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a b s t r a c t

In this paper, a new lattice model of traffic flow is proposed with the consideration of the
optimal current difference for two-lane system. The linear stability condition is derived
through linear stability analysis, which shows that the optimal current difference term
can improve the stability of traffic flow. The mKdV equation is obtained through nonlinear
analysis. Thus the space of traffic flow is divided into three regions: the stable region, the
metastable region and the unstable region respectively. Moreover, numerical simulation
confirms that the traffic jam can be suppressed efficiently by considering the optimal cur-
rent difference effect in extended lattice model of two-lane traffic flow.

� 2012 Elsevier B.V. All rights reserved.

1. Introduction

Traffic jam has attracted more and more attention of many scholars since traffic problem becomes more complex with the
rapid increase of traffic flux. Then, many traffic models have been put forward to investigate traffic phenomena. Especially,
the lattice model firstly proposed by Nagatani [1,2] is a charming hydrodynamic model to analyze the jamming transition
evolution of traffic flow. Subsequently, lots of extended lattice models [3–22] have been developed by taking different factors
into account. However, above models are only suited to describe some traffic phenomena in single lane. In real traffic, multi-
ple lanes are the usual form of traffic. Hereafter, Nagatani [23] further presented a two-lane lattice model of traffic flow.
Thereafter, some two-lane lattice models [24,25] were derived with lane changing behaviors. However, these models did
not consider the optimal current difference which may have important influence on traffic flow in two-lane system. In this
paper, a new lattice model is proposed to enhance the stability of traffic flow with the consideration of optimal current dif-
ference in two-lane system. The linear stability analysis and nonlinear analysis are carried out to investigate the effect of
optimal current difference on the traffic stability and jamming transition.

2. The new model

Fig. 1 shows the schematic model of traffic flow on a two-lane highway [23]. Lane changing rate cjq2
0V 0ðq0Þjðq2;j�1 � q1;jÞ

was supposed from lane 2 to lane 1 if the density at site j � 1 on lane 2 is higher than that at site j on lane 1. where, c denotes
the rate constant coefficient with dimensionless. Similarly, lane changing rate cjq2

0V 0ðq0Þjðq1;j � q2;jþ1Þ was assumed from
lane 1 to lane 2 if the density at site j on lane 1 is higher than that at site j + 1. Thus, the continuity equations on two-lane
highway proposed by Nagatani were formulated as follows [23]:
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@tq1;j þ q0ðq1;jv1;j � q1;j�1v1;j�1Þ ¼ cjq2
0V 0ðq0Þjðq2;jþ1 � 2q1;j þ q2;j�1Þ ð1Þ

@tq2;j þ q0ðq2;jv2;j � q2;j�1v2;j�1Þ ¼ cjq2
0V 0ðq0Þjðq1;jþ1 � 2q2;j þ q1;j�1Þ ð2Þ

By adding Eqs. (1) and (2), one can obtain the following continuity equation:

@tqj þ q0ðqjv j � qj�1v j�1Þ ¼ cjq2
0V 0ðq0Þjðqjþ1 � 2qj þ qj�1Þ ð3Þ

where q0, q and v mean the average density, the local density and local velocity respectively. qj = (q1,j + q2,j)/2, qjvj =
(q1,jv1,j + q2,jv2,j)/2 and Ve(qj) = (V(q1,j) + V(q2,j))/2. The following evolution equation of the two-lane traffic was incorporated
[23]:

qjðt þ sÞv jðt þ sÞ ¼ q0Vðqjþ1Þ ð4Þ

However, Nagatani’s lattice model didn’t consider the optimal current difference on two-lane highway. Therefore, based
on Nagatani’s two-lane lattice model [23], we present a novel evolution equation with the consideration of the optimal
current difference effect as follows:

qjðt þ sÞv jðt þ sÞ ¼ q0Vðqjþ1Þ þ kðq0Vðqjþ2Þ � q0Vðqjþ1ÞÞ ð5Þ

where, DFjþ1 ¼ q0Vðqjþ2Þ � q0Vðqjþ1Þ, which denotes optimal current difference on site j + 1 at time t; k is the reaction
coefficient of optimal current difference. The optimal velocity function V(q) is adopted as follows [1,2]:

VðqÞ ¼ ðvmax=2Þ½tanhð1=q� hcÞ þ tanhðhcÞ ð6Þ

where, hc and vmax represent the safety distance and the maximal velocity. By eliminating the speed v in Eqs. (3) and (5), one
obtains the density equation as follows:

qjðt þ 2sÞ � qjðt þ sÞ þ sq2
0 Vðqjþ1Þ � VðqjÞ
h i

þ ksq0ðDFjþ1 � DFjÞ

� scjq2
0V 0ðq0Þjðqjþ1ðt þ sÞ � 2qjðt þ sÞ þ qj�1ðt þ sÞÞ ¼ 0 ð7Þ

3. Linear stability analysis

A constant density q0 and optimal velocity V(q0) are defined for the steady state of the uniform traffic flow on two-lane
highway. yj is supposed a small deviation from the steady-state flow on site j.

qjðtÞ ¼ q0; qjðtÞ ¼ q0 þ yj ð8Þ

By substituting Eq. (8) into Eq. (7) and linearizing it, one obtains

yjðt þ 2sÞ � yjðt þ sÞ þ q2
oV 0ðq0ÞDyjðtÞ þ kq2

oV 0ðq0ÞðDyjþ1ðtÞ � DyjðtÞÞ
� cjq2

0V 0ðq0Þjðyjþ1ðt þ sÞ � 2yjðt þ sÞ þ yj�1ðt þ sÞÞ ¼ 0 ð9Þ

where, Dyj = yj+1 � yj and V 0ðq0Þ ¼ dVðqÞ=dqjq¼q0
.

By expanding yj = A exp(ikj + zt), one derives the following equation of z:

e2zs � ezs þ sq2
oV 0ðq0Þðeik � 1Þ þ ksq2

oV 0ðq0Þðe2ik � eik þ 1Þ � scjq2
0V 0ðq0Þjezsðeik � 2þ e�ikÞ ¼ 0 ð10Þ

Inserting z = z1(ik) + z2(ik)2 + � � � into Eq. (10) and neglecting the higher order terms, one can obtain the first-order and
second-order terms of ik as follows:

Fig. 1. The schematic model of traffic flow on a two-lane highway.

560 G. Peng / Commun Nonlinear Sci Numer Simulat 18 (2013) 559–566



Download English Version:

https://daneshyari.com/en/article/755862

Download Persian Version:

https://daneshyari.com/article/755862

Daneshyari.com

https://daneshyari.com/en/article/755862
https://daneshyari.com/article/755862
https://daneshyari.com

