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Abstract

In this dissertation, based on the existing macroscopic
and microscopic models for traffic flow, several improved
mathematical models in accordance with the rapid
development of Intelligent Transportation System (ITS) are
proposed, and the corresponding theoretical analysis and
numerical simulation are performed. In addition, the
relationships between macroscopic and microscopic traffic
models are examined, in which emphasis is particularly laid
on the investigation of the various nonlinear density waves in
traffic flows. The contents of the dissertation are as follows.

I. A novel concept about the variable security gap and
effective gap are introduced into the original NaSch cellular
automata model, resulting in several improved CA models.

With the consideration of the influence of leading car on
the following one, the effective gap is introduced into the
original NaSch cellular automaton model, and a novel concept
about the variable security gap is proposed. The security gap
was regard as a minimum constant in previous work, while we
claim that it is variable according to the velocity of the studied
car, that is, a faster car needs longer security distance to its
leading car compared with a slower one. Through simulation
we determined the proportional constant in the relation
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between the variable security gap and the velocity of studied
car, named as speed adjusting coefficient for security gap,
which should be taken as r = 0.5. In this way, a new
model — variable security gap NaSch model is established.
With the aid of the model, we studied further the effect and
differences brought about by the different orders of the
randomization step in the evolution rule, and put forward a
new cellular automaton model — variable security gap
sensitive driving model. The simulation results indicate that
the maximum flow deduced by the above modified models are
larger than that by the NaSch model and moreover the
maximum flow of the latter is in better agreement with the
observed data. A novel cellular automaton model for traffic
flow on highway is thus proposed by considering Intelligent
Transportation System (ITS), called the cooperative driving
cellular automaton model. It includes some factors related to
real traffic such as the effective gap, brake light, and the
variable security gap. The simulation results show that the
mixed traffic flow related to two different maximum
vehicular velocities is considered. Even few slower vehicles in
faster vehicle flow will lead to the drastic decreasing of flow
rate, which demonstrates the necessity to implement strictly
special fast-car lane. In addition, we suggest the appropriate
number of front vehicles providing information, which could
be demonstrated theoretically by the car-following model and
lattice hydrodynamic model as shown in the following
chapters. The cooperative driving could lead to the
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improvement of traffic flow, which further indicates that the
ITS is one of the effective ways to develop modernized
transportation.

II. Three versions of car-following models are
investigated, from which the unified solutions for the KdV
and mKdV equations are derived.

We have investigated three different forms of equations
for formulating the car-following models: the first-and
second-order ordinary differential equations, and the
difference equation. In general. the behavior of traffic flow
shows distinct characters in the following three different
regions: the stable, metastable and unstable ones. Different
nonlinear wave equations are derived to describe the
corresponding density waves, among which the Burgers, KdV
and mKdV equations depict the density waves appearing in
the three distinct regions respectively. The processes of
deriving the nonlinear wave equations for the three versions
are not all the same. Through meticulous comparison, the
unified equations and their solutions for the three versions of
equations are given. If we could obtain the coefficients of the
unified equations, the results will be worked out by
substituting them to the unified solutions. Under the same
conditions, we could get the same results as those in previous
work, which demonstrates the validity of our unified
equations and their solutions. Moreover they are applied to
analyze the generalized car-following models (such as the Full
Velocity Difference Model proposed by Jiang and Wu) and
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the corresponding KdV and kink-antikink soliton solutions
could be quickly obtained, which proves the effectiveness and
straight forwardness of the unified formulation presented
herein.

III. The cooperative driving car-following model is
proposed by incorporating the concept of ITS in traffic flow
and considering the influence of the behavior of more vehicles
ahead on traffic flow. The nonlinear characteristics of
density waves appearing in the metastable region and unstable
region are studied in detail respectively.

In the light of constructing a cooperative driving system.
we give a novel form of optimal velocity function, in which
the relation between the vehicles ahead and the vehicle
motion is nonlinear, taking into account the non-local effect
and regarding the vehicles ahead as a whole. The neutral
stability line is obtained by using the linear stability analysis
and the KdV equation and mKdV equation are derived
through nonlinear analyses. Asn = 1, the result is consistent
with that in previous work. The results of numerical
simulation are presented to illustrate the theoretical
conclusions. Theoretically, utilizing the information of more
vehicles in front leads to the stabilization of traffic systems,
while the information needed to be received and transacted
will be much more. The simulation results confirm that the
stability analysis for the cooperative driving car-following
model is correct and give the optimal state asn = 3, that is to
say,only the information of three cars ahead is sufficient for
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