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sideration of lane-changing aggressiveness of each individual. The effect of lane-changing
aggressiveness parameter on traffic stability is derived through employing linear stability
analysis with finding that the driver’s lane-changing aggressiveness has an important
impact on the stability of the traffic flow in a two-lane system. To describe the phase tran-
L sition, the mKdV equation near the critical point is derived by using the reductive pertur-
Traffic flow stability . . .. R . .
Lattice model bation method, with obtaining the dependence of the propagation kink solution for traffic
Lane-changing aggressiveness jams on the lane-changing aggressiveness. It can be concluded from the phase diagram of
Numerical simulation stability criterion that the higher lane-changing aggressiveness leads to a more stable traf-
fic flow. In addition, the stabilizing effect of the optimal current difference weakens grad-
ually with the increasing of the lane-changing aggressiveness adjusting coefficient, even
vanishes when the value of lane-changing aggressiveness adjusting coefficient is greater
than a critical value. Theoretical conclusions are also confirmed by the numerical
simulations.
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1. Introduction

In recent years, the traffic flow problems have become one of the most concern issues in our daily life and have been
widely studied by scientists with different background. Confronting the seriously traffic problems, the governments of
the world have taken a variety of countermeasures with poor effects from these measures of traffic engineering [1,2]. At
the same time, some scholars have been trying to understand the nature governing the traffic flow using theoretical
approaches. The approach of mathematics would like to develop models of traffic incorporating only the most essential
ingredients which describe the general features of real traffic fields, and there are three different conceptual frameworks
for modeling traffic: microscopic model, mesoscopic model and macroscopic model, according to the details of the different
descriptions of traffic flow.

Lattice hydrodynamic models proposed by Nagatani [3-4] are some of the well-known and favorable macro hydrody-
namic models revealing the dynamic evolution of traffic congestion. The original version of the lattice models is that a driver
adjusts vehicle velocity according to the preceding headway. Based on this, many extended versions of lattice hydrodynamic
model of single-lane have been proposed to incorporating different traffic factors, such as different driving behaviors
[5,6,10], cooperative driving [7-9,13] backward-looking effect [11,12], slope effect [14], density difference effect [15,27],
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flow shift function [26], asymmetric effect [28], optimal current difference [29] etc. The theoretical analysis and simulations
of these extended models of single-lane not only provide deep exploring into the properties of this kind of model but also
help in better understanding the nature of the complex phenomena observed in real traffic fields.

However, the characteristics of the traffic flow has been mainly studied for lattice models of single-lane, and recently
some researcher try to expand the original idea to the traffic flow modeling on two lanes. Although two-lane lattice models
are evolved from single-lane models, there are some different characteristics in two-lane models. Under the circumstance of
two-lane traffic, the lateral effects should also be taken into account to establish two-lane model apart from the effects in
front. Nagatani [16-18] first extended his model to a two-lane highway and analyzed the stability of two-lane traffic flow
with concluding that the critical point, the coexisting curve, and the neutral stability line decrease with increasing the rate
of lane changing. After that, Wang et al. [19] considered the flow difference effect and proposed a modified lattice two-lane
traffic flow model. Taking into account the optimal current difference, Peng [20-21] introduced a lattice hydrodynamic
model and gave the conclusion that the new consideration has an important impact on the traffic jams. Also, Peng [22] pro-
posed a two-lane driver anticipation effect (DAE) model focusing mainly on the stability analysis of two-lane traffic flow
with the driver anticipation term. Moreover, Gupta and Redhu [23] incorporated the anticipation effect in sensing relative
flux and presented a new lattice hydrodynamic model for two-lane traffic system.

In real two-lane traffic, lane-changing behaviors usually occur when the traffic density is different on two lanes. When a
leading vehicle prevents its following ones from moving fast, the following vehicles attempt to overtake the leading vehicle
by changing the lane. When the lane changing rules are satisfied, lane changing behavior occurs. Actually, the lane changing
rules are different according to different driver psychological and traffic states. In 2003, Kurata et al. [24] presented three
different lane changing rules for a vehicle running on the two-lane highway according to the velocity difference between
the considered vehicle and its preceding one, its headway and the lateral distance between the considered vehicle and
the preceding vehicle on the neighboring lane. Moreover, Zhang et al. [25] advised other lane changing rules of vehicle on
the basis of its headway in comparison with the lateral distance on the neighboring lane. It is a common understanding that
the vehicle headway (or density) and the lateral distance at the two neighboring sites on two lanes have important influence
on the lane changing behaviors. The assumption that the lane-changing behaviors of each vehicle will occur only if the lateral
distance is larger than its headway is unfound. The relationship between the headway and the lateral distance represents the
lane-changing aggressiveness of each vehicle. A higher lane-changing aggressiveness driver needs a shorter lateral distance
for a given headway. However, to our knowledge, the effects of lane-changing aggressiveness on the traffic stability for a
two-lane system were ignored by the vast majority of existing studies. This motivates us to develop a two-lane lattice model
to consider the factor of lane-changing aggressiveness and study its effect on the stability of traffic flow with two lanes.

In this paper, a new lattice model with the consideration of the driver’s lane-changing aggressiveness for a two-lane sys-
tem is presented. The smaller lane-changing aggressiveness is on behalf of a more cautious in conducting the behavior of
lane-changing. The influence of lane-changing aggressiveness on stability of the two-lane traffic flow has been studied by
the method of linear stability analysis. The method, developed from fluid dynamics, has been widely used in other research
fields, for example, the research about a thin gas layer [30-32]. Meanwhile, the nonlinear analysis is also applied to the new
model and the mKdV equation has been derived near the critical point by means of the perturbation method.

This paper is organized as follows: In the following section, the extended hydrodynamic lattice model for two-lane sys-
tem is presented by taking into account the lane-changing aggressiveness. In Section 3, the stability condition of the new
model is investigated in an analytical way. The lane-changing aggressiveness dependence of the kink solution for traffic jams
is obtained from the method of nonlinear analysis in Section 4. To verify the validity of theoretical analysis, we will compare
it with the result of our simulations in Section 5. Finally, Section 6 gives the conclusion.

2. Model

In 1998 Nagatani [3] advised two simplified versions of continuum models describing the traffic phenomena in traffic
flow on a sing-lane freeway. One of them is expressed as

0p + Podx(pv) =0 (1)

depv = apV(p(x +1)) —apv (2)

where p, is the average density, and a is the sensitivity of a driver; p(x + 1) is the local density at position x + 1 at time ¢;
V(p(x + 1)) is the optimal velocity about p(x + 1). The idea is that the variation of traffic current pv at position x depends on
the current difference between optimal current p,V(p(x + 1)) at position x + 1 and actual current pv at position x. The other
simplified hydrodynamic model is the lattice version with dimensionless space x,

Op;+ Po(Pj¥5 — Pj Vi) =0 3)

0P v = apoV(pj.1) — ap; v ?

where j represents site j on the one-dimensional lattice and p;(t), ;(t) indicate the density and velocity on site j at time ¢.
Eqgs. (3) and (4) is actually the lattice version of model of Egs. (1) and (2).



Download English Version:

https://daneshyari.com/en/article/758324

Download Persian Version:

https://daneshyari.com/article/758324

Daneshyari.com


https://daneshyari.com/en/article/758324
https://daneshyari.com/article/758324
https://daneshyari.com

