
Applied Mathematics and Computation 332 (2018) 493–505 

Contents lists available at ScienceDirect 

Applied Mathematics and Computation 

journal homepage: www.elsevier.com/locate/amc 

The nonlinear analysis for a new continuum model 

considering anticipation and traffic jerk effect 

Cheng Rongjun 

a , b , c , Ge Hongxia 

a , b , c , Wang Jufeng 

d , e , ∗

a Faculty of Maritime and Transportation, Ningbo University, Ningbo 315211, China 
b Jiangsu Province Collaborative Innovation Center for Modern Urban Traffic Technologies, Nanjing 210096, China 
c National Traffic Management Engineering and Technology Research Centre, Ningbo University Sub-centre, Ningbo 315211, China 
d College of Information Technology, Ningbo Dahongying University, Ningbo 315175, China 
e Ningbo Institute of Technology, Zhejiang University, Ningbo 315100, China 

a r t i c l e i n f o 

Keywords: 

Traffic flow 

Continuum model 

Traffic jerk 

Anticipation effect 

Energy consumption 

a b s t r a c t 

Considering the anticipation and traffic jerk simultaneously, a new macro model of traffic 

flow is put forwarded in this paper. By means of linear stability theory, the new model’s 

linear stability with the effect of traffic jerk and anticipation term is obtained. 

Through nonlinear analysis, the KdV–Burgers equation is derived to describe the prop- 

agating behavior of traffic density wave near the neutral stability line. Numerical simu- 

lation is carried out to study the influence about the traffic jerk and anticipation effect. 

The evolution of traffic jam and corresponding energy consumption are then explored and 

compared each other. The outputs of these findings demonstrate the extended model can 

suppress traffic jam and reduce energy consumption in real traffic condition. 

© 2018 Elsevier Inc. All rights reserved. 

1. Introduction 

In recent years, traffic congestion has an important influence on modern society since traffic problem become more and 

more serious with the increases of traffic flux. The traffic jam has closely impacted on human’s daily life, such as traffic 

accidents, air pollution and global warming [1–13] . Therefore, many traffic models have been presented, such as the car- 

following models [14–26] , the cellular automaton models [27–30] , the gas kinetic models [31–33] , and the hydrodynamic 

models [34–36] , and to figure out the complicated constitution behind the traffic congestion phenomenon. 

In 1995, Bando et al. [37] proposed the optimal velocity model (OVM), which can be used to explain the qualitative 

characteristics of the actual traffic flow, such as the stop-and-go phenomenon, traffic instability and the congestion evolution 

and so on. Based on the OVM, many new car-following models have been presented [14–26] . However, the OVM has the 

drawbacks of high acceleration rate and unrealistic deceleration. To improve OVM, Jiang et al. [38] put forward a full velocity 

difference model (FVDM) with the consideration of full velocity difference. 

In many traffic situations, the sudden braking and acceleration can lead to a large waste of energy, in addition, it is 

harmful to the vehicles and it will increase the environmental pollution [39–41] . The temporal dynamics of the acceleration 

and deceleration of a vehicle is represented by the jerk profile. As we know, jerk is the derivative of the acceleration. In 

real traffic, drivers often adjust his speed according his anticipation by observing the traffic condition [42–46] . Until now, 

the investigation of incorporating of driver’s jerk and anticipation on the continuum models is rare. In fact, traffic jerk and 
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driver’s anticipation will have a significant impact on traffic movement. In view of this, a new continuum model will be 

presented to investigate these influences on traffic flow. 

In this paper, a new macro traffic flow model by incorporating the effect of driver’s anticipation and traffic jerk based 

on OVM is presented. The linear and non-linear analysis for this new traffic model is obtained by means of linear and 

non-linear theory. The KdV–Burgers equation is derived and the soliton solution is given. Theoretic analysis and numerical 

simulation has been proposed to explore this complex phenomenon resulted. Additionally, the energy consumption is a 

recently concerned problem and we also attempt to discover energy consumption of proposed model. 

2. The new continuum model 

Taking both the driver’s anticipation and traffic jerk term into the OVM, a new dynamic equation is obtained as follows: ⎧ ⎨ 

⎩ 

d v n (t) 

dt 
= a [ V (�x n (t) + τ�v n ) − v n (t) ] − λJ n (t) , 

J n (t) = 

d v n (t) 

dt 
− d v n (t − σ ) 

dt 
, 

(1) 

where �v n = v n + 1 − v n is the velocity difference between the preceding vehicle n + 1 and the following vehicle n , τ repre- 

sent the anticipation time, a is the sensitivity of a driver, λ is the jerk parameter, σ is the memory time. Eq. (1) shows that 

the acceleration of the n th vehicle at time t is determined not only by the velocity v n ( t ), but also by the anticipation time 

and the traffic jerk. 

Before deducing the continuum model, we make first-order Taylor expansion of the micro variables V ( �x n ( t ) + τ�v n ( t )) 

and neglect high-order terms, i.e. 

V (�x n (t) + τ�v n (t)) = V (�x n (t)) + τ�v n (t) V 

′ (�x n (t)) . (2) 

Make the Taylor series expansion of v ( x + �, t ) to the second-order term and neglect the high-order terms, we will obtain 

v (x + �, t) = v (x, t) + v ′ (x, t)� + 

1 

2 

v ′′ (x, t) �2 . (3) 

The above micro variables can be transformed into the macro ones as follows: 

v n (t) → v (x, t ) , v n +1 (t ) → v (x + �, t) , 

V (�x n (t)) → V e (ρ) , V 

′ (�x n (t)) → V̄ 

′ (h ) , J n (t) → v (x, t) v xt (x, t) , 
(4) 

where � represents the distance between two adjacent vehicles, ρ( x , t ) and v ( x , t ) represents the macro density and speed 

at place ( x , t ). Through the density ρ and the mean headway h = 

1 
ρ , we define the equilibrium speed V e ( ρ) and have 

V̄ ′ (h ) = −ρ2 V ′ e (ρ) . Putting the above macro variables into Eq. (1) , the following equation is derived 

∂v 
∂t 

+ v 
∂v 
∂x 

= 

dv (x, t) 

dt 
= a [ V e (ρ) − v ] − aτρ2 V 

′ 
e (ρ) v ′ (x )� − λσv v xt . (5) 

Eq. (5) can be rewritten as 

∂v 
∂t 

+ (v + aτρ2 V 

′ 
e (ρ)�) 

∂v 
∂x 

= a [ V e (ρ) − v ] − λσv v xt . (6) 

A new macro model considering traffic jerk and anticipation effect is derived by incorporating the conservative equation 

with Eq. (6) : ⎧ ⎪ ⎨ 

⎪ ⎩ 

∂ρ

∂t 
+ 

∂(ρv ) 
∂x 

= 0 , 

∂v 
∂t 

+ (v + aτρ2 V 

′ 
e (ρ)�) 

∂v 
∂x 

= a [ V e (ρ) − v ] − λσv v xt . 

(7) 

3. Stability analysis 

For the convenience of analysis, Eq. (7) is expressed in the vector form 

∂U 

∂t 
+ A 

∂U 

∂x 
= E , (8) 

where 

U = 

[
ρ
v 

]
, (9) 

A = 

[
v ρ
0 v + aτρ2 V 

′ 
e (ρ) 

]
, (10) 



Download English Version:

https://daneshyari.com/en/article/8900972

Download Persian Version:

https://daneshyari.com/article/8900972

Daneshyari.com

https://daneshyari.com/en/article/8900972
https://daneshyari.com/article/8900972
https://daneshyari.com

