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Summary of thesis contents
This thesis describes a new framework for conducting controlled driving behavior studies
based on multiuser networked three-dimensional (3D) virtual environments. The framework
supports (a) the simulation of multiuser immersive driving, (b) the visualization of interactive
surrounding traffic, (c) the specification and creation of reproducible traffic scenarios, and (d)
the collection of meaningful driving behavior data. Thus the framework allows traffic
engineers to investigate complex traffic situations that depend on the interaction between
multiple drivers. The framework is used to investigate the ‘rubbernecking’ phenomenon, which
refers to the slowing down of a driver due to an accident on the opposite side of the road, and
its effect on the following drivers. The main contribution of the thesis is two-fold. First, we
developed the Scenario Markup Language (SML) as a practical tool to specify dynamic traffic
situations (e.g. an accident). Second, we designed the SML Framework to simulate interactive
ambient vehicles in a multiuser driving simulator and to ensure the reproducibility of particular
traffic situations, so that traffic engineers can obtain comparable data and draw valid
conclusions. To demonstrate the effectiveness of our framework, we collaborated with traffic
engineers to specify the traffic accident scenario in SML and to conduct a study on the
rubbernecking phenomenon.

In Chapter 1, main stream of alternative approaches for driver behavior experiments are
introduced, and their relative pros and cons are discussed. Then, the importance of multiuser
driving simulators and of simulating realistic traffic scenarios to create predictable experiences
for human participants in driver experiments, are discussed. Next, the challenges in simulating
realistic traffic scenarios in driving simulators are introduced.

In Chapter 2, related works are introduced in various areas related to this research. We
specifically review the techniques used for simulating ambient traffic in driving simulator
environment, scenario authoring as high level specification, scenario control system
implementation, and intermediate mapping representations that maps high level specification
to scenario implementation.

Chapter 3 describes the motivating traffic phenomenon called “rubbernecking’ and the tagging
structures of the Scenario Markup Language (SML) by walking through an example from our
target traffic situation, the specification of an accident using the Scenario Markup Language.

Chapter 4 covers a description of the SML Framework. Here we show how the framework has
been designed on top of our in-house three dimensional (3D) virtual environment technologies.
It presents the approaches utilized for a) simulating multiuser immersive driving in 3D virtual
environment, b) simulating ambient traffic in a multiuser driving simulator, and c)
implementing the intermediate representation mapping and scenario control scheme. In



(GieR= 2)
(Separate Form 2)

addition, we provide the details of how research and technical challenges are addressed.

Chapter 5 demonstrates the effectiveness of the framework, with a multiuser driving behavior
experiment on the rubbernecking effect, using SML Framework. It reports on the results of our
study from two viewpoints: (a) the reproducibility of the traffic accident situation (i.e. state
variables of interest are recreated successfully in 78% of the cases), and (b) the interactive
car-following behavior of human subjects embedded in the traffic situation of the virtual
environment. Chapter 6 summarizes the research work and concludes the thesis.
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