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Preface

Dear reader,

This graduation thesis signifies the final part of my master Construction Management &
Engineering and represents the pinnacle of my achievements at Eindhoven University of
Technology. My research project aims to contribute to more sustainable mobility by
stimulating cycling, | believe bicycles arethe most future- proof transportation mode currently
in existence. The Netherlands should share its cycling experiences as a frontrunning country
with the world. Being a Dutch student at a Dutch university, this is one of the motivations to

conduct this research about the microsimulation of cyclistsE behavior. When | started
developing the goals for this research, | did not comp letely know what to expect. During this
project | learned many new skillsin topics | never touched before.

This graduation project was primarily created from my own home due to the restrictions
caused by the coronavirus pandemic. Despite only collaborating online during the entire
project, | had a very pleasant collaboration with my supervisors Dujuan and Milos. They
provided useful feedback, offered valuable suggestions and kept me on the right track. | also
had interesting discussions with Herbert and Rik from the City of Utrecht. The project was
executed in collaboration with the City of Utrecht and therefore | hope they can use the
outcomes in their future sustainable mobility projects.

With the completion of this graduation project | am finishing my time at Eindhoven University
of Technology. | am glad my famil y has always supported me in my decisions that led me to
this point. Studying at TU/e has been a wonderful part of my life, during which | made many
new friends and memories. From the very beginning in 2014, | met my now closest friends
from Bouwkunde. | feel like we have been walking this path together by stimulating each other
to get the best out of educational and social endeavors . Also, study association CHEOPS has
certainly brought melots of good times as a student, from the amazing members and countless
study trips , to the outstanding year we formed the 31% board. AlImost my entire study time |
have been part of hockey team De Joepies, playing and partying with them truly contributed to
my awesome student life. Finally | would like to mention Tara, who kept motivating and
distracting me, especially while working at home. From the peoplein my hometown Elst to my
exchange in Taipei, | would like to thank everyone who contributed to the unforgettable
moments | experience d during my life as a student .

Sven Thijsen,
April 2021
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Microsimulation of cyclists' behavior Abstract

Abstract

Because of the numerous benefits of cyclingas a sustainable transportation mode governments

worldwide have increasing interest in cycling.Under st anding and being able
behavior is essential if citieswant to accommodate increasing numbers of cyclistsin the future.

When a representative behavioral modelexists, scenario evaluation can b@erformed to test which
measuresare most beneficial to implementin a certain area However, the research and knowledge

on cyclistsH behavior is stil | vioriThisresealchpresemsar ed t
i nnovate methods to model cyclistsH Dbehavior i n
behavioral model, GPS data was collected by conducting an unconstrained cycling experiment. The

validated behavioral model is applied toa high-density cycling area in the City of Utrecht. Various

scenarios are formulated to assess the impact of traffic demand and infrastructure designs. Besides
area-specific insights for the investigated network, the evaluation of scenarios showed that tie
microsimulation model is able to extract high resolution data. For a detailed consideration of, the

impact of spatial interventions on different transportation modes or routes. This research also

revealed the potential of applying multimodal microsimulation to evaluate and visualize future

urban developments.

Keywords

Mi croscopic traffic simulation; cyclistsH behavio
travel time evaluation.
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Microsimulation of cyclists' behavior Summary

Summary

Many governments worldwide aim to stimulate active transportation , because this contributes to a

healthy lifestyle for its citizens and supports sustainability goals to reduce air pollution Cycling
presents many advantages over cars and public transportatiorin terms of energy use, air and saud

pollution, physical and mental health, and reliability of travel times.Cycling is also more space
efficient and cheaper in terms of ownership and infrastructure than most transport modes.
Compared to walking, cycling is faster and therefore offers a largerange of destinations.Investing

in cycling infrastructure can support cities in their current mobility challenges. To justify these
i nvest me n tbhehaviomlymodel sah kefbf great value to cities to gea detailed insight in

traffic flows or travel times.

Even though the use of bicycles and interest in cycling is increasing in citiggorldwide, the research
on bicycle traffic behavior still is limited compared to motorized traffic. Understanding and being
able to model c y c | ial # titeHvarh ® hc@ommadate iricreasirg sisnbenstof
cyclists. This research aims to evaluate the impad of traffic demand and infrastructure design on

cyclistsH behavior, using mi cr doasedoapd an areebased f i ¢

behavioral model are calibrated for cyci st s H lnerhfiicwsimolation software Vissim. To
ensure the compatibility of these two models, a custom scriptwas written that allows a transition
between both types of behavioral models.

To validate the behavioralmodels, GPS data was collected by conducting an unconstrained cycling
experiment. Over 350 km of naturalistic cycling data was collected from 11 participants, of which 7

S i

drove a fregularfbicycle and 4 an electric bicycleThe processeddata was use to valilatec y ¢ | i st s H

desired speed, acceleration and speed reduction in turns and shared space

The validated behavioral model was applied to a casstudy area in the City of Utrecht. The area
around Jaarbeurspleinvill be transformed into a high-density, mixed-use extension of the city center
with a high presence of cyclists Available traffic data was used to estimate the traffic demand for
various scenarios.Besides a base network and a future network,spatial variations were considered

to evaluate the impact of urban infrastructure designon cyclistsibehavior. These variations in traffic
demand and infrastructure supply yieldedeleven scenarios that were simulatedin Vissim.

Specifically for the case study area, the evaluation of the scenarios showed inteséing results for
certain locations. Explaining how the planned developments can have a dissimilar impact on
different routes or transportation modes. The overall results of this research revealed the potential
of microsimulation of multimodal traffic. In terms of evaluation, these modeling methods provide a
very high resolution of data, with the possibility to extract detailed data units. Furthermore, three-
dimensional visualizations open opportunity areas for more intuitive design and tangible citizen
participation. Limitations of this research includethe absence of proper traffic data and validation
of interaction behavior. However, technological advancements in data collection and simulation
power will increase the feasibility of large scale (cyclingjraf f i ¢ si mul ati on.
models can be used to justify investments that stimulate cycling, contributing to a morasustainable
transportation system and comfortable living environment.
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Samenvatting

Wereldwijd stimuleren veel overheden actief transport, omdat dit bijdraagt aan een gezonde

levensstijl voor de inwoners en helpt bij duurzaamheidsdoelen voor het verminderen van

luchtvervuiling. Fietsen biedt veel voordelen ten opzichte van auteervoer en openbaar vervoer,op

het gebied van energieverbruik, lucht en geluidsvervuiling, lichamelijke en geestelijke gezondheid
en betrouwbare reistijden. In eigendom en infrastructuur is fietsen ook ruimtebesparender en

goedkoper dan de meeste vervoerswijzen.Vergeleken met wandelen is fietsen sneller en heeft

daardoor een grotere actieradius. Investeren in fietsinfrastructuur draagt bij aan het oplossen van

huidige mobiliteitsuitdagingen in steden. Om deze investeringen te onderbouwen, kunnen

fietsgedragsmodellenvan grote waarde zijnom inzicht te krijgen in verkeersstromen of reistijden.

Hoewel het fietsgebruik en de belangstelling voor fietsen in stederover de hele wereld toeneemt,
is onderzoek naar fietsverkeer nog beperkt vergeleken met gemotoriseerd verkeer. Het begrijpen
en modelleren vanfietsgedragis essatieel voor steden die te maken hebben met een toenemend
aantal fietsers. Het doel van dit onderzoek is om de invioeden van de verkeersvraag en
infrastructuur op het gedrag van fietsers te evalueren met behulp van microscopische
verkeerssimulatie. Zowel eenlane-based als een area-based gedragsmodelzijn in simulatiesoftware
Vissim gekalibreerd voor fietsgedrag. Om deze modellen samen te gebruiken, is een script
geschreven dat een overgang tussen beideypen gedragsmodellen mogelijk maakt.

Voor het valideren van de gedragsmodellenzijn GPSgegevens verzameldmet een orbelemmerd
fietsexperiment . Ruim 350 km natuurlijke fietsdata isverzameld van 11 deelnemers, waarvan 7 op
een fyewonefffiets en 4 op een elektrische fiets. De grwerkte gegevens zijn gebruikt om de
gewenste snelheid, acceleratie en snelheidsverminderingn bochten enshared spacete valideren.

Het gevalideerde gedragsmodel is toegepast op eepasestudy gebied in de gemeente Utrecht. Het
gebied rond het Jaarbeurspleirwordt getransformeerd als een uitbreiding van de binnenstad met
hoge dichtheid, gemengdefuncties en een grote aanwezigheid van fietsers. De bescikbare
verkeersdata is gebruikt om de verkeersvraag voor verschillende scenario's in te schatten. Naast
een basisnetwerk en een toekomstig netwerkzijn ook ruimtelijke variaties meegenomen bij het
evalueren van de impact van infrastructuur ontwerp. Deze variaties in verkeersvraag en
infrastructuur -aanbodresulteerden in elf scenario'sdie in Vissim zijn gesimuleerd.

Specifiek voor hetcasestug gebied heeft descenario evaluatievoor bepaalde locaties interessante
resultaten opgeleverd. Deze maken duidelijk hoe geplande ontwikkelingen op verschillende routes

of vervoerswijzen een andere impact kunnen hebben. Het onderzoeksproces laat de potentie zien

van multimodale microsimulatie, deze methoden bieden een zeer hoge dataresolutie en maken het

mogelijk gedetailleerde eenheden te meten. Bovendien bieden driedimensionale visualisaties
kansen voor intuitie ver ontwerpen en toegankelijke burgerparticipatie. Beperkingen van dit

onderzoek zijn onder meer het ontbreken vande juiste verkeersdata en de validatie van gedrag bij

interactie s. Door technologische vooruitgang op het gebied vardataverzameling enrekenkracht

wordt grootschalige (fiets)verkeerssimulatie steeds uitvoerbaarder. De fietsgedragsmodellen
kunnen worden gebruikt om fietsstimulerende investeringen te verantwoorden die bijdragen aan
een duurzaam vervoerssysteemen een comfortabelere leefomgeving
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1. Introduction

Traffic simulation models can be used to This op ening chapter will introduce the
test and evaluate the impact of different context and problem statement that
planning measures on the traffic flow. Due inspired to conduct this research. Based on

to rapid urbanization and population the observed research gap, a main research
growth, many cities are facing guestion is established and sub - questions
environmenta |, health and spatial are presented. From these sub - questions ,
challenges. Because of the numerous the corresponding researc h phases are
benefits of cycling, governments worldwide explained. The chapter structure will give
have increasing interest in cycling. insight into the setup of this report.

However, the research and knowledge on

$=%0+787£ #&)":+36 +7 78+00 0+1+8&% $314"6&%
to motorized traffic behavior. Increased

insight in  modeling $=%0+787¢ #&)": +36

would provide a better justification for the

planning of new cycling infrastructure.









































































































































































































































































































































































































