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h i g h l i g h t s

• The driver’s anticipation effect is introduced into the OV car-following model
• The KdV–Burgers equation and one solution are obtained, which is seldom investigated
• Numerical simulation is made to show the local cluster described by the model
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a b s t r a c t

The new continuum model mentioned in this paper is developed based on optimal
velocity car-following model, which takes the drivers’ anticipation effect into account. The
critical condition for traffic flow is derived, and nonlinear analysis shows density waves
occur in traffic flow because of the small disturbance. Near the neutral stability line, the
KdV–Burgers equation is derived and one of the solutions is given. Numerical simulation is
carried out to show the local cluster described by the model.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Many models have been put forward to simulate different kinds of continuum traffic flow phenomena [1–8]. In 1955,
Lighthill and Whitham [9,10] made the first contribution to continuum models and later Richards [11] drew the similar
conclusion independently (for short, the LWR model). In this model, the relationship of the three basic parameters of the
fluid is built by

∂ρ

∂t
+

∂q
∂x

= 0 (1)

whereρ, q, t, x, represent the density, flow, time and space, respectively. Only supplementedby the twoequations of q = ρv
and the equilibrium condition v = ve (ρ), Eq. (1) is a self-consistent model.

Through some follow-up work, the model above can be used to describe the majority of traffic flow phenomena. Liu
et al. [12] considered that LWR model is an easy and convenient method but has a disadvantage. Some typical traffic
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phenomena, which come down to the non-equilibrium traffic flow dynamics, such as, traffic hysteresis and phantom traffic
jams, can hardly be explained.

In 1971, adding a dynamic equation to the continuity one, Payne [13] established a high-order continuum traffic flow
model, which can describe the real traffic effectively. What is more, this model can show the nonlinear wave propagation
characteristics and be used to analyze the traffic phenomena, such as the small disturbance instability and the stop-and-go
traffic. The dynamic equation is:

∂v

∂t
+ v

∂v

∂x
= −

α

ρT
∂ρ

∂x
+

ve − v

T
(2)

where T is relaxation time, and α is the anticipation coefficient.
In 1995, Daganzo [14] pointed out that, there are many advantages in Payne’s model. Nevertheless, one of its character-

istic speeds is greater than the macroscopic flow velocity, which shows a gas-like behavior. Based on the actual driving, it is
widely acknowledged that vehicles respond only to frontal ones, which we call it anisotropic characteristics. According to
the anisotropic characteristics of the high-order continuummodels, scholarsmademore extensive and in-depth discussions.
H.M. Zhang [15] put forward a new continuum traffic flow theorywhich overcomes vehicles driving backward problemhap-
pened in the high-order continuummodels. Later H.M. Zhang [16] further discussed whether anisotropic property exists in
multi-lane traffic.

In 1995, Bando et al. [17] proposed the optimal velocity model (for short, OVM), which can be used to simulate the qual-
itative characteristics of the actual traffic flow, such as the stop-and-go phenomenon, traffic instability and the congestion
evolution and so on. The model is:

•

vn (t) = a [V (1xn (t)) − vn (t)] (3)

in which the item V (1xn (t)) means an optimal velocity depended on space headway 1xn (t). But the traffic phenomena
described by Treiber et al. [18] cannot be explained by OVM. Namely, if the preceding cars aremuch faster than the following
ones, the vehicle would not brake, even if its headway is smaller than the safe distance. In order to solve this problem, Jiang
et al. [5] proposed a full velocity difference model (for short, FVDM). The formula of the FVDM is

dvn+1 (t)
dt

= κ [V (1x) − vn+1 (t)] + λ1v. (4)

Based on FVDM, Jiang et al. [19] derived an anisotropic macroscopic continuum model—the velocity gradient model,
which allows the vehicles’ speed deviate from speed–density relationship and can be used to analyze the stop-and-go and
the small disturbance instability traffic phenomena. The model is:

dv (x, t)
dt

=
Ve (ρ (x, t)) − v (x, t)

T
+

∆

τ

∂v

∂x
(5)

where c0 = ∆/τ means disturbance propagation speed.
Recently, the anticipation effect is considered in lattice hydrodynamic models by Peng et al. [20–22]. We will investigate

the problem from continuummodel.
The rest of this paper is organized as follows. In Section 2, the newmodel is derived and then the stability analysis is used.

Through nonlinear analysis, the KdV–Burgers equation is derived in Section 3 and the simulation is carried out in Section 4.
Finally, the conclusion is given in Section 5.

2. Model and stability analysis

Aswe know, the time lag produced by the driver’s reflection and the transmission of automotive crankshaft system exists
in the real traffic. But this influence is ignored in most previous investigations. We consider the drivers’ expected effect and
get:

dvn (t)
dt

= a [V (1xn (t) + T1vn) − vn (t)] (6)

in which T means the anticipation time and the term T1vn represents distance influenced by the expected time.
Through Taylor expansion, we obtain

V (1xn (t) + T1vn) = V (1xn (t)) + T1vnV ′ (1xn(t)) (7)

where 1vn = v (x + ∆, t) − v (x, t). Then we use the following relation to rewrite the above micro variables into macro
ones:

vn (t) → v (x, t) , vn+1 (t) → v (x + ∆, t)

V (1xn (t)) → Ve (ρ) , V ′ (1xn (t)) → V̄ ′ (h)
(8)

where ∆ represents the distance between two adjacent vehicles. Through the density ρ and the mean headway h = 1/ρ,
we define the equilibrium speed Ve (ρ) and have V̄ ′ (h) = −ρ2V ′

e (ρ). Considering the continuous conservation equation,
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