conflicts in the simulation model.    

7.1.2 Visual assessment 
Another method to identify conflicts in the simulation model was by the visual method, 
which consist of recording a simulation to a movie, with which the Swedish TCT could 
be conducted. There are two different methods of recording a simulation; either an 
AVI-recording or an animation recording.  

In the simulation model all settings for AVI-recording were set and tested. This 
included the position of the cameras and thereby the view from which the recordings 
was performed. The start and dwell times for the recording were set to correspond to 
the time periods for the conflict observations in reality. The simulation was run with 
the recording functions activated and a movie was recorded as a result. One problem 
occurred during this process which resulted in no image when trying to playback the 
recording. This was a crucial problem since the entire idea of the method was to 
visualize and identify conflicts in the recorded movie. The support team at PTV AG 
was contacted and they tried to help out, but it seemed to be something wrong in the 
compatibility between the recording function in Vissim and the computer used for the 
simulations.  

The animation recording (saving a simulation as an ANI-file) settings was similar to 
those made for the AVI-recording with camera positions and different start and dwell 
times for the recordings. The main difference in the two methods was the playback 
function which only was possible from inside the Vissim software when using the ANI-
recording. Because of this it was not possible to rewind and play parts of the recording 
repeated times. 
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If the AVI-recordings had been possible to use in this case it would, as well as in the 
playback of the animation recordings, cause difficulties since the speeds and distances 
between the involved road users would have to be estimated from visual observations 
of the movements in the simulation. These estimations could be difficult in the 
modeling environment. One solution to this would be to use data from an output file 
and note the exact time step when a conflict was detected in the recording from the 
simulation and then extract the speeds and positions for the involved road users from 
the output file. This solution is similar to the method where only the output file is used 
to detect the conflicts, which is described in next section. This method, the visual traffic 
safety assessment, was not chosen to use in this thesis because of the technical problems 
as well as the difficulties with the estimations of the speeds and distances. However, 
the visual options are a good help for validating the model and the obtained conflict 
situations in the simulation.  

7.1.3 Raw data output  
The method where the raw data output file from Vissim is used as main tool for 
obtaining conflicts in the simulation model was evaluated firstly by saving different 
attributes in a output file during a simulation and then analyzing which of these that 
could be useful. The output file was read into Matlab where the data easily could be 
handled as desired. The main idea of the procedure performed in order to detect 
conflicts in the simulation model can be seen in the flow chart in Figure 19.  
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Figure 19 - Flow chart describing the Matlab code in general 
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The main idea behind this method was to distinguish potential conflicts by identifying 
emergency braking and save information about all nearby road users. This was done in 
order to be able to find out if another road user was the reason for the braking and 
thereby involved in the conflict. When a conflict was confirmed the TA-value was 
calculated in order to classify the seriousness of the conflict.  

This method to identify conflicts in the simulation model was the chosen method and 
it is described in more detail in section 7.2 Conflict identification. 

7.1.4 Further delimitations 
Some further delimitations emerged during the testing of the traffic safety assessment 
in the simulation model and were related to which conflicts that were possible to 
include in the traffic safety assessment. 

Conflicts where the evasive actions are swerving or acceleration will not be included 
in the traffic safety assessment in the simulation model. Swerving as an evasive action 
is excluded since Vissim cannot handle them, because each vehicle follows the link it 
travels on and does not move laterally unless it is relating to an object on the same link. 
However, if the evasive action is a combination of braking and swerving, where the 
swerving results in a lane change, it should still be possible to identify the conflict since 
the braking will be identified.  

According to Hydén (1987), braking as an evasive maneuver is the most common 
action to avoid a collision in a conflict as well as in accidents, 79 and 68 percent 
respectively. After this, the combination of braking and swerving is the most common 
evasive action, 14 percent for conflicts and 20 percent for accidents. This implies that 
it is possible to handle most of the conflicts if evasive actions, such as braking and the 
combination of braking and swerving, are included in the master thesis. Conflicts with 
acceleration as the evasive maneuver will however be excluded since these account for 
only 2 percent of all conflicts, which is assumed to be negligible.  

One more delimitation has appeared during the literature study and the test of the traffic 
safety assessment. Conflicts involving a pedestrian and a vehicle, where the pedestrian 
performs the evasive maneuver will not be possible to identify. The reason for this is 
the characteristics of pedestrians where it is possible for them to stop instantly since 
they travel with such low speeds. Therefore it is very hard to detect the braking for a 
potential collision since the pedestrian can stop equally fast if it only is a red signal. 
This has also been mention in Section 2.1 The Traffic Conflict Technique. This kind of 
conflicts will be excluded in this master thesis, both in reality and in the simulation 
model 

7.2 Conflict identification 
The experiments of the different traffic safety assessment methods performed in the 
previous sections resulted in that one of the three methods was chosen and used in the 
study. The traffic safety assessment in the simulation model was performed by using 
the output file. In order to be able to identify conflicts in the simulation model the 
different possible conflict situations in the intersection were defined, which is shown 
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in Table 1. This definition of conflict situations has been performed in order to be sure 
that all possible conflicts has been considered in the analysis. 

Table 1 - Definition of conflicts 

Braking road user Conflicting road user Type Illustration 

Turning vehicle Pedestrian at crossing Crossing 

 

Straight forward 
vehicle 

Pedestrian at crossing Crossing 

 

Straight forward 
vehicle 

Straight forward or 
turning vehicle 

Rear-end 

 

Straight forward 
vehicle 

Turning vehicle Oncoming 

 

Turning vehicle Turning vehicle Oncoming 

 

Turning vehicle  Straight forward Crossing 
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Straight forward 
vehicle 

Turning vehicle Crossing 

 

Straight forward 
vehicle 

Straight forward 
vehicle 

Crossing 

 

Turning vehicle  Turning vehicle  Crossing 

 

 
When the microscopic simulation model was run the attributes of interest were saved 
in the vehicle record and pedestrian record files. The chosen attributes for the vehicle 
record were: simulation second, vehicle number, speed, acceleration, vehicle type, 
coordinate front, interaction state, interaction target number and interaction target 
type. The chosen attributes for the pedestrian record were: simulation second, 
pedestrian number, speed and position. The parameter interaction state is an 
identification mark of the state of the vehicle in the current time step, for example if it 
is traveling at free flow or is braking due to a lane change or at a safety distance. The 
parameter interaction target type states the reason for the action described in the 
interaction state when the vehicle is interacting with other road users, for example via 
a priority rule or another vehicle in the same lane. The interaction target number 
identifies the ID of the interaction target type, that is, if the braking is because of 
another vehicle, its ID is given and the same applies if it is a priority rule that caused 
the vehicle to break. The output files were firstly opened in MS Excel and saved as 
xlsx-files in order to be able to modify them slightly before import into Matlab.  
 
In order to reduce the amount of output data from the simulation model before the 
analysis in Matlab, a cordon was defined in Vissim. In Figure 20 the cordon can be 
seen as the blue line that encircle the intersection. This enabled to filtering of the output 
in the vehicle record and pedestrian record files to only include data recorded inside the 
cordon. The cordon was defined in such way that all conflicts registered in the 
preparatory study would also be included in the simulation model.  
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Figure 20 - Section defined in Vissim to reduce the amount of output data 

In order to be able to detect the conflicts in the simulation model from the output file, 
the acceleration patterns of the vehicles were analyzed. All vehicles that braked (that 
is, reached a negative acceleration) at any point where considered potential to be 
involved in a conflict. All time steps were noted in order to be able to know when the 
braking started. 

All braking sequences were checked if they lasted more than one time step, since it was 
assumed that it was not  relevant if the braking only lasted for one time step, that is, for 
0.1 seconds in this case. It is assumed that it is not sufficient to brake for such a short 
time in order to avoid an accident. In order to be able to detect emergency braking a 
braking threshold was defined, where the vehicle had to exceed that threshold during 
at least tree time steps.   

It was assumed that the vehicle started to brake when the driver detected something 
unexpected and therefore the time step and actual position of the vehicle when it started 
to brake was more important than the corresponding data at the moment it passed the 
braking threshold. Therefore the moment when a vehicle started to brake was 
considered when analyzing if there was another road user nearby. This is also consistent 
with how the TA-value is estimated in the TCT. In order to be able to identify other 
road users near the braking vehicle a distance threshold D was set. All road users inside 
the simulation cordon within the same time step when the braking vehicle started to 
brake were analyzed, and their position were compared to the position of the braking 
vehicle at the same moment. The distance threshold D were used so that all vehicles 
located within the radius D from the braking vehicle, were considered as potential 
conflicting road users. If the conflicting road users were travelling behind the braking 
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vehicle they were excluded as potential conflict since it was assumed that those road 
users could not be the reason for the braking.  

If the program finds serval potential conflicting road users near the braking vehicle at 
the same time step one of them was needed to be identified as the primary conflicting 
road user, that is, the reason of the emergency braking. This was done by studying the 
interaction target type and interaction target number attributes in the output file from 
Vissim. This was only possible in the cases where the reason for the braking was 
another vehicle travelling at the same link as the braking vehicle, since in this case the 
interaction target number did refer to the actual vehicle number. If the reason for the 
braking was, for example, a priority rule when a road user was travelling on another 
link, the interaction target number was the number of the priority rule which could not 
be used in order to identify the primary road user. In these cases the distance, between 
each road user and the braking vehicle at the end of the braking sequence, were 
compared and the shortest distance was chosen. This was done since it was assumed 
that the road user closest to the braking vehicle when it finished braking was likely to 
be the conflicting road user. 

In order to be able to detect a conflict, the movement pattern of the involved road users 
was extracted both at time steps before and after the braking moment. These movement 
patterns were represented by the exact position of the road user at each time step and 
this set of time steps were used in order to obtain a straight line as a simplification to 
represent the direction of movement. The direction for the braking vehicle was 
calculated from its position when it exceeded the braking threshold and a few seconds 
forward in time. The direction for the conflicting road user was calculated based on its 
position when the braking vehicle started to brake and a few seconds after the braking 
vehicle passed the threshold. The differences between the approaches for calculating 
the directions, for the braking vehicle and the conflicting road user respectively, were 
because of the different conflicts situations and movement patterns in the intersection. 
An analysis of the choice of how to calculate the directions are presented in section 
7.2.1. Calibration of Matlab Model parameters. 

If the straight lines representing the directions of the braking vehicle and the conflicting 
road user were crossing at some point, this was considered as the conflict point, that is, 
where the accident would occur if none of them perform an evasive maneuver. Based 
on this point, the TA-value was calculated as the time it would take for the braking 
vehicle to reach the collision point if travelling at the same speed it had when it started 
to brake. 

7.2.1 Calibration of model parameters 
The calculation of the straight line representing the direction of the braking vehicle was 
done with three different methods in mind. A turning movement was selected to be 
studied closer to determine which method to use. The situation in this case was that the 
driver saw the conflicting road user, a pedestrian at a crossing, before it started to turn 
and therefore adapted its speed before turning, as shown in Figure 21.  
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Figure 21 - Straight line representing the direction, calculated with different methods 

The first method was that the direction was calculated based on the vehicles’ position 
when it detected the conflicting road user, that is, when it started to brake. This is shown 
as Line 1 in Figure 21. This was the method that matched the definition of the 
theoretical TA-value the best, which is that it was assumed that the road users had 
continued with the same speed and direction, from the moment the evasive action 
started. This definition was an important aspect since the use of the straight line was to 
find a conflict point and calculate a TA-value. But since many of the movements done 
in the intersection included turning and the drivers were able to see and react to what 
was happening after the turning before it had performed the turn, there were other 
methods capturing the actual movement better than this method.  

The second method was to calculate the direction from the position of the vehicle when 
it exceeded the braking threshold and 5 seconds forward in time, this is shown as Line 
2 in Figure 21. This was because it was known where the vehicle was heading when it 
needed to brake. The third method was to calculate the direction based on the entire 
time the vehicle performed the braking, that is, its continuous positions from when it 
started to brake until it exceeded the braking threshold. This is shown as Line 3 in 
Figure 21. 

The second method was chosen for the calculation of the straight line representing the 
direction of the braking vehicle, since it gave the most reasonable conflict point with 
the pedestrian, due to the vehicles’ pattern of movement, which was known. The first 
method was rejected since the direction was unreasonable for identifying conflict points 
in scenarios where the braking vehicle was about to make a turn. The third method gave 
a suitable simplification of the path of the vehicle but since the pattern of movement 
was known it gave an unnecessary error to the actual conflict point and therefore was 
this method rejected as well.  

The conflicting road user can be a vehicle, a cyclist or a pedestrian where the cyclists 
are considered as vehicles since they are travelling at the same links and have similar 
behavior in traffic. For calculation of the direction for the conflicting vehicle, the same 
methods as for the braking vehicle were used based on the same potential situations as 
described in the definition of possible conflicts in Table 1. In Figure 22 the best fitting 
straight lines are drawn for the conflicting vehicle. The “best fit” is due to where the 
conflict point reasonably should occur.  
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Figure 22 - Straight line representing the direction for the conflicting vehicle, the best suitable 
method used in each scenario 

It can be seen in Figure 22 that for Scenario 1 (in the case where the vehicle is about to 
turn) and Scenario 7 the first method was the best. For Scenario 2 and Scenario 3 the 
second method was the best and for Scenario 4 and Scenario 6 it did not matter which 
method that were used since it only captured straight forward travelling vehicles. For 
Scenario 5 the third method was the best fitting alternative. There were difficulties in 
separating the different scenarios and use different methods depending on which 
scenario that was studied. Due to the variance in which method that was best in different 
scenarios, the third method was chosen when calculating directions for the conflicting 
road user, as a compromise since it captures a conflict point in every scenario. This is 
a simplification since it not always is the correct conflict point, but it was considered 
sufficiently accurate.  

For calculation of the straight line for a conflicting pedestrian the differences in which 
method to use was smaller. This was because the movement of the pedestrians were 
estimated to be almost straight forward, since they were moving from one side of the 
road to the other when passing a pedestrian crossing. The straight line was calculated 
according to the third method since the direction of movement of the pedestrian was 
interesting during the entire period when the braking vehicle was braking. This was 
because the actual movement of a pedestrian could be more zigzagging than straight 
forward, as seen in Figure 23. Therefore it was better to calculate the direction over a 
longer period of time in order to smooth the oscillations and get a more solid direction 
over the entire period when the vehicle had to brake.  

 

Figure 23 - Straight line representing the direction of pedestrian 

Analysis of turning times 
A majority of the observed accidents and conflicts that occurred in the intersection 
were, according to (Archer, 2011), when left turning vehicles were in conflict with 
straight forward traffic. Since a left turning movement crosses many other road users’ 
paths the number of potential conflicts of a left turning vehicle can be high. Because of 
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this, if a vehicle brakes several steps forward in its path must be investigated in order 
to be able to find the reason for the evasive maneuver. A study of the travel times for 
left turning vehicles through the intersection was made in order to be able to know the 
time required to pass the intersection and thereby be able to identify the possible 
conflicting road user. Furthermore, it has been visually confirmed in the microscopic 
simulation model, that the vehicles travelling in a left turn has the longest travel times 
compared to the other possible directions. 

Travel times were studied by simulating a flow of 500 vehicles per hour through the 
intersection. Only the vehicles travelling from the south to the west were studied, no 
other road users were included. This direction in the intersection was chosen due to the 
assumption that all directions were comparable in geometric design and availability and 
therefore should the left turning movement be equal in all directions. Only vehicles that 
entered the intersection 20 seconds before the end of the simulation were considered in 
order to be sure that they managed to travel the entire stretch of the turn.  

In Figure 24 the travel times for each vehicle are plotted and it can be seen that the 
vehicles passes the intersection with a variation from 2.7 to 4.9 seconds. That is, the 
left turning movement lasts for a maximum of 5 seconds. With this in mind, all straight 
lines representing the direction for vehicles were calculated based on their movement 
during a time period of 5 seconds from when the braking vehicle started to brake. 

 

Figure 24 - Travel times for each vehicle during a left turn. Travel times in seconds at the y-
axis and vehicle number at the x-axis 

The same method was used when calculating the straight line representing the direction 
for pedestrians. The same analysis as for vehicles was made and it focused on the travel 
time at a pedestrian crossing, without any traffic signals. The chosen crossing was the 
one on the east leg in the intersection. Only pedestrians that entered the crossing 50 
seconds before the end of the simulation were considered in order to be sure that they 
managed to pass the entire crossing during the simulation. The travel times for each 
pedestrian are plotted in Figure 25 and it can be seen that it varies between about 13 
and 20 seconds. Therefore are all straight lines representing the direction for 
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pedestrians calculated based on its path during 20 seconds from when the braking 
vehicle started to brake. 

 

Figure 25 - Travel times for each pedestrian crossing the road. Travel times in seconds at the 
y-axis and pedestrian number at the x-axis 

Braking Threshold 
Since conflicts were identified by studying braking, the braking behavior of the 
vehicles during normal driving conditions were studied. When the intersection was 
modelled the links that involved turning movements were programmed to have reduced 
speed areas since the vehicles had to keep a lower speed during the turning. In order to 
be able to distinguish between emergency braking and normal braking related to a 
turning movement, acceleration and speed for simulated vehicles when turning were 
analyzed. 

A right turn and a left turn were modeled, respectively, without any disturbance from 
other road users or traffic signals. In Figure 26 it can be seen that the lowest acceleration 
that occurred for right turning vehicles were -1.5 m/s2 and the corresponding value in 
for the left turn in Figure 27 were -2.0 m/s2. The differences between the two cases are 
due to the differences in the geometries in the simulation model, where there is a lane 
change for all vehicles travelling to the right which causes a speed reduction about 100 
meters before the intersection. This can be seen in the speeds as well where the right 
turning vehicles approaches the intersection at lower speeds than those about to turn 
left. 
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Figure 26  - Acceleration and speed during a right turn with no disturbances. m/s2 and km/h at 
the y-axes and distance at the x-axis. The vertical lines specifies the location of the turn 

 

Figure 27 - Acceleration and speed during a left turn with no disturbances. m/s2 and km/h at 
the y-axes and distance at the x-axis. The vertical lines specifies the location of the turn 

It can be seen in the figures above that the accelerations occur smoothly during some 
time which indicates that the drivers adapts the speed at a sufficient distance from the 
turn. There are some exceptions from this which can be due to the car-following 
behavior in the model, where the vehicles had to change their speed due to another 
vehicle in front.  

The behavior of the vehicles when disturbances occurred were studied as well. The 
vehicles were simulated together with pedestrians passing at the crossing. No traffic 
signals were used, but priority rules were used which made the vehicles brake suddenly 
if there was a pedestrian in its way. This study is shown in Figure 28 and it can be seen 
that compared to the scenarios when normal braking occurred the braking was more 
abrupt and harder when the braking was sudden. The pattern seen in the speed plot 
where some distinct speed reductions occurred can be due to that some vehicles were 
forced to stop for pedestrians. 
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Figure 28 - Acceleration and speed during a right turn with disturbances. m/s2 and km/h at the 
y-axes and distance at the x-axis. The vertical lines specifies the location of the turn 

Based on this study, the conclusion is that braking as an evasive maneuver can be 
distinguished in the simulation model and that it should be lower than an acceleration 
of -2 m/s2. This value was chosen since that was the lowest value that occurred during 
a normal braking because of a turn and with this all braking due to a turning can be 
eliminated from the conflict analysis. Added to this is the parameter setting in Vissim, 
where the desired deceleration for vehicles is set to an interval of -2.5 to -3 m/s2 which 
indicates that braking up to -3 m/s2 can occur in a normal braking scenario.  

Distance threshold 
The value of the distance threshold for vehicles, DV, was used in order to refine the 
selection of potential conflicts that were found by collecting all vehicles that were 
present in the model at the same time step as the braking vehicle started to brake. 
Depending on the speeds of the vehicles the distance DV should be a reasonable distance 
to detect a conflict and perform an evasive maneuver. For example in an urban 
intersection it is about 25 meters from one side to the other and the pedestrian crossings 
are about 6 meters broad. In this case it can be reasonable to detect a conflicting vehicle 
at about 10 to 20 meters, which corresponds to a travel time of about 2-3 seconds if the 
vehicle is travelling with a speed of 20-30 km/h.  

The value of the distance threshold for pedestrians, Dp, corresponds to DV. If a vehicle 
is about to be in a collision with a pedestrian the driver brakes, by estimate, about 2-8 
meters before. 

The values obtained were used as guidelines for where to start the calibration process 
when the result from the Matlab program was compared to the results from the conflict 
observations in the preparatory study. These values were then further refined to better 
represent the conflict observations in reality. This further study was made by detecting 
and comparing situations in the Vissim simulation model and classify them as 
reasonable conflicts or not in order to be able to distinguish distance thresholds.  
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Data reduction 
Since the conflict identification process in Matlab was more accurate than the conflict 
observations with the TCT used in reality in the preparatory study and therefore 
identified several more conflicts, some modifications of the Matlab code were done. 
This was mainly done in order to distinguish aspects that not could be differentiated by 
human conflict observers in reality. These modifications were: 

 Braking that were done when the vehicle travelled at speeds lower than 5 km/h 
were assumed not to be distinguished in reality to same extent as braking at 
higher speeds. In Vissim vehicles are defined to be in a queue if the speed is 
lower than 5 km/h and they are in the presence of other vehicles (PTV AG, 
2014). Therefore these events were excluded from the conflict identification in 
Matlab.  

 If a vehicle is travelling towards a traffic signal or a reduced speed area it adapts 
its speed. This kind of braking does not count as conflicts since they only 
involves one road user. Therefore these events are excluded with the help of 
the attribute interaction state from the output file from Vissim. This attribute 
also captures vehicles driving towards the traffic signal and are queueing up 
behind other vehicles and this scenario was assumed not to be a conflict in 
reality either, therefore all braking because of a traffic signal was excluded 
from the conflict identification in Matlab. For the same reason braking because 
of Public Transport stops was excluded as well. 

 In Vissim, pedestrians waiting at a crossing walks around at the same place 
with low speed. In order to distinguish those that were waiting and therefore 
not the reason for vehicles braking, only pedestrians with a mean speed bigger 
than 2 km/h during the entire braking time were considered. This speed limit 
was set since the desired speed distribution Fruin 2 for pedestrians had the 
lowest value of 2.11 km/h and therefore should all pedestrians walk faster than 
that when actually moving. 

Since the output-file from Vissim contained a large amount of data it was needed to be 
reduced in order to be able to handle it in Matlab. The cordon introduced in Vissim 
reduced the amount of data since it only captured the actual intersection area and the 
movements where the most complicated interactions occurred. It was assumed that 
since pedestrians were created in the pedestrian areas and only interacted with vehicles 
when walking at pedestrian links, all time steps where pedestrians were located at 
pedestrian areas could be excluded from the data. 

Another delimitation done in order to reduce both the running time in the Matlab 
program as well as the actual time to perform the conflict observation in the intersection 
in reality, was to only study the morning period.  

Result of calibration of Matlab parameters 
The resulting parameter values that were obtained in the Matlab calibration process 
were the following: 

The braking threshold were set to -3.2 m/s2 in order to be able to distinguish braking 
harder than a natural braking when turning. The distance threshold was set to 10 meters. 
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Visual review was made in the simulation model and when a higher distance threshold 
were used, the obtained conflicts had a higher proportion of incorrect conflicts. A 
compromise was made between a high number of incorrect conflicts and the risk of 
missing some conflicts. 

7.3 Performance of traffic safety assessment in 
simulation model 
The traffic safety assessment performed in the simulation model was done with the help 
of the Matlab program aiming to mimic the Swedish TCT. The same program and 
procedure was used for both the previous and the present design of the intersection. 
Simulations were run in Vissim, with different models depending on the studied 
scenario. Three replications with different random seeds, for the simulation model, 
were used to represent three different mornings in order to be able to compare the result 
to the conflict observation made in the intersection. Output data for both vehicles and 
pedestrians were saved and read into the Matlab program, one morning at a time. This 
resulted in three different result files which were merged at the end.  
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8. Traffic safety assessment in intersection 
The traffic safety assessment was performed in the intersection using the Traffic 
Conflict Technique, both in the preparatory study for the previous design and in this 
master thesis for the present design. Two observers were standing in the intersection at 
the occasions for the observations, with two cameras as back-up and help when 
identifying conflicts. Each occasion was a period of two hours where the main work of 
the observations were done in real time, however at periods when the amount of traffic 
was heavy it was necessary to review the recordings afterwards. This was done in order 
to capture possible missed incidents and also verify speed and distance estimates at 
those already identified. The result from the observations were registered in a document 
where information about every conflict were gathered such as exact time, type of 
conflict and evasive maneuver performed. Also detailed information about the involved 
road users were registered such as type, travelling path, speed and distance to the 
conflict point. From this, the TA-value for each road user was calculated. Also a 
detailed description of the course of the event was included. 

Since the traffic safety assessments for the different designs of the intersection were 
performed at five years separation and as parts of different projects, there are 
differences in the performance. These differences are stated in the sections below.  

8.1 Previous design 
When the traffic safety assessment for the previous design was performed in the 
preparatory study for the intersection, three days were chosen for the observations. At 
these three days, observations were performed at the morning rush (7 to 9 AM), midday 
(12 to 2 PM) and the afternoon rush (4 to 6 PM). The location of the observers and the 
cameras were separated in order to capture different angels, see Figure 29.  

 

Figure 29 – Location of the observers and cameras during the conflict observation in the 
intersection for the previous design. The stars represents the observers 
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8.2 Present design  
When the traffic safety assessment in the present design of the intersection was 
performed in this master thesis, training was needed at first. This training was 
performed at two different occasions where speeds were measured with a radar speed 
detector in order to be able to estimate speeds of the vehicles just by watching them in 
the intersection later. Also distances were estimated during the same occasions. 
Furthermore, conflicts were identified in the intersection during the training in order to 
get a feeling for it and be able to detect them at the real conflict observation occasion.  
 
For the three real conflict observation occasions the equipment needed for each 
observer was a video camera and conflict observation protocols, see Appendix A. Two 
corners of the intersection was chosen as the location from where the observers and the 
cameras should watch and record the traffic. These corners were the south-east and the 
north-west corner of the intersection, see Figure 30, and in contrast to the conflict 
observation study made in the preparatory study, the observers and the cameras needed 
to be located at the same place. This was because of regulations and the type of camera 
used for the observations.  

 

Figure 30 - Location of the observers and cameras during the conflict observation in the 
intersection for the present design. The stars represents the observers 

The conflict observations took place at Monday the 2nd, Wednesday the 4th and Tuesday 
the 10th of May. No conflicts between cyclists and pedestrians were included and only 
conflicts that occurred within the area of the intersection and the pedestrian crossings 
were studied since that was the area corresponding to the one studied in the microscopic 
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simulation model. The view from the two cameras can be seen in Figure 31. The view 
from north-west at the left and the view from south-east at the right. 

 

Figure 31 – The view from the two cameras 

8.3 Observations 
During the traffic safety assessment in the intersection the general traffic situation could 
also be studied at the same time. The general experience of the traffic situation, 
compared to the description in the preparatory study, was an improvement in 
availability for the vehicles.  

In the preparatory study a lot of blockages were registered, mostly due to a road 
construction further downstream the north exit, during the time of the observations. The 
situation was worst, in the previous design, for the east approach due to low availability 
for the vehicles travelling in the north direction which caused blockages for the vehicles 
approaching from the east. The same was experienced during observations of the 
present design, but not to the same extent. Overall, the experience was that it was a lot 
fewer blockages for the present design than for the previous design. Partly due to the 
road construction during the previous observation but also due to the restriction of left 
turnings in the present design. 

An observation made during the preparatory study was that the motorist respects the 
pedestrian crossings well and to great extent stops for passing pedestrians. The same 
was observed in the present design as well.  

In the previous design left turnings from the west approach was prohibited and this 
action was observed during the observation in the intersection. According to the 
preparatory study (Archer, 2011) the number of illegal left turnings increased when the 
vehicles had better availability since it was easier to perform left turnings with no 
blockages. Approximately 12 illegal left turnings from the west was performed during 
one morning period of two hours. Also U-turns were observed in the previous design 
where it occurred approximately 10 U-turns during one morning period.  

In comparison to the observations in the previous design, the number of illegal left 
turnings have increased and the number of U-turns decreased in the present design. 
During the two hours period at the 2nd of May, 28 left turnings, by private cars and 
heavy goods vehicles, from the west approach were registered. For the other approaches 
the number of illegal left turnings were not as high as from the west approach. Only 
one U-turn was registered in the present design during the same time period. In the 
previous design, left turning cyclists occurred to different extent in all directions and 
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the biggest difference to the present design is in the east and the west approach. For the 
east approach the left turning cyclists were decreased and for the west it was an 
increase. This can be due to the new alternative design for left turning cyclists for the 
west and the north approach, which makes it possible to perform a left turning despite 
the prohibition.      

Another observation made during the traffic safety assessment in the intersection were 
the behavior of pedestrian walking at red signal. The experience was that during some 
time periods was the amount of pedestrian walking at red signal quite high. The 
categories of pedestrian walking at red signal were to a large extent pedestrians walking 
right before the signal turns green or when there is a large time gap due to no 
approaching vehicle. This behavior was registered especially at the north crossing 
where it often was red signal for pedestrian but no approaching vehicle from north, this 
due to a larger traffic flow from the south.  

Furthermore, a behavior that was observed to some extent was “right turn on red” by 
cyclists. Which means that a cyclist slowly driving forward cross the stop line even 
though the red signal and turn right when the traffic flow from the other approaches 
allows it to. One reason for this behavior can be the bus lanes. For example at the west 
exit the right lane is a bus lane and therefore can right turning cyclist from the north 
drive into this lane without having to interfere with the other vehicles. 
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9. Results and analysis 
The results from the traffic safety assessment performed in the four scenarios are 
presented in the following sections as conflict diagrams, in order to be able to get an 
overview and visually compare the results. The results are evaluated based on the total 
number of conflicts that occurred during the observation and also the share of serious 
and non-serious conflicts.  

9.1 Comparison of traffic safety assessment in 
previous design 
In the conflict observation made in the preparatory study, 63 conflicts were obtained 
during the morning peak hour (7 AM to 9 AM). Only the actual conflicts between at 
least two road users were considered, that is, no other occurrences such as blockings 
and prohibited turnings were included. The data was sorted so that only conflicts where 
at least one of the involved road users were braking as the evasive maneuver were 
considered. This was done in order to make the result comparable to the conflict 
identification made in the model where only braking could be distinguished. When 
classifying the conflicts, the speed and TA-value of the braking road user were used. 
The result from the conflict observation made in field in the previous design is shown 
in Figure 32. From the 63 obtained conflicts it can be seen that 16 of them were serious 
and 47 were non-serious.  

 

Figure 32 - Conflict diagram for conflict observation in field for the previous design 

An analysis of which type of conflicts that occurred during the observation was done 
which can be seen in Table 2. It can be seen that a majority of the identified conflicts 
were between two private cars.  
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Table 2 – The number of conflicts identified in the field observation of the previous design of 
the intersection, divided by type. The braking road user is displayed in the first column and the 

conflicting road user in the head row. 

Braking road user Cyclist Car/MC Bus Truck Pedestrian 
Cyclist 0 10 0 1 - 

Car/MC 8 34 1 2 3 
Bus 0 4 0 0 0 

Truck 0 0 0 0 0 

When the output files from the Vissim model for the previous design were used as input 
in Matlab, 493 conflicts were obtained. The conflicts were classified by looking at the 
speed and TA-value for the road user that was braking. From the 493 conflicts, 27 were 
serious and 466 were non-serious, which is shown in Figure 33. 

 

Figure 33 - Conflict diagram for conflict identification in simulation model for the previous 
design 

The types of the conflicts that were obtained were mainly those between two bikes as 
well as between a car and a pedestrian, which can be seen in Table 3.  

Table 3 – The number of conflicts identified in the simulation of the previous design of the 
intersection, divided by type. The braking road user is displayed in the first column and the 

conflicting road user in the head row 

Braking road user  Cyclist Car/MC Bus Truck Pedestrian 
Cyclist 259 14 1 1 - 

Car/MC 29 36 0 4 114 
Bus 3 0 0 0 1 

Truck 4 2 0 0 25 
 
When comparing this result to the result from the conflict observation in field it can be 
seen that there are a lot more conflicts in the result from the simulation. These are 
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mainly conflicts with higher TA-values but also with very low values, which did not 
occur during the field observation. The high number of conflicts identified in the 
simulation model can be due to that the model registers every event that is defined as a 
conflict in the entire model, while human observers easily can miss several events 
during a two hour period. The judgement if a braking is “hard enough” or the speed of 
the vehicle and the exact distance to the conflict point, can also have an effect on the 
results. These aspects can be distinguished in detail by the simulation model together 
with the Matlab program.  

In the conflict identification in the simulation model it is possible to know exactly when 
a vehicle starts to brake, but in reality it is assumed that it is not possible for the 
observers to react to the braking with the same precision. This can also explain the high 
number of conflicts with high TA-values in the simulation since an earlier detection of 
the braking results in a longer time to the conflict point.  

9.2 Comparison of traffic safety assessment in 
present design 
In the conflict observation performed in the present design of the intersection, the speed 
and TA-value for the braking vehicle were considered when defining the seriousness 
of the conflicts. This resulted in a total of 91 conflicts where 40 of them were serious 
and were 51 non-serious, which is shown in Figure 34.  

 

Figure 34 - Conflict diagram for conflict observation in field for the present design 

The conflict types that occurred during the observation was mainly between either two 
private cars or between a private car and a pedestrian, which can be seen in Table 4.  
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Table 4 – The number of conflicts identified in the field observation of the present design of 
the intersection, divided by type. The braking road user is displayed in the first column and the 

conflicting road user in the head row 

 Braking road user Cyclist Car/MC Bus Truck Pedestrian 

Cyclist 0 0 0 0 - 

Car/MC 8 26 13 0 34 

Bus 4 4 0 0 0 

Truck 0 0 0 0 2 
 

When using the output file from the Vissim simulation model for the present design as 
input in the Matlab program, it resulted in a total of 287 conflicts. 26 of them were 
classified as serious and 261 were non-serious. The result from the conflict 
identification in the simulation model in the present design is visualized in a conflict 
diagram in Figure 35. 

 

Figure 35 - Conflict diagram for conflict identification in simulation model for the present 
design 

The types of conflicts that mainly occurred during the simulation were those between 
two bikes and between a car and a pedestrian, the same as in the previous design, see 
Table 5. 
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Table 5 – The number of conflicts identified in the simulation of the present design of the 
intersection, divided by type. The braking road user is displayed in the first column and the 

conflicting road user in the head row 

Braking road user Cyclist Car/MC Bus Truck Pedestrian 
Cyclist 60 1 0 0 - 

Car/MC 14 21 1 1 171 
Bus 2 0 0 0 3 

Truck 1 2 0 0 10 
 

Between the observation in field and the observation in the simulation of the present 
design, it can be seen a similar pattern as in the previous design of the intersection. The 
simulation obtains a lot more conflicts than obtained in the field observation and these 
are mainly conflicts with higher TA-values. 

The result from the traffic safety assessment performed in the four scenarios presented 
in numbers can be seen in Table 6. 

Table 6 - Result from the different conflict observations 

Case: Tot num. of conflicts Serious Non-Serious 

Previous design 
- field obs. 63 16 (25 %) 47 

Previous design 
- model 493 27 (5 %) 466 

Present design  
- field obs. 91 40 (44 %) 51 

Present design  
- model 287 26 (9 %) 261 

  

It can be seen that the total number of conflicts identified in the simulation model have 
decreased in the present design, which can be a result of improvements in the road 
design. The proportion of serious conflicts is however higher which can be because of 
higher speeds as a result of the improved availability in the present design of the 
intersection, which can be seen in Figure 35 where the interval of the obtained speeds 
is shifted from the lower values in Figure 33. 

However, the total number of conflicts identified in the field observation have increased 
from the previous to the present design. This means that it cannot be stated with 
certainty if the level of traffic safety in the intersection has been improved or not since 
the results from the simulation and field observations are contradictive.  

The contradictive results can be a consequence of the differences in the results from the 
field observations for the previous and the present design respectively. These results 
shows some differences in which types of involved road users that were registered in 
the conflicts. When the registered conflicts are divided into more detailed types of 
conflict some interesting differences appears, see Table 7 and 8.    
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Table 7 - Registered conflicts divided into different types for the previous design 

 

Table 8 - Registered conflicts divided into different types for the previous design 

 

The main differences between the previous and the present design are the high number 
of conflicts involving left turning in the previous design and the high numbers of 
conflicts involving lane changing or a pedestrian in the present design. 

Regarding the left turning vehicles in the previous design, it is natural that these kind 
of conflicts have decreased to the present design since the left turnings were prohibited 
in the present design. Left turnings still occurred in the intersection which also can be 
seen in the registered conflicts for the present design, but not to the same extent.  

The conflict types rear-end and lane changing in the present design are conflicts that 
were not registered in the previous design. Rear-end conflicts can for example be when 
a vehicle is about to perform an illegal left turning and the vehicles behind are forced 
to brake since no separate left turning lane exist in the present design. The left turning 
vehicles block for the straight forward vehicles from the same direction. It is assumed 
that this type of conflict did not occur in the previous design due to the separate left 
turning lane from several of the approaches available at that time. A rear-end conflict 
can also be when a vehicle brake for a pedestrian at a crossing and the vehicle behind 
is surprised and is forced to a sudden brake.  

Lane changing conflicts can for example be when a bus needs to change lane due to 
blockage in the bus lane and the vehicles behind are forced a sudden brake to let the 
bus in in the same lane. Also when the lane for cyclist and bus lane cross each other (in 
the north exit) and forces either one to brake to let the other road user pass are defined 
as lane changing conflicts. Another one is when two vehicles tries to enter the same 
lane. Lane changing conflicts can have appeared in the present design due to the higher 
speeds, compared to the previous design, and therefore were the braking harder in such 
situations and in turn registered as conflicts. 

The high number of conflicts between right turning vehicles and pedestrians in the 
present design can be due to higher speed for the vehicles when approaching the 

Braking road user  
Left turning 

vehicle 
Right turning 

vehicle 
Straight forward 

vehicle Cyclist Pedestrian 
Left turning vehicle 1 1 4 8 3 
Right turning vehicle 1  1    
Straight forward vehicle  24  10    
Cyclist 6 4       

  Braking road user  
Left turning 

vehicle 
Right turning 

vehicle 
Straight forward 

vehicle Cyclist Pedestrian 
Left turning vehicle 1 2 1   4 
Right turning vehicle  1 2  27 
Straight forward vehicle  2 3 5 1 5 
Rear end (vehicle)   8 2   
Lane changing (vehicle)     20 8   
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pedestrian crossing. In the previous design right turning vehicles can have approached 
the crossing in a lower speed since there were cyclist lanes on the right side of the right 
turning lane and therefore had the vehicles to adapt their speed earlier in the previous 
design. 

In the previous design several conflicts where a cyclist was the braking road user were 
identified, which was not the case in the observation for the present design. When a 
cyclist is the road user that performs the evasive maneuver, the general perception is 
that they often swerve to avoid an accident instead of brake or include both of the 
actions. In the conflict observation in the intersection for the present design the focus 
was on identifying conflicts where the evasive action was a braking, which  may have 
led to that some evasive actions including both braking and swerving, for example by 
cyclists, can have been missed. 

When studying the intersection in reality, a high proportion of the conflicts that 
occurred were between two private cars. In the simulation model, this type of conflicts 
was not that common, instead the conflict between two cyclists and between a car and 
a pedestrian were well represented. The number of conflicts obtained involving 
motorized vehicles in the field observation and the simulation model were similar, 
which indicates that the simulation model is able to represent this sort of conflicts well. 
The reason for the difference between the different types of conflicts could be that cars 
travelling at the same link consider each other with the help of the car-following 
settings which makes it more like planned driving and the following vehicle performs 
a lane change instead of a sudden braking in many cases. When interacting with other 
road users the model is not that foreseeing since the vehicle only registers the priority 
rule and not what is happening behind it.  

One reason to the high number of registered conflicts between two cyclists in the 
simulation model compared to the field observations can be the differences in the 
driving behavior for cyclist in Vissim and in reality. In general it is easier for a cyclist 
to avoid an accident by swerving than braking. In the simulation model, however, is it 
impossible for the cyclists to swerve to avoid an accident which results in that the 
cyclist brakes instead, since they are following the links defined in the model. Since 
only braking are considered as an evasive maneuver in this master thesis, cyclists that 
in reality would be swerving are included in the simulation model as a braking instead. 

In the simulation models there are also differences in the results regarding conflicts 
involving two cyclists. The number of conflicts between two cyclists have been 
decreased to the present design. The reason for this can be the changes made in the 
geometry for cyclists. An example of this is in the south approach where the lane for 
cyclists is moved so that no interaction between cyclists and right turning vehicles 
occurs, which can affect the cyclist behind as well. If the first cyclist does not has to 
brake for a right turning vehicle, neither need the cyclist behind brake for the cyclist in 
front. Another reason can be that the input flow for cyclists in the simulation model for 
the present design is lower than the actual flow, which is because assumptions were 
made for the input flow. This implies that the number of conflicts involving two cyclists 
registered in the present design can be higher than what the results shows.   
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In the results from all scenarios it can be seen that the number of conflicts involving 
pedestrians have increased from the previous to the present design, both when 
comparing between field observations and observations in the simulation. This shows 
that the results are consistent for both evaluation methods and it indicates that the 
intersection has not been improved regarding the traffic safety for pedestrians. 
However, the number of conflicts involving pedestrians are remarkable high in the 
simulation model. This can be because of the driving behavior in the model where the 
drivers are not as foreseeing when approaching a pedestrian crossing as they are in 
reality, since they are only modelled to consider the priority rule. The differences in the 
number of conflicts involving pedestrians between the previous and the present design 
of the intersection indicates the importance of including a detailed modelling of the 
pedestrians and their behavior.  

The absence of conflicts involving lane-changing in the simulation model can be 
because of the properties of the model. This sort of conflicts identified in field can often 
be due to a sudden lane change that violates the traffic regulation which is hard to 
capture in the simulation model. All road users in the simulation model follows the 
traffic rules since that is what they are programmed to do. 

9.3 Alternative results 
A difference between the numbers of conflicts obtained in reality compared to those 
obtained in the model is the amount of conflicts involving two cyclists. It has been 
visually confirmed that these kind of conflicts in the model is often when two or more 
bikes are queueing up after each other, which is a behavior not distinguished as a 
conflict situation in reality. Since these type of conflicts were well represented in the 
simulation model, see Table 4, conflict diagrams were made where these conflicts were 
excluded in order to be able to get a more comparable result to the field observations. 
The conflict diagram from the previous design when conflicts between two cyclists are 
excluded is shown in Figure 36.  
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Figure 36 - Conflict diagram for conflict identification in simulation model for the previous 
design, with no conflicts between two cyclists included 

A total of 234 conflicts were obtained, where 24 of them were serious and 210 were 
non-serious. This corresponds to a decrease of 259 conflicts from when the conflicts 
between cyclists were included. It is mainly non-serious conflicts that are excluded in 
this result compared to when the conflicts between two cyclists were included. This is 
an expected result since the conflicts excluded were those where cyclists were queueing 
up and therefore started to brake early and were braking hard enough just to come to a 
total stop. In reality this would not be registered as a conflict since it easily could be 
missed and seen as the normal interaction between two road users.   

The same was done for the simulation of the present design, which is shown in Figure 
37. There was a total of 227 conflicts obtained where 24 of them were serious and 203 
were non-serious. 



73 
 

 

Figure 37 - Conflict diagram for conflict identification in simulation model for the present 
design, with no conflicts between two cyclists included 

The difference between this result and the result when the conflicts between two 
cyclists were included is mainly concerning non-serious conflicts. The difference is not 
that distinct as in the previous design and this is expected since the number of obtained 
conflicts of this type in the simulation model for the present design was not as high as 
in the previous design. 

In order to compare differences between the results for the different input flows in the 
simulation model for the present design, the model was run with the actual input flow 
measured during the field observation. The result from this is shown in Figure 38. In 
total 333 conflicts were obtained, 21 of them were serious and 312 were non-serious. 
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Figure 38 - Conflict diagram for conflict identification in simulation model for the present 
design, with new input flows obtained from traffic counts in the present design 

When comparing this result to the result from the same model but with another flow 
(seen in Figure 35) it can be seen that this resulted in more conflicts, approximately 45, 
and the increase is mainly for non-serious conflicts. This increase is primarily 
concerning the conflicts between two cyclists which could be explained by a higher 
number of cyclists in general in the model. Also the turning proportions differs between 
the model with assumed proportions and the model with measured proportions which 
can affect the number of conflicts that occurred in the simulations.  

The number of conflicts involving a private car and a pedestrian have decreased with 
the new input flow compared to when the simulation was run with the old input. This 
can be because of lower speeds in general in the model which can be a result of a higher 
amount of traffic. The difference between the results with different input flows shows 
that a correct input flow in the simulation model is important when identifying 
conflicts. 

The results from the alternative analyses are presented in Table 9 where the total 
number of conflicts are presented together with the share of serious and non-serious 
conflicts.  

Table 9 - Result from the different conflict observations 

Case: Tot num. of conflicts Serious Non-Serious 

Previous design - 
model. No cyclists 234 24 (10 %) 210 

Present design - 
model. No cyclists 227 24 (11 %) 203 

Present design - 
model. New input 
flow 333 21 (6 %) 312 
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In the results where no conflicts between to cyclists are included, the proportion of 
serious conflicts has been increased and are therefore more similar to the field 
observations. However, are the percentages still to low compared to the field 
observations, due to the high number of total conflicts in the simulation models.  

9.3.1 Distribution of TA-values 
In order to be able to get an understanding of the distribution of the TA-values that are 
represented in the different results, cumulative distribution functions (CDF) were 
plotted. The CDF-plots for the results for the previous design of the intersection are 
shown in Figure 39.  

 

Figure 39 - CDF for TA-values obtained in the previous design. The blue line represents the 
result from the simulation model and the red line represents the result from the field 

observation 

In Figure 39 it can be seen that 70 % of the conflicts obtained in the field observation 
have a TA-value lower than 1 second and 100 % have a TA lower than 2 seconds, 
which is represented by the red line in the figure. In the result for the simulation model, 
represented by the blue line, 20 % of the obtained conflicts have a TA-value lower than 
1 second and 70 % have a value lower than 2 seconds. 95 % of the conflicts have a TA 
lower than 4 seconds. 

The main difference between the TA-values for the field observation and the simulation 
model is that all conflicts in field have a TA-value lower than 2 seconds. The TA-values 
obtained in the conflicts in the simulation model have a bigger range and varies between 
0 to 7 seconds.  

The CDF-plots for the results for the present design of the intersection are shown in 
Figure 40. 
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Figure 40 - CDF for TA-values obtained in the present design. The blue line represents the 
result from the simulation model and the red line represents the result from the field 

observation 

In Figure 40 it can be seen that about 60 % of the conflicts obtained in the field 
observation, represented by the red line in the figure, have a TA-value lower than 1 
second and 80% have a TA lower than 2 seconds. 95 % of the conflicts have a TA lower 
than 4 seconds. It can also be seen that 20 % of the conflicts obtained in the simulation 
model which is represented by the blue line, have a TA-value lower than 1 second and 
60 % have a TA-value lower than 2 seconds. 95 % of the conflicts have a TA-value 
lower than 4 seconds. 

The difference between TA-values in conflicts obtained in reality and in the model for 
the present design of the intersection is for the lower TA-values. 60 % of the conflicts 
obtained in the field observation have a TA-value lower than 1 second, where the same 
TA-values occurs in 20 % of the conflicts in the simulation. The low percentage in the 
simulation, for TA-values lower than 1 second, compared to the field observation is 
mainly because the simulation model register a lot more non-serious conflicts and 
therefore have a higher number of total conflicts. The differences are smaller when 
comparing the higher TA-values, where 80 % of the conflicts observed in field have a 
TA-value lower than 2 seconds while the conflicts that occurred in the simulation model 
in 60 % of the cases had the same TA.  

The differences in the inclination of the graphs shows that the TA-values from the field 
observations are more concentrated in a smaller interval which gives a steeper slope. It 
is likely that the differences are not as big as it seems because of the difference in 
interval where the TA-values are represented and the total number of conflicts 
identified in the two compared conflict identification methods.  

However, in all four scenarios there are a 95 % or higher representation of TA-values 
lower than 4 seconds. This indicates that there some resemblance between the methods 
for identifying conflicts made in field and in the simulation model. 
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9.4 Reliability analysis 
In order to be able to see the consequences of some decisions made when developing 
the microscopic simulation model and the Matlab program in this master thesis, a 
reliability analysis of some chosen parameters were done.  

9.4.1Without pedestrian crossing during red signal 
When developing the simulation model a separate class of pedestrians were created in 
order to represent the proportion of pedestrians that are crossing during red signal. This 
class was estimated based on a report studying Swedish conditions at pedestrian 
crossings. Since the general conditions in a signalized intersection in Sweden may 
differ from the conditions in the studied intersection, a comparison of the results when 
this class of pedestrians was excluded was performed. The result of this is shown in 
Figure 41 and the total number of conflicts were 443 and 37 of them were serious and 
406 were non-serious.  

 

Figure 41 - Conflict diagram for conflict identification in simulation model for the previous design, 
without pedestrian crossing during red signal 

The result shown in Figure 41 is reasonable compared to the result when this class of 
pedestrians was included in the conflict identification, shown in Figure 33, since the 
number of conflicts have decreased. This is because no one was crossing during red 
signal and therefore were the pedestrians separated from the other traffic modes as far 
as possible. The proportion of serious conflicts is higher though, which can be due to 
that when the pedestrians were crossing during red signal many of the conflicts 
occurred when a vehicle was travelling straight through the intersection since they 
belonged to another signal phase. This resulted in that the distance to the conflicting 
pedestrian probably were quite long, compared to when conflicts only occurred when 
the vehicles and pedestrians were passing the intersection at the same signal phase. This 
was since only the vehicles that were about to make a turn were at crossing path with 
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the pedestrians which makes them probable to be close to the conflicting pedestrian 
when they started to brake and thereby have a shorter TA.  

In summary it can be seen that the implementation of the pedestrian class that were 
crossing during red signal does affect the result of the conflict identification process 
made in the simulation. This indicates that in order to be able to represent this behavior 
in a correct and suitable way for the individual studied intersection, measures in field 
needs to be done to make sure how the behavior is represented in reality. This is 
something that reasonably could be collected together with traffic counts that normally 
is performed when building simulation models. 

9.4.2 Alternative calculation of the direction 
When the straight line representing the direction of the road users in the simulation 
model was calculated, an investigation was made concerning travel times through the 
intersection in order to be able to find a minimum time period of when a conflicting 
road user could be identified. This minimum time was set to 5 seconds from when the 
braking vehicle started to brake. In order to distinguish how this value affected the 
result of the conflict identification, the Matlab program was run with different settings 
on this time period and the result from the conflict identification was compared to the 
corresponding result when using 5 seconds. 

The result from when the conflict identification was performed for the previous design 
with a calculation of the direction based on the movement of the vehicle 6 seconds after 
the braking vehicle started to brake, is shown in Figure 42. 

 

Figure 42 - Conflict diagram for conflict identification in simulation model for the previous design, with 
alternative calculation of direction 

In Figure 42 a total of 525 conflicts were obtained, 28 of them were serious and 497 
were non-serious. When comparing this result to the result from the previous design it 
can be seen that the total number of conflicts have increased. This indicates that this 
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time setting is important for the result of the conflict identification and even a small 
adjustment has impact on the result.  

9.4.3 Braking Threshold 
When the braking threshold were set, the settings for the driving behavior were taken 
into consideration, among others. This setting was concerning the desired deceleration 
of the vehicles and the interval was between -2.5 and -3 m/s2 and the final value of the 
threshold was set to -3.2 m/s2. The conflict identification process was run with the 
threshold set to -3 m/s2 in order to be able to see what effect the desired deceleration 
had on the results. The result from the conflict identification made in the simulation 
model for the previous design with a braking threshold of -3 m/s2 is presented in Figure 
43. 

 

Figure 43 - Conflict diagram for conflict observation in simulation model for the previous design, with 
braking threshold set to -3 m/s2 

In Figure 43 it can be seen that a total of 578 conflicts were registered and 26 of them 
were serious and 552 of them were non - serious. This is a big increase in number of 
conflicts compared to the present design when the braking threshold was set to -3.2 
m/s2 where the total number of conflicts identified was 493. This indicates that the 
selected threshold of -3.2 m/s2 was reasonable to use since the less strict threshold 
mainly affected the number of non-serious conflicts. This is assumed to be because of 
the desired deceleration settings.   
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10. Discussion 
One of the biggest differences between reality and the simulation model is the driving 
behavior. There are a lot of parameters in Vissim, adjustable in order to represent 
specific circumstances or a more general type of driving in an area. These parameters 
needs to be calibrated carefully in order to satisfy these certain conditions, but in more 
general scenarios the default settings are well calibrated in order to represent a normal 
driving behavior in Western Europe, which often is a good fit when studying traffic 
flows etcetera. However, regardless of how well calibrated the model is, it is always a 
simplification of the reality with all of its diversities.  

The default driving behavior in the simulation model is a bit more aggressive than the 
behavior obtained in the studied urban intersection which can be explained by a number 
of factors. For example several traffic modes gathered at the same area, a lot of traffic 
during the main parts of the day and there is a distinct direction of the main flow. This 
gives a driving behavior that may be more careful and forward-looking than in a usual 
urban area which makes the differences between reality and the simulation model 
obvious, especially when the study is concerning such a specific behavior as when 
conflicts should be obtained. In the calibration process it would have been beneficial to 
calibrate driving behavior parameters to a greater extent since this probably affects the 
conflict identification process. This was however not possible in this study, since the 
data needed for this calibration was not available in the preparatory study.  

In the result from this study it can be seen that the conflict identification in the 
simulation model obtained a lot more conflicts than when the conflict observation were 
made by human observers in reality. One explanation of this can depend on the 
differences in the driving behavior since the behavior in the model is more aggressive 
which leads to harder braking at situations that would not need such a hard braking in 
reality. In general the speeds are higher in the simulation model as well, which makes 
the braking even more abrupt and can also lead to more serious conflicts, when vehicles 
in reality have a more smooth behavior when approaching other road users.  

Another factor related to the modeling that can explain the differences in the results is 
the calculation of the TA-values. The TA-value is more exact in the model, since it is 
known exactly when the braking vehicle started to brake and its exact distance to the 
conflict point. This is reasonably not possible to detect in reality and the braking is 
often registered later since it is not always possible to distinguish a softer braking and 
therefore can the actual beginning of the braking be wrongly estimated. If a braking 
starts at a longer distance from the conflict it may not be obvious for the observer why 
and when the vehicle did brake and therefore does it not count as a braking until later. 
This leads to that many of the conflicts obtained in the simulation model have higher 
TA-values and it could also be seen in the results that TA-values higher than 4 seconds 
was rarely measured in reality but was persistent in the simulation result. 

The fact that the traffic safety assessment in the intersection was performed by different 
people in the previous design compared to the present design may have influenced the 
result quite a lot. The results are dependent on the observer's judgement of the conflicts, 
both regarding the estimations of the distance and speed but also if a certain situation 
is perceived as a conflict. The conflict observation during the preparatory study was 
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performed by two people which had attended a course in the Traffic Conflict 
Technique. For the conflict observation in the present design there was no opportunity 
to take the course due to limited amount of time in the master thesis. This can have 
affected the judgement of the observed conflicts, as well as the experience of this type 
of exercise for the different observers.  

During the conflict observation for the previous design, a road construction was in 
progress further north from the intersection. This resulted in lower availability in the 
north direction from the intersection and caused blockages during the observation 
period. Lower availability gives lower speeds which in turn can have affected the 
conflict observation. Lower availability is assumed to affect the driver behavior by a 
more cautious behavior and by the drivers are more attentive of the surroundings, which 
in turn can give fewer serious conflicts at a conflict observation. This is consistent with 
the results from the field observations where there were fewer serious conflicts for the 
previous than for the present design.  

The results from the different conflict observations indicates that the number of 
conflicts involving pedestrians have increased from the previous to the present design, 
both for the observations in field and for the observations in the simulation model. It 
seems reasonable that this type of conflict would not had been distinguishable to the 
same extent in the model if Viswalk would not been added, since the behavior of the 
pedestrians would not have been possible to model in such detail. As stated in section 
3.2 Simulation software PTV Viswalk, CH2M (2015) made a study using a rare method 
for modelling the interaction between different road users at a shared space area. This 
approach, or a similar, would have been interesting to study in this master thesis since 
the interaction between road users are of high importance in this kind of study. Since 
the behavior of the cyclists in the model have been found different from experienced 
behavior in reality it would have been interesting to model at least cyclists in this way, 
that is, more similar to pedestrians than to vehicles.  

Another aspect connected to the behavior in the simulation model is the separate class 
of pedestrians modeled to cross during red signal. This group of pedestrians were 
modeled to behave as other pedestrians but ignore the red signal. In reality this is not 
always reasonable since many of the pedestrians that crosses during red signal have a 
higher speed since they are avoiding vehicles or are running to a bus for example. 
Furthermore, even if these pedestrians ignores the red signal, they are still affected by 
time gaps in the priority rules when crossing the road which as well should be modelled 
separated from other pedestrians, since they to some extent can accept a shorter gap.  

This study is delimited to only evaluate the morning peak period because of limited 
time for the performance of the study. It is well known that the traffic flows and the 
traffic situation in general differs during an entire day and therefore is it likely that the 
results would differ if three time periods during the day were studied. Also the 
composition of the road users during the day can differ which can affect the results, for 
example it is assumed that there are more pedestrians in the area during lunch time, 
than in the morning, when the shops and restaurants have open.  

When implementing the conflict identification method in Matlab, different thresholds 
were set in order to mimic the conflict identification made in the Traffic Conflict 
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Technique. These thresholds were among others considering the braking and the 
decision if a braking was hard enough to be classified as an emergency braking. This 
threshold was based on the deceleration of the vehicles and was decided considering 
the normal braking behavior in the model and to some extent, the actual experience of 
an emergency brake in reality. In order to be able to make the conflict identification 
process in the simulation model more comparable to the conflict observation in field, 
the different threshold could have been more strictly defined to, consciously, 
compensate for the more exact conflict identification made in the model. This would 
lead to fewer conflicts observed in the simulation model, and therefore be more like the 
observations made in field, but it would probably not be representative since some of 
the actual conflicts would be missed. It is likely that it would be just one type of 
conflicts that would decrease which would affect the entire result and give a wrong 
general impression of the situation.  

If the use of microscopic simulation as an evaluation tool for road safety could be 
reliable and sufficiently accurate it could be used to a great extent. It has been noticed 
in this study that conflict observations in field performed by human observers may vary 
depending on the observers’ judgement and experience about this type of task. These 
personal differences would be eliminated if the simulation model could be used for the 
conflict identification instead since the model always uses the same presumptions in 
the identification process. Furthermore, it would save time in field since a conflict 
observation according to the Traffic Conflict Technique requires repeated visits at the 
location. Of course would some of these visits in field still be required since the 
calibration of the model needs to be accurate and certain conditions at the location 
distinguished, but probably not at as many occasions as needed when performing the 
TCT. Another benefit already mentioned in this thesis is the possibility to experiment 
with different road designs and evaluate the traffic safety level before reconstructions 
of the road infrastructure. 

10.1 Further work 
In the introduction of the work with this master thesis an alternative method for conflict 
identification in a microscopic simulation model, SSAM, was evaluated. A comparison 
between the SSAM software and the method developed in this project, where the TCT 
was used for conflict identification in a microscopic simulation model would be 
interesting. This could include a benchmark of the different properties and field of 
application for the methods.  

In order to evaluate the method developed in this master thesis further it could be 
implemented in several similar intersections as the one tested in this intersection. If this 
can be done, it would deepen the knowledge about the parameter settings concerning 
driving behavior in the microscopic simulation model and other important aspects that 
influences the conflict identification. 

If this method would be used in other studies in similar intersections, a recommendation 
is to focus on data collection in the previous design since it would ease the calibration 
process. Examples of data that would be preferred are video recordings for the area in 
general in order to get an overview of the situation, accepted time gaps for different 
road users, queue lengths, pedestrians crossing during red signal etcetera.   
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11. Conclusion 
When comparing the number of conflicts obtained in the conflict observations made in 
reality and the simulation model, respectively, there are large differences. These 
differences are mainly concerning the number of non-serious conflicts and this 
indicates that the two methods of conflict identification cannot replace each other 
directly. But with awareness of the differences between the methods, the simulation 
model could be used as an indication when evaluating the level of traffic safety in a 
new road design. 

Conflicts where the evasive maneuver is a braking are possible to distinguish in the 
simulation model, when the braking road user is a vehicle or a cyclist, and the 
interaction between all kinds of road users can be modelled. Braking is an action easily 
distinguishable in the model, where road users only can travel where they are 
programmed to and are interacting with other road users mainly by adapting their speed 
by braking. 

The simulation model is a simplification of reality and therefore is the calibration of 
the driving behavior important in order to get a realistic representation of the studied 
location. When identifying conflicts the threshold values in the conflict identification 
method is important since there are subtle limits between what is perceived as a conflict 
or not in some cases. One shortcoming in the Traffic Conflict Technique is that it is not 
given any description of what should be identified as a distinct braking which would 
make the judgement objective. A limitation in the simulation model is that swerving 
not can be distinguished because of the programming properties where the road users 
only can travel on the pre-defined link. Also the fact that the simulation model register 
conflicts between two cyclists in such extent shows that these types of conflicts 
probably cannot be distinguished realistically in the model. 
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Appendix A 

Conflict Recording Form for the Traffic Conflict Technique (Trafik och väg, Lunds 
Tekniska Högskola, 2015). 
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Start time End time Right Straight Left U-Turn Right Straight Left U-Turn Right Straight Left U-Turn Right Straight Left U-Turn
07:00 07:15 17 7 0 0 4 13 0 0 10 43 0 0 0 2 0 0
07:15 07:30 15 11 4 0 5 5 0 0 12 55 0 0 0 13 0 0
07:30 07:45 20 17 2 0 1 11 0 0 15 80 0 0 0 17 2 0
07:45 08:00 28 25 4 0 14 13 0 0 16 121 0 0 0 29 3 0
08:00 08:15 32 26 6 0 8 13 0 0 20 103 1 0 0 23 1 0
08:15 08:30 32 40 3 0 10 18 0 0 22 94 0 0 0 28 1 0
08:30 08:45 34 31 5 0 10 19 0 0 20 105 0 0 0 38 2 0
08:45 09:00 20 24 4 0 10 10 0 0 19 85 0 0 0 30 2 0

The North approach The East approach The South approach The West approach

Start time End time Right Straight Left U-Turn Right Straight Left U-Turn Right Straight Left U-Turn Right Straight Left U-Turn
07:00 07:15 5 4 0 0 0 4 0 0 4 5 0 0 0 3 0 0
07:15 07:30 1 3 0 0 1 6 0 0 2 7 0 0 0 2 2 0
07:30 07:45 3 2 0 0 1 2 0 0 5 10 0 0 0 4 1 0
07:45 08:00 0 4 0 0 2 1 0 0 2 7 0 0 0 2 1 0
08:00 08:15 2 6 0 0 0 3 0 0 2 4 0 0 0 2 1 0
08:15 08:30 0 2 0 0 0 4 0 0 3 6 0 0 0 1 0 0
08:30 08:45 4 6 0 0 0 2 0 0 2 3 0 0 0 3 0 0
08:45 09:00 0 0 0 0 1 4 0 0 3 5 0 0 0 5 0 0

The North approach The East approach The South approach The West approach

Start time End time Right Straight Left U-Turn Right Straight Left U-Turn Right Straight Left U-Turn Right Straight Left U-Turn
07:00 07:15 37 86 2 0 23 52 0 0 50 171 0 0 4 37 1 0
07:15 07:30 38 111 0 0 27 58 0 0 52 158 0 0 3 45 5 0
07:30 07:45 46 104 3 0 33 51 0 0 71 185 0 0 1 57 1 0
07:45 08:00 51 103 0 0 36 53 0 0 84 171 0 0 1 57 1 0
08:00 08:15 71 128 4 0 22 51 0 0 101 191 0 0 1 68 1 1
08:15 08:30 81 139 3 0 28 67 1 0 110 149 2 0 2 68 2 0
08:30 08:45 59 128 1 0 31 71 4 0 96 130 0 0 1 62 4 0
08:45 09:00 60 105 0 0 24 62 0 0 80 161 0 0 3 70 8 0

The West approachThe North approach The East approach The South approach
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The result from the traffic counts for the pedestrian crossings is shown in the table 
below. The directions of the pedestrian flow is seen from above.  

 

Start time End time
Counter 

Clockwise Clockwise Tot
Counter 

Clockwise Clockwise Tot
Counter 

Clockwise Clockwise Tot
Counter 

Clockwise Clockwise Tot
07:00 07:15 11 19 30 21 10 31 12 8 20 19 16 35
07:15 07:30 16 34 50 28 16 44 23 12 35 43 36 79
07:30 07:45 21 50 71 29 31 60 31 16 47 52 35 87
07:45 08:00 26 47 73 52 37 89 37 22 59 53 46 99
08:00 08:15 33 51 84 52 45 97 38 25 63 61 38 99
08:15 08:30 36 45 81 57 50 107 45 37 82 54 45 99
08:30 08:45 40 71 111 55 38 93 41 17 58 58 46 104
08:45 09:00 38 56 94 56 42 98 32 22 54 43 54 97

The North approach The East approach The South approach The West approach


