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h i g h l i g h t s

• The linkage between headway changes with memory and car-following behaviors was explored.
• An improved car-following model considering headway changes with memory was proposed.
• Headway changes with memory have significant effects on car-following behaviors and fuel consumptions.
• Considering headway changes can improve the traffic flow stability and minimize cars’ fuel consumptions.
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a b s t r a c t

To describe car-following behaviors in complex situations better, increase roadway traf-
fic mobility and minimize cars’ fuel consumptions, the linkage between headway changes
with memory and car-following behaviors was explored with the field car-following data
by using the gray correlation analysis method, and then an improved car-following model
considering headway changeswithmemory on a single lanewas proposed based on the full
velocity difference model. Some numerical simulations were carried out by employing the
improved car-following model to explore how headway changes with memory affected
each car’s velocity, acceleration, headway and fuel consumptions. The research results
show that headway changes with memory have significant effects on car-following be-
haviors and fuel consumptions and that considering headway changes with memory in
designing the adaptive cruise control strategy can improve the traffic flow stability and
minimize cars’ fuel consumptions.

© 2014 Elsevier B.V. All rights reserved.

1. Literature review

Many mathematical models on car-following behaviors have been developed to describe interacting driver–car units
without lane-changing on a single lane, which include the early linear models proposed by Chandler et al. [1] and Her-
man et al. [2], the early nonlinear models presented by Reuschel [3], Pipes [4], Gazis et al. [5] and Newell [6], the recent
remarkable work of Bando et al. [7], Helbing and Tilch [8] and R. Jiang et al. [9] and some others in the literature [10–25].
The optimal velocity model proposed by Bando et al. [7] is one of favorable car-following models because of its distinctive
feature in describing many properties of traffic flow such as the instability of traffic flow, the evolution of traffic congestion
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and the formation of stop-and-go waves. Helbing and Tilch [8] proposed a generalized force model by considering the neg-
ative velocity difference. R. Jiang et al. [9] put forward a full velocity difference model by considering both the negative and
the positive velocity differences. Subsequently, much work has been done based on the optimal velocity model or the full
velocity difference model with the consideration of the headway in different combinations.

H.X. Ge et al. [26] put forward an extended car-following model considering an arbitrary number of cars ahead on a
single-lane highway with the following differential equation:

dxn (t + τ)

dt
= V


1xn (t) , 1xn+1 (t) , . . . , 1xn+j−1 (t)


. (1)

R. Jiang and Q.S. Wu [27] studied the night driving behaviors in the car-following model under periodic boundary condi-
tions based on the full velocity differencemodel by redefining the optimal velocity function, which is formulated as follows:

V (1x) =

tanh (1x − xc) + tanh(xc), 1x < xc1,
a − 1x, xc1 < 1x < xc2,
b, 1x > xc2.

(2)

T.Q. Tang et al. [28] proposed a new car-following model with the consideration of the driver’s memory, which is formu-
lated as follows:

dxn (t + τ)

dt
= β1V (1xn (t)) + β2V (1xn (t − τ)) . (3)

G.H. Peng et al. [29] presented a new optimal velocity difference model for a car-following theory based on the full ve-
locity difference model, which is presented as follows:

dxn (t)
dt

= κ [V (1xn (t)) − vn (t)] + λ1vn (t) + γ [V (1xn+1 (t)) − V (1xn (t))] . (4)

T.Q. Tang et al. [30] developed a new car-following model with the consideration of the driver’s forecast effect, which
takes the following form:

dxn (t + τ)

dt
= β1V (1xn (t)) + β2V (1xn (t + τ)) . (5)

S. Jin and D.H. Wang [31] presented a new car-following model by incorporating the effects of front traffic situation,
which is formulated as follows:

d2xn (t)
dt2

= α


(1 − ρ) V [1xn(t)] + ρV


1
m

m−1
j=0

1xn+j(t)


− vn (t)


+ λ1vn (t) . (6)

2. The improved car-following model

The above-mentioned car-following models in Refs. [9,26–31] can describe many properties of the real traffic flow, but
they were proposed from the qualitative perspective, that is to say, the influencing factors of car-following behaviors before
being taken into accountwere not exploredwith themeasured data. However, it needs a lot of observations and datamining
analysis on the real traffic flow before modeling essentially. In the history of traffic flowmodel study, there have beenmany
important field research achievements including early speed–density relation models such as the Greenshields model [32]
and the Greenberg model [33], and early car-following models developed and calibrated by Pipes [4], Chandler et al. [1] and
Gazis et al. [5]. On the other hand, a driver hasmemory if his speed at a later time depends on his speed at the previous time.
H.M. Zhang [34] developed a continuum macroscopic model arising from a car-following model with driver memory and
found that the driver’s memory in car-following behaviors can lead to viscous effects in continuum traffic flow dynamics.
T.Q. Tang et al. [28] put forward an extended car-following model considering the driver’s memory and found that driver’s
memory in car-following behaviors can improve the traffic flow stability.

Under the above perspective, the field car-following behavior data will be collected and extracted to explore the linkage
between headway changes with memory and car-following behaviors, and then an improved car-following model consid-
ering headway changes with memory will be put forward for further analysis.

2.1. Field observation and data extraction

Themeasured car-following data used to explore the impacts of headway changes withmemory on car-following behav-
iors all come from our research group’s traffic survey. The Jingshi Road/Shanshi East Road intersection of Jinan in China was
selected for the field data collection (see Fig. 1). This signalized intersection is located in the downtown area and on themajor
arterial. It consists of one left-turn lane, three through lanes, one bus transit lane and one right-turn lane along Jingshi Road.

In this paper, it is supposed that car 1 follows car 2. By using the frame differential method, the field car-following behav-
ior data of every 1 s were extracted, which contain each car’s velocity, acceleration, velocity difference, the relative distance
and headway changes with memory. Partial measured car-following data are listed as shown in Table 1.
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