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The behavioral impacts of uncertain access to free floating bicycle services

E4N EEH
i I (7 7 E ADFHEMRNT U —7 10— MO =754 7 VOB b 1= b I8 B 5 50

GRXANEDOEET)

Free-floating bicycle sharing (FFBS) schemes have been praised as a great new addition to the
urban mobility landscape and it is seen by some as a key solution to urban mobility problems.
However, FFBS is still an emerging technology with insufficient research and regulations.

This research focuses on the access to a randomly located bicycle from a person’s origin and it
has three main objectives. Firstly, it aims to develop a mode choice and bicycle flow model for a
typical case such as morning commute scenarios, when the number of available bicycles is
reducing over time. In that case, the access time depends on the competition for available bicycles
as well as the distribution of demand and bicycles. Secondly, it aims to quantify the access
distance to free-floating services considering the density and distribution of travellers and
bicycles. A focus is on the effect of different information seeking and reservation strategies of
travellers. Thirdly, a survey methodology is developed to obtain the required simulation
parameters. The results can be fed back into the simulation for practical case studies.

The thesis is organized as follows.

Chapter 1 Introduction

Chapter 1 describes the background of bicycle sharing development. The impact of bicycle
sharing on urban managenment, on user behaviour, and theoretical as well as practical challenges
are also introduced. These serve as the motivation for the thesis. Chapter 1 ends with the objective
and outline of this thesis.

Chapter 2 Literatu rereview

Chapter 2 reviews the development of various literature on bikesharing, assignment
methodology, simulation structure, and survey. With the emergence of free-floating vehicle
service startups around the world, researchers have applied a variety of methods for studying user
preferences, usage pattern, and the resulting impacts of bikesharing. However, it is found that
there is limited research aiming to analytically describe the evolving spatial fleet distribution of a
sharing system. The lack of reflecting the microscopic dynamics of free-floating bicycles is
identified and becomes the focus of this research. Simulation approaches of free-floating bicycles
are also reviewed.

Chapter 3 Assignment with free-floating

Chapter 3 provides firstly a table of notations and basic assumptions for the subsequent
sections. The general formation of the link-cost function is deducted first and followed by a
step-by-step deduction of the access distance as the innovative link cost functions. The key
concepts for FFBS are modelling the uncertain distances to reaching an available bicycle. To
achieve this, random-random (RR) and centroid-random (CR) distances are deducted based on
firstly a (1, 1) scenario to (1, n) and finally a (4, n) scenario, where n stands for the number of
users and /4 for the number of available bicycles. The RR distance describes access costs from an
individual’s activity place to bicycles; the latter describes access costs from a central point, such
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as a public transport station, to bicycles. The rationale and limitations of the derived formulations
are discussed, together with the explanation of other assignment approaches used for comparison.

Chapter 4 Basic simulation and comparison against assignment

In Chapter 4, the basic simulation structure is explained. The results of both simulation and
previous mentioned assignment are compared. Small scale case studies comparing the two
approaches under different OD matrix and bicycle supply patterns are conducted as examples.
Finally, contributions and limitations are discussed.

Chapter 5 Discrete-event simulation

In Chapter 5, the simulation structure is extended. This is followed by an introduction of our
own simulation framework, including an explanation of the types of travellers distinguished in
this study. Travellers with different levels of activeness in smartphone usage during the
vehicle-seeking process are categorized. In “Event Separations” the decision-making process of
different types of travellers is separated into events in order to reproduce these in the agent-based
model (ABM) with discrete-event simulation (DES). Simulation settings and evaluation criteria
are explained thereafter, and results are discussed in the following section before conclusions are
derived in the final section of this chapter.

Chapter 6 Survey

In Chapter 6, a survey is introduced with the objective to obtain some of the parameters that are
found to be important from the theoretical simulations in the previous chapter. The detailed
objectives of this survey and the art of designing corresponding questionnaire are explained. Eight
random generated map figures are presented to the respondent that resemble the information
respondents see on mobile phone applications when reserving a bicycle. In each figure, six
alternatives are presented, and each alternative has, besides its location, attributes such as price
and its level of “riskiness” which describes how quickly a bicycle might be taken by another user.
Specific efforts are made to guarantee no obviously better alternative is generated in each figure.
In the analysis, the correspondents are firstly categorized through a latent class analysis. The
discrete choice analysis is conducted firstly through MNL (multinomal logit modesl) and
advances to Nested Logit models to study the relationship and preferences of each attribute. This
is followed by a study of the interaction of scenario attributes and socio-demographic attributes.
Conclusions from the survey are derived in the final section of this chapter.

Chapter 7 Conclusions and furtuer work

Chapter 7 summarizes main findings of this thesis and points out the limitations. Overall, it is
highlighted that this thesis contributes to unveiling the fundamental changes of space perception
of urban travellers. The importance of how the mobile phone is used to navigate uncertainties are
discussed. Another main conclusion is the importance of matching the distribution of bicycles and
demand. The effect of the mismatch in terms of travel time, mode choice and failure to obtain a
bicycle could be quantified. This thesis provides the basis to improve software implementations
of network flow models with free floating services. A complex pioneering study with
methodology formulation, simulation verification, and a complementary survey are the main
contribution of this research.
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