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Microscopic traffic flow approach has been given more importance in recent years in solving traffic and
safety engineering problems. It has two major applications, first in simulation modeling where car
following model amongst others controls the motion of vehicle in the network, and second in advance
vehicle control and safety system (AVCSS) that is being introduced as a driver safety aid in an effort to
minimize traffic accidents due to human errors. In the last five decades, a large number of car following
theories has been developed in an effort to imitate the car following behavior more precisely. Although
some of these models have been calibrated and validated also, the confusions on their performances are

still prevailing as there is not much effort made towards reaching a common understanding in this regard.

This study has proposed a broader framework for the calibration and validation of microscopic
traffic flow theories in the light of the latest advancements in data collection and optimization techniques.
For the reliable measurement of traffic flow variables in field, several car following experiments were
conducted in a test track using ten test vehicles equipped with RTK GPS receivers. To emulate real world
traffic conditions various driving patterns were tested for the lead vehicle and their influence on car
following behavior were analyzed systematically to attain more consistency and reliability. As one of the
latest advancement in random search technique, genetic algorithm is implemented and compared with

other conventional optimization techniques to identify the optimum values for the model parameters.

This study has mainly contributed in two research areas, first human factor with a particular focus
on drivers’ perception response time in car following process and drivers’ sensitivity factor to stimulus,
and second calibration and validation of microscopic traffic flow theories with a more in depth analysis of
the GM model. The dissertation is organized in six chapters, Chapter 1 introduces the background,
problem statement, objective, scope and limitations of this study. Chapter 2 summarizes the related
literatures covered under five different subheadings: traffic flow theories, car following ekperiments,
global positioning system, optimization techniques and statistical tools, Chapter 3 presents the details of
car following experiments conducted in a test track and is organized under eight different subheadings:

experiment location, equipments used, drivers’ characteristics, driving conditions, post experiment data
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processing, precision of measurement data, data compilation and data samples. Chapter 4 presents a
broader framework for this study that includes approaches used and the underlying assumptions to cover
the topics like, estimation and analysis of instantaneous response time and corresponding sensitivity
factor, calibration and validation of microscopic models in general and the one specific to the GM model
only, and stability analysis of the platoon. Chapter 5 presents the analysis results on investigation of
human factors and stability analysis of platoon. The variations in instantaneous perception response time
are investigated and characterized using probability distribution function. Chapter 6 presents the results
on the performance evaluation of microscopic traffic flow models under the subheadings: identification of
model parameters, speed based evaluation, and headway based evaluation. Chapter 7 presents the analysis
and results on the calibration of the GM model. It includes identification of model parameters, influence
of driving conditions, and characterization of sensitivity parameters. Chapter 8 concludes this dissertation,
highlighting the main contributions of this research along with recommendations for future research
directions.

Some of the useful contributions are: 1) implementation of instantaneous response time concept and
corresponding sensitivity factor in analyzing the car following behavior, 2) statistical analysis of the
influence of the factors like, speed patterns, drivers’ position in the platoon, and individual drivers’
performance etc. on the driving behavior, 3) set up a general methodology to evaluate the performance of
microscopic traffic flow models, 4) performance evaluation of some car following models (from four
different groups) based on how good they fit with RTK GPS measurements, 5) set up a broader
calibration scheme to calibrate the GM model parameters in a consistent manner, 6) characterization of

the GM model parameters, 7) experimental analysis of the numerically defined stability criteria.

The major outcome of this study are: 1) a large number of instantaneous response time and
corresponding sensitivity factor are estimated and analyzed, 2) statistical analysis have shown that
interpersonal variations are dominant factor, while other factors such as speed patterns, drivers’ position
in the platoon does not have much influence on response time and sensitivity factor, 3) all the seven
models tested approximate the speed measurements better than the headway measurements, 4)
interpersonal variations are influential than inter model variations, 5) the optimal values for the GM
model parameters are sensitive to the approaches and driving conditions used for calibration, 6) the GM
model parameters are identified for various driving conditions with improved consistency and reliability,
7) the sensitivity parameters of the GM model fit well in loghormal function, 8) the average response of
the drivers fall near the boundary line betweén stable and unstable regions of the numerically derived

criteria.

As a future expansion to this study, several other microscopic models particularly those used
simulation programs can be evaluated for their effectiveness in representing microscopic driving behavior.
It would be better to have a well defined data sharing system that will help the research communities to

lead traffic studies toward a more practica! and consensus conclusions.
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