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Abstract
The city of Gothenburg has a strategic goal aiming to increase the total amount of trips
made by bicycle with a factor of 3 by 2025 compared to 2011’s numbers. This report has
aimed towards evaluating how the signal controlled crossings in Gothenburg will handle the
mentioned increase and how they can be optimized to handle said increase by trying to answer
three questions Is there a certain commuter path that is more prone to queuing than others?, In
what way can the existing traffic signals on such paths be optimized in order to reduce queuing
in the future?, and How would such optimization for bicycles affect the overall traffic situation?.
In order to answer the questions, site investigations were made on 9 different locations divided
between three areas that were carefully selected to represent the bicycle infrastructure in
Gothenburg, that was under risk of congestion, on a wider level. Each intersection was visited
at least twice, one morning and one afternoon, and information on how the bicyclists used the
intersection was collected and then used as a base for simulation of the future in the simulation
software PTV Vissim. The results show that without any measures two of the three different
areas studied cannot handle the increase in total bicyclists and entails longer travel times or
long queues. By either implementing green waves, prolonged green times, sections of all green,
or bicycle priority into the signal sequences the capacity in the intersections increased but the
optimizing measures lead instead to deterioration for other means of transport that was not
traveling in the same direction as the bicycles. Concluding the results it can be said that there
is more needed to facilitate the total increase in bicyclists in Gothenburg than changes to the
signal sequences. Either a redesign is needed at problem areas or the total car traffic needs to
be decreased if the overall flow of the traffic is to be maintained in the future.

Keywords: Bicycle crossing, Optimization, Signal sequences, PTV Vissim, Simulation, year
2025, Gothenburg, Nya Allén, Annedalsmotet Dag Hammarskjöldsleden, Skånegatan Ullevi-
gatan.
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Sammanfattning
Göteborgs stad har som strategiskt mål att öka det totala antalet cykelresor med en faktor 3
till år 2025 jämfört med 2011 års siffror. Denna rapport har syftat till att utvärdera hur de
signalkontrollerade korsningarna i Göteborg kommer att hantera ökningen av cyklar och hur
de kan optimeras för att hantera ökningen genom att försöka svara på tre frågor Finns det en
viss pendlingsväg som är mer utsatt för köande än andra?, Hur kan de befintliga trafiksigna-
lerna på sådana vägar optimeras för att minska köandet i framtiden? och Hur skulle en sådan
optimering för cyklar påverka trafiksituationen i sin helhet?. För att svara på frågorna gjordes
platsundersökningar på 9 olika platser fördelade på tre områden som var noggrant utvalda
för att representera cykelinfrastrukturen som är utsatt för trängsel i Göteborg på en bredare
nivå. Varje korsning besöktes minst två gånger, en morgon och en eftermiddag, och informa-
tion om hur cyklisterna använde korsningen samlades in och användes sedan som en bas för
framtidsimuleringar i PTV Vissim. Resultaten visar att utan några åtgärder kan två av de
tre områdena som studerades inte hantera den totala ökningen av cyklister och medför längre
restider eller långa köer. Genom att antingen införa gröna våg, förlängda gröntider, allgrönt
eller cykelprioritering i signalsekvenserna ökade kapaciteten i korsningarna men optimerings-
åtgärderna leder även till försämring för andra transportmedel som inte färdades i samma
riktning som cyklarna. Slutvis utifrån resultaten kan slutsatsen dras att det behövs mer för
att hantera den totala ökningen av cyklister i Göteborg än förändringar i signalsekvenserna.
Antingen behövs en ombyggnad för problemområden eller att den totala biltrafiken minskas
om flödet i trafiken ska bibehållas i framtiden.

Nyckelord: Cykelkorsning, Optimisering, Signalsekvenser, PTV Vissim, Simulering, år 2025,
Göteborg, Nya Allén, Annedalsmotet Dag Hammarskjöldsleden, Skånegatan Ullevigatan.
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1 | Introduction
This chapter introduces the reader to the thesis by providing a background to the study and
information on what the study works towards accomplishing.

1.1 | Background
According to Nationalencyklopedin (2019), the bicycle's history in Sweden sets foot in the
middle of the 19th century. Back then there were only a sparse amount of bicycles in Sweden
produced mainly out of wood and steel. 20 years later the �rst bicycle factory was built pro-
ducing Penny-farthings at �rst and thereafter the so-called Safety Bicycles which the modern
bicycle is based o�.

Despite the bicycle's long history in Sweden the bicycle as a mean of mass transportation was
later passed by the car unlike what happened in many other countries where the bicycle still is
the more common mean of transport. At the beginning of the 21st century, bicycles only made
up one-tenth of the total trips in Sweden while half of the trips made by cars were shorter
than 5 kilometers (Nationalencyklopedin, 2019).

However, things are starting to change and cities around Sweden has started to invest in
bicycle infrastructure to encourage more people to leave the car at home in favor of the
bicycle. The reasons are many and one is the environmental aspect. To prevent and reduce
the global warming there are a several measures that can be done, one of them is to enhance
and encourage more bicycling.

A study about transportation modes showed that an increment in bicycle usage would result in
climate change mitigation (Massink, Zuidgeest, Rijnsburger, Sarmiento, & Maarseveen, 2011)
by a reduction in CO2 emission. Due to this, the city of Gothenburg, located in the western
parts of Sweden as shown in Figure 1.1, passed a strategy program for bicycle tra�c called
For a close big city(Månson & Junemo, 2015) in the year of 2015. The vision is that the
city of Gothenburg should become an attractive bicycle city where the bicycle is a competitive
mean of transport. One of the main goals is that the number of trips made by bicycle should
triple compared to the year 2011's numbers by 2025. This leads to an sought after increase in
bicycle tra�c of approximately 8 percent per year.

Today the tra�c signal system in Gothenburg more often than not favors the car where bike
lanes and car lanes intersect (Månson & Junemo, 2015), resulting in a possible build-up of
queues of bikes at the signals during rush hour tra�c and there is little to none information
on how the issue would be a�ected by the wanted increase in total bicycle tra�c.

In order to shed some light on the issue, the report will seek to investigate how signal controlled
crossings, where bicycles and cars intersect, would be a�ected by the increase and how the
signals' sequences can be optimized to cope with the mentioned increase as optimization is
to be preferred over reconstruction according to the Swedish Transport Administration's 4
step principle which states in what order changes to the infrastructure should be evaluated
(Tra�kverket, 2018).

, Department of Architecture and Civil Engineering, Master's thesis, ACEX30-19-21 1



1. Introduction

Figure 1.1: Map showing location of the city of Gothenburg in the red circle (Google Maps,
2019k).

1.2 | Problem Description
The wanted increase in numbers of bicyclists using the bicycle infrastructure in Gothenburg
as it is today would lead to longer queues at crossings but the actual impact has yet to be
studied. According to the Swedish Transport Administration's 4 step principle (Tra�kverket,
2018), optimization is to be favored over reconstruction or new establishment and to adapt
the existing tra�c signals to an increase in bicyclists would, therefore, be of interest in order
to cope with the wanted modal shift in the transport sector.

1.3 | Purpose
The aim of the report is to evaluate how tra�c signals at bicycle and motor vehicle-crossings
can be optimized to cope with an increase in bicycle tra�c, resulting in a more continuous
�ow for bicycle commuter tra�c in the future.

In order to evaluate the issue, the report will work towards answering the following questions:

- Is there a certain commuter path that is more prone to queuing than others?

- In what way can the existing tra�c signals on such paths be optimized in order to reduce
queuing in the future (2025)?

- How would such optimization for bicycles a�ect the overall tra�c situation?

2 , Department of Architecture and Civil Engineering, Master's thesis, ACEX30-19-21



1. Introduction

1.4 | Scope
For the report, only bicycle commuter tra�c in Gothenburg is to be evaluated which entails
that areas outside of Gothenburg will not be studied for more than as reference cases. In this
report, intersections in Stockholm will be used for reference.

According to the city of Gothenburg (2019a), the city has 813 kilometers of bicycle lanes with
several crossings where bicycles and motor-driven vehicles intersect. This leads to a large
amount of signal controlled crossings that are possible to evaluate in accordance with the
aim. To evaluate all signal controlled crossings is a task that would require more time than is
available for this project and due to this only a sample of selected crossings are to be evaluated.
These crossings are carefully selected in order to properly represent commuter paths that may
be at risk of bicycle queuing in the future.

In order to further limit the project in time, each investigated crossing will, in most cases,
only be visited twice, at least one morning and one afternoon. In order for the measurements
to properly represent a normal day, the sites will not be visited during heavy rain weather
and only during weekdays, excluding Fridays as the commuter pattern tends to divert from
normal on Fridays as commuters leaves their jobs early or runs errands before the weekend
(personal communication with tra�c analyst S. Hasselblom, Febuary 4. 2019).

Furthermore, the project is carried out during winter and spring resulting in data gathered on
site only representing either of those two seasons. This leads to simulations of summer and
autumn tra�c being based on quali�ed assumptions based on total tra�c measured by the
city instead of on-site investigations.

In addition, the bicycle lanes in Sweden are used by more vehicle types than bicycles, for
example, electric wheelchairs and electric scooters. The simulation software, however, only
accounts for bicycles and therefore all vehicles using the bicycle lanes will be counted for as
bicycles in order to get a proper view of the total �ow.

1.5 | Thesis Outline
The report is divided into 8 chapters and varying amounts of sub-chapters with the Chapter
1 containing an introduction to the subject.

Following the introduction chapter is Chapter 2 which contains a theoretical framework with
information on the history, present and future situation for bicycles and bicyclists, information
on congestion reducing methods in the bicycle tra�c, simulation models for bicycle tra�c and
lastly information regarding intersections under investigation.

Chapter 3 presents the methodology that the project has used, divided between the di�erent
parts of the study.

Chapter 4 contains the results obtained from site investigations, how the simulation models
were set up and what results were obtained from the simulations of the future, with and
without optimizing measures.

Chapter 5 analyzes the obtained results and concretizes what the results obtained points
towards.
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Chapter 6 brings up a discussion regarding the signi�cance of the obtained results for the
market and also a discussion on sources of error, how they may have a�ected the result and
how they came into existence.

Finishing of the report is Chapter 7 containing the conclusions of the report in relation to the
aim and �nally, Chapter 8 presenting suggestions on future research.
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2 | Theoretical Framework
This chapter will provide a theoretical framework on bicycle tra�c and theories surrounding it
and available simulation models for bicycles as to give the reader a broader knowledge on the
subject in order to better understand the results.

2.1 | The Bicycle's Place in Society
The bicycles place in society and its popularity has varied since its release. To better un-
derstand the situation today an understanding of how the development has looked up until
today is of great importance. Therefore, the following sections will give a brief understanding
of where it all started, what the prerequisites are today and what the goals are for tomorrow.

2.1.1 | History of Bicycle Tra�c in Sweden

At the beginning of the bicycle's history, the bicycle was mainly a symbol of status for
the upper class but at the turn of the 20th century the bicycle had started to gain impor-
tance on the Swedish countryside as a way to move over distances on, sometimes, bad roads
(Nationalencyklopedin, 2019). During this time a bicycle cost close to 13 000 SEK, recalcu-
lated to 2018's monetary value but due to the possibilities of traveling between cities gave,
the bicycle was still a sought-after possession.

After Henry Ford invented the T-Ford, a car model, at the beginning of the 20th century the
bicycle got a competitor on the transport market but due to two world wars and gasoline being
rationed during the second of them the bicycle became the most frequent mean of transport
with over 70 percent of the total trips in Stockholm being made by bike during the 1930s and
increasing to 80 percent by the 1950s (Everett, 2018).

In 1934 an organization calledThe bicycle promotion (Cykelfrämjandet)was established
(Nationalencyklopedin, 2019). With new towns in the United Kingdom as archetypes they,
out of many things, started to promote bicycle paths in the cities after the end of the second
world war.

However, according to Everett (2018), the economic growth in Sweden after the second world
war also led to the middle class being able to a�ord a car and Sweden soon became the
country in Europe with the most cars per capita. The blossoming car tra�c led to more
bicycle accidents in the cities and the share of trips made by bicycle quickly dropped to 20
percent in Stockholm by the 1970s. At the same time tra�c planners also started to separate
car tra�c and bicycle tra�c and from this point on bicycle tra�c should instead intermingle
with pedestrians. Planning for car tra�c had now become the norm.

At the end of the 1970s,the Swedish Bicycle Association (Svenska Cykelsällskapet)was founded
(Nationalencyklopedin, 2019). The organization worked towards increased bicycling in the
society as well as quality assessment and inventory of bicycle paths.
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According to Everett (2018), this worked to some extent and during the 1980s, after demonstra-
tions against the increased tra�c accidents involving bicycles, cars, and speci�cally children,
the politicians and city planners started to give bicycles their designated paths that wove
together into a network giving bicycles free way.

The decreased bicycling from the 1950s to the 1980s has still not yet recovered and at the
beginning of the 21st century only approximately one billion trips were made by bicycle in
Sweden out of the total 10 billion trips (Nationalencyklopedin, 2019).

Even though there is an increase in bicycling today, the number of people who decides to
commute by bicycle varies from one day to another. A literature overview published in 2010
by Heinen et al. mentions several aspects that a�ect the total usage. These aspects are, for
example, the climate, the environment, and car ownership. In other words, you are more likely
to commute by bicycle if you live in a city with moderate temperatures with few rain-days
that have a well functioning bicycle infrastructure and you do not own a car.

Getting more people to commute by bicycle can also save lives. A study by Johansson et al.
(2017), states that if everyone that lives within 30 minutes of bicycling from work in Stockholm
used a bicycle instead of a car to commute the reduce in air pollution would save 449 years of
life annually.

2.1.2 | Present Situation for Bicycle Tra�c in Gothenburg

According to the latest numbers from Göteborgs Stad (2019a), the city has 813 kilometers
of bicycle paths divided betweenseparated bicycle paths, local bicycle pathsand reduced speed
mixed tra�c streets . In the city, more than 100 000 trips are made by bicycle every day which
corresponds to 7 percent of the total trips made pointing towards a slight increase from the
year before compared with numbers presented in the latestTra�c and Travel Development
Report released by Göteborgs Stad (2017b) as can be seen in Table 2.1.

Table 2.1: The modal distribution since 2011, in percent out of over 100 000 total trips per
day (Göteborgs Stad, 2017b).

By Foot By Bicycle By Public Transport By Car
2017 20 6 28 45
2016 20 6 28 46
2015 21 6 27 46
2014 21 7 27 46
2013 21 6 27 45
2012 22 5 25 48
2011 22 5 25 48

The report states that, even though it is hardly visible in the modal distribution, the number
of trips made with bicycles has increased with 20 percent since 2011 resulting in an average
increase of 3.1 percent per year. Contrary to the overall increase in trips made by bicycle since
2011 the number of trips has decreased since the top notation in 2014. The total number of
trips decreased with 4 percent between 2016 and 2017 making the overall increase since 2011
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9 percent lower than the highest notation. The yearly change between 2011 and 2017 can be
seen in Figure 2.1.

Figure 2.1: Development of total yearly bicycle tra�c in Gothenburg with 2011 as index 100
(Göteborgs Stad, 2017b).

The over 100 000 trips made by bicycle every day within the city is, however, not condensed on
only one road and the number of bicycle passages varies widely from place to place. The city
of Gothenburg has 25 measuring stations to track where the people of Gothenburg bicycles
the most (Göteborgs Stad, 2017b). The larger bicycle paths within the city have the highest
�ows during weekdays as can be seen in Figure 2.2.

Figure 2.2: Average number of bicycle passages during weekdays per measuring station
(Göteborgs Stad, 2017b).
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By evaluating the data collected by the city of Gothenburg's measuring stations it can be
seen that the bicycle mainly is used for transport to and from work (Göteborgs Stad, 2018).
Studying all bicycle passages per hour, four hours stand out in the share of total passages
during 2018 as can be seen in Figure 2.3. These four hours make up the two di�erent commuter
windows with the morning window spanning from 7 AM to 9 AM (07:00-09:00) and the evening
window spanning from 4 PM to 6 PM (16:00-18:00).

Figure 2.3: Hourly share of total bicycle passages in 2018 from 0 to 23 (Göteborgs Stad,
2018).

2.1.3 | Future Vision on Bicycle Tra�c in Gothenburg
In 2015 the city of Gothenburg approved a new strategy program for the bicycle tra�c in
the city called Bicycle program for a close big city 2015-2025(Månson & Junemo, 2015).
The strategy program revolves around a vision of Gothenburg becoming an attractive city for
bicyclists and that the bicycle itself becomes a competitive mean of transport within and into
the city.

In order to ful�ll the vision, two di�erent goals are to be strived for:

ˆ Tripled bicycling in 2025 compared to 2011.

ˆ In 2025, three out of four Gothenburgians sees Gothenburg as an bicycle friendly city.

For the investigation, the former goal of a tripling of the total bicycle tra�c is of interest as
a tripling could lead to increased congestion in the bicycle infrastructure.

Tripling the total bicycle tra�c by 2025 compared to 2011 would require an average yearly
increase of 8.2 percent resulting in a gradually accelerating increase, as is visible in Figure 2.4,
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and would, in the end, require bicycle tra�c to account for 12 percent of the total trips
(Månson & Junemo, 2015).

(a) Development and wanted
development from 2011 to 2017

(b) Wanted development between 2011
and 2025

Figure 2.4: Wanted development of total bicycle tra�c according to Bicycle program for a
close big city 2015-2025using 2011 as index 100 (Månson & Junemo, 2015).

In order to ful�ll the goals, four focus areas have been identi�ed in the bicycle program
(2015) consisting ofInfrastructure, Operation, and Maintenance, Support and Servicesand
Communication. To meet the goals these four focus areas must interact with one another
where the infrastructure for bicycles is coherent, well designed and accessible all year around.
At the same time, the city of Gothenburg should provide support and services that facilitate
bicycling and also communicates what the city is doing to make bicycling in the city more
attractive for the inhabitants.

2.2 | The Theories Behind Congestion Reducing Measures
As the number of bicyclists in Gothenburg presents an increasing trend, the bicycle paths
become more congested which results in longer queues and higher frequency in start-stops.
According to Månson and Junemo (2015) there are di�erent ways to prevent queues and
improve continuous cycling, for instance:

ˆ Tra�c signal gives green light to the bicyclists, and after a few seconds, the other road
users traveling in the corresponding direction get a green light. This con�guration will
not only give a head start for the bicyclist but also enhance tra�c safety as bicyclists
becomes more visible when they are in the middle of the crossings.

ˆ Tra�c lights with detectors that turn green when bicyclists approach a crossing. This
type of system will help bicyclists to enter and pass the bicycle path faster.

ˆ Momentarily all bicycle crossings in a certain intersection get a green light. To give
priority only for bicyclists to pass the intersection, with an appropriate and regular
interval, will improve safety and increase the potential cycle tra�c load.

ˆ Implementation of Green Waves.
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Regarding green wave (GW), GW is a way to optimize tra�c signals in order to minimize
tra�c jam and improve passability for the vehicles, (Wu, Deng, Du, & Ma, 2014). The purpose
is to make it possible for vehicles to drive through an intersection with a certain speed without
the need to stop.

Since the GW concept was �rst introduced in the US in the 1920s it has mostly been used
for motorized vehicles in tra�c intersections (Zyga, 2013). Due to high bicycle tra�c �ow
in Amsterdam and Copenhagen, the concept has been frequently implemented in bicycle
intersections in these cities. Di�erent con�gurations have been tested and implemented in
both Europe and the US. The two main modes are controlled either by sensors or timers. For
sensors, the Green Wave starts when a vehicle approaches a tra�c light. The signal system
detects it by sensors which in turn tells the tra�c light to switch to green. As the vehicle
reaches the next intersection the same procedure can be initiated and the green lights are
rolling forward like a wave, see Figure 2.5. In GW con�gured tra�c light systems the lights
are programmed to prioritize bicyclists to a certain extent in relation to other tra�c.

Figure 2.5: Series of tra�c signals turns green as the bicycle moves forward, a so called
Green Wave. In the �gure, each row is a time step and each column an intersection. Authors'
own copyright.

The GW implementation has positive e�ects on tra�c intersections and its �ow. The ad-
vantages are improved e�ciency, decreased CO2 and NOX emissions, less time in queues and
reduced fuel consumption for motor vehicles (Zyga, 2013). Other bene�ts of using Green
Wave in tra�c control systems could be to control tra�c speed, enable higher tra�c loads
and facilitating bicycle tra�c.

10 , Department of Architecture and Civil Engineering, Master's thesis, ACEX30-19-21



2. Theoretical Framework

2.3 | Simulation Models for Bicycle Tra�c
The volume of bicycle tra�c has �uctuated the last century and the interest in bicycles grew
slow at the beginning of the 20th century before speeding up (Jin, Qu, Zhou, et al., 2015).
One reason for this increase in interest can be derived from the implementation of public bike
sharing. Compared to other transportation modes the bicycle-sharing �eet implies advantages
in availability, comfort, and economy. The other reason for the increment of bicycle trips can
be the higher use of bicycles that is powered by electricity with additional human force. The
increasing interest for bicycles worldwide has led to researches developing simulation models
speci�cally for bicycles to strengthen simulations (Jin, Qu, Xu, et al., 2015).

2.3.1 | Bicycle-speci�c Simulation Models

There have been several attempts at deriving following models speci�cally for bicycles. Accord-
ing to Jin, Qu, Xu, et al. (2015), there have been several di�erent �ow models of bicycle-related
tra�c using cellular automata (cell based simulation model) produced during the 21st century
taking into consideration di�erent simulation scenarios and vehicle types. The models men-
tioned in the report is presented in Table 2.2 and abbreviations used in the table is explained
below.

RB Regular Bicycle
ES Electric Bicycle
NS Nagel-Schreckenberg
EBCA Extended Burgers Cellular Automata

Table 2.2: Dedicated bicycle tra�c �ow models according to Jin, Qu, Xu, et al. (2015).

Researchers Release year Simulation Scenario Vehicle type(s) Bicycle tra�c modeling type
Gould and Karner 2009 Separated bicycle path RB, EB NS
Zhang et al. 2013 Separated bicycle path RB, EB NS
Zhao et al. 2013 Separated bicycle path RB, EB Improved NS
Yang et al. 2013 Separated bicycle path RB NS and dynamic �oor �eld
Jiang et al. 2014 Separated bicycle path RB, EB Improved NS
Jiang et al. 2004 Separated bicycle path RB, EB EBCA
Jia et al. 2007 Separated bicycle path RB, EB EBCA
Li et al. 2008 Separated bicycle path RB, EB EBCA
Vasic and Ruskin 2012 Non-separated roadway and intersection Car, RB NS model and Intersection rule

Zhang et al. 2014 Intersection
Car
RB

NS
EBCA

Luo et al. 2015 Non-separated roadway
Car
RB

NS
Improved NS

Ding et al. 2015 Non-separated roadway
Bus/Car
RB

NS
EBCA

The report also presents a multi-value automata model which is called IEBCA (Improved
Extended Burgers Cellular Automata). This model is appropriate for non-lane-based bicycle
tra�c and is said to be more realistic than the ECBA since the model is taking the maximum
speed of electric bikes into consideration. The model is based on the BCA (Burgers Cellular
Automata) model which has the evolution equation:

Uj (t + 1) = Uj (t) + min (Uj � 1(t); L � Uj (t)) � min (Uj (t); L � Uj +1 (t)) (2.1)

, Department of Architecture and Civil Engineering, Master's thesis, ACEX30-19-21 11



2. Theoretical Framework

Where Uj (t) is the number of vehicles in cell j at time t and L is the number of bicycle lanes.

Additionally, as an e�ect from the increase in both interest and usage of the bicycle during
the last years researchers have also started to look into how to represent the acceleration of
bicycles, a �eld that was previously rather unexplored. By using GPS-trackers on test subjects
Ma and Luo (2016) developed three di�erent models in order to meet the demand.

2.3.2 | Bicycle Simulation in PTV Vissim

The simulation software Vissim, which is later used in this study, provides three/two di�erent
models for car following to use when simulating driver behavior (PTV AG, 2018):

ˆ Wiedemann 74

ˆ Wiedemann 99

ˆ (No interaction)

Wiedemann is a psychophysical car following model that allows for a vehicle to be in one
of four modes of driving,Free driving, Approaching, Followingor Braking. The car following
model a�ects the acceleration of the vehicle which in each mode is a�ected by the speed, speed
di�erence to other vehicles, distance to other vehicles and individual characteristics given to
each driver/vehicle (PTV AG, 2018).

Wiedemann 99 is based on Wiedemann 74 but allows for the user to change 10 di�erent
parameter values (CC0-CC9) which impacts the driving behavior instead of only three. What
each parameter is and what they a�ect is presented in the list below (PTV AG, 2018):

CC0 Standstill distance - states the desired distance between two vehicles at standstill.

CC1 Headway time - Distribution of time in seconds that a driver wants to keep to the vehicle
in front

CC2 Following variation - Changes how much more than the safety distance a vehicle is
allowed to have before forced to move closer to the vehicle in front.

CC3 Threshold for entering Following - A�ects how early a vehicle starts to decelerate before
reaching the safety distance.

CC4 & CC5 Negative and positive Following threshold - A�ects di�erences in speed when
a vehicle is in theFollowing mode.

CC6 Speed dependency of oscillation - Changes how the distance to a vehicle in front a�ects
the speed variation.

CC7 Oscillation acceleration - Changes a vehicle's acceleration when in the oscillation process.

CC8 Standstill acceleration - Changes the preferred acceleration from a standstill.

CC9 Acceleration at 80 km/h - Changes the preferred acceleration when traveling at 80 km/h.

According to Aghabayk, Sarvi, Young, and Kautzsch (2013), the �rst seven parameters are
used when calculating thresholds for following and the latter three are directly used in cal-
culating the driver behavior. The thresholds a�ecting the driving behavior can be seen in
Figure 2.6 and is determined by six equations, Equation 2.2 to 2.7.
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In the equations L is the length of the vehicle in front,v is the speed of the vehicle being
calculated if the vehicle at hand is slower than the leading vehicle otherwisev is equal to the
leading vehicles speed with some margin of error,� x is the distance between the vehicle's
front bumper and the vehicle in front's front bumper, and� is a variable given a value of 1
when the vehicle's speed is greater than CC5, otherwise� is equal to 0.

The desired distance between two vehicles when at standstill (AX) is calculated as:

AX = L + CC0 (2.2)

The minimum safety distance (BX) when following is calculated as:

BX = AX + CC1 � v (2.3)

The upper limit for distance of the following process (SDX) is calculated as:

SDX = BX + CC2 (2.4)

The point at longer distance at which a vehicle perceive that it is traveling faster than the
vehicle in front (SDVi ) is calculated as:

(SDV ) i = �
� x � (SDX ) i

CC3
� CC4 (2.5)

The point at shorter distance at which a vehicle perceives that it is traveling faster than the
vehicle in front is calculated as:

CLDV =
CC6
17000

� (� x � L)2 � CC4 (2.6)

The point at shorter distance at which a vehicle perceives that it is traveling slower than the
vehicle in front (OPDV) is calculated as:

OPDV = �
CC6
17000

� (� x � L)2 � �CC 5 (2.7)

Figure 2.6: Thresholds a�ecting the driving behavior of vehicles according to Wiedemann
(PTV AG, 2011).
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According to COWI (2013), bicycle tra�c should due to its complexity be simulated using
Wiedemann 99 when using PTV Vissim since Wiedemann 99 allows for more precise changes
in the driving behavior compared to Wiedemann 74.

In addition to the following model used, also parameters a�ecting lane change a�ect the driving
behavior of a vehicle (PTV AG, 2018).

2.4 | General Information on Intersections Being Studied
In the study, bicycle crossings located within three di�erent areas of varying size were studied:

ˆ Nya Allén including seven intersections

ˆ The intersection between Annedalsmotet and Dag Hammarskjöldsleden

ˆ The intersection between Skånegatan and Ullevigatan

Together the three areas give an opportunity to evaluate di�erent measures to reduce fu-
ture congestion and at the same time o�er the opportunity to analyze the bicycle tra�c in
Gothenburg on a wider level.

2.4.1 | Intersections along Nya Allén
Nya Allén stretches from Ullevigatan to Järntorgsgatan, as can be seen in Figure 2.7, providing
a connection for bicycle tra�c between the north-eastern and the south-western parts of the
city center mostly running through park areas. Nya Allén is a part of the bicycle commuter
network in Gothenburg (Månson & Junemo, 2015) and was Gothenburg's �fth most tra�cked
bicycle path in 2017 (Göteborgs Stad, 2017b). Due to its many signal controlled crossings,
Nya Allén gives the opportunity to evaluate the implementation of a green wave for the bicycle
tra�c in segments.

Figure 2.7: City of Gothenburg with Nya Allén marked in blue stretching from Ullevigatan
(A) to Järntorgsgatan (B) with investigated intersections shown as red dots (Google Maps,
2019m).

Excluding the intersections located at the beginning and the end of Nya Allén the bicycle
path has seven intersections using signal controllers for safe passages, shown in Figure 2.7 as
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red dots. Nya Allén consists of bidirectional bicycle paths located on each side of the one-way
road with the path closest to Parkgatan being the one studied as it stretches all the way to
Järntorget whereas the other side ceases to exist at Pusterviksgatan.

Following the road from point A to B, as de�ned in Figure 2.7, the �rst intersection studied
is the intersection between Nya Allén and Sten Sturegatan, shown in Figure 2.8.

Figure 2.8: Intersection between Nya Allén and Sten Sturegatan (Google Maps, 2019f).

The intersection is a T-intersection for motor vehicles where the bidirectional bicycle path
crosses the connecting road (Sten Sturegatan) and continue south. Additionally, there is a
bidirectional bicycle path connecting the two sides of Nya Allén in the northern part of the
intersection creating a two-dimensional �ow for the bicycle tra�c. The intersection is tra�cked
by public transport in the form of buses traveling along Nya Allén.

All bicycle crossings are signal controlled and are given green light in conjunction with the
motor vehicles traveling in the corresponding direction.

Continuing along the road, the next intersection is between Nya Allén and Södra Vägen (shown
in Figure 2.9). The intersection is identical to the previous one regarding crossings for bicycles
and the associated turning options but for car tra�c, the intersection is tra�cked by public
transport in the form of buses traveling both along Nya Allén as well as turning onto Södra
Vägen towards Heden and vice versa.
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Figure 2.9: Intersection between Nya Allén and Södra Vägen (Google Maps, 2019g).

Less than 100 meters south-west lies the next intersection between Nya Allén and Kungsport-
savenyen as shown in Figure 2.10.

Figure 2.10: Intersection between Nya Allén and Kungsportsavenyen (Google Maps, 2019c).

The intersection is a four-way intersection tra�cked by public transport in the form of trams
and buses. Regarding the bicycle tra�c, there is a bidirectional crossing on both sides of
Nya Allén with the southernmost being the one being studied. Additionally, there are two
one-directional bike lanes connecting on each side of Kungsportsavenyen running in the same
directions as the other tra�c.

Trams are given priority in the intersection and all tra�c is controlled by signals where bicycles
are given green light in conjunction with the corresponding motor vehicles.

Continuing along the path, the next intersection is Nya Allén - Raoul Wallenbergs Gata,
as visible in Figure 2.11, which is a four-way intersection with the same properties as the
intersection between Nya Allén and Kungsportsavenyen. The intersection is during the time
of the study a�ected by roadwork on the northern side of the intersection eliminating the
possibility for motor vehicles to travel in the north-south direction, thus not allowing trams to
tra�c the intersection during the study. In order to get a more realistic result, the simulation
will take the north-south tra�c into consideration based on previous conditions.
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Regarding the bike lanes, the easternmost connection has two one-directional connections
leaving the main bidirectional bike lane using the same signal control and the westernmost is
a one-directional connection for merging with the main lane. All directions are given green
at the same time as the corresponding motor tra�c which at the moment is time-based but
trams used to have priority in the intersection and will, therefore, be simulated as such.

Figure 2.11: Intersection between Nya Allén and Raoul Wallenbergs Gata (Google Maps,
2019d).

The �fth intersection along Nya Allén is the intersection between Nya Allén and Viktoriagatan
(see �gure Figure 2.12). The intersection is identical with the previous intersection in terms
of properties but is not a�ected by any road work during the study.

Figure 2.12: Intersection between Nya Allén and Viktoriagatan (Google Maps, 2019h).

Intersection number six along Nya Allén is between Nya Allén and Sprängkullsgatan where
Viktoriabron connects to Nya Allén from the north (see Figure 2.13).
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