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Abstract—This paper reviews the car-following model for 

road vehicle traffic flow, describes the advantages and 

disadvantages of these models; and based on the research of the 

effects of drivers’ behavior including drivers’ disturbance risk 

preference heterogeneity and drivers’ rear view behavior 

depending on complex real traffic situations on traffic flow 

instability, which have been researched by the authors, discusses 

the reality conformity of some model assumptions and proposes 

some new insights and views about the car-following model. 
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I. INTRODUCTION  

In modern society, traffic congestion has become an 
extremely serious social problem to be urgently solved. Traffic 
congestion is a performance of traffic flow instability, and ease 
and inhibit traffic congestion is equivalent to reducing traffic 
flow instability. To strengthen the research of traffic flow is 
one of the effective measures to ease and inhibit traffic 
congestion. According to the research hierarchy, the modern 
road vehicle traffic flow model can be divided into 
macroscopic, mecroscopic and microscopic traffic flow model. 
The microscopic traffic flow model researches the 
characteristics of traffic flow by dealing with traffic flow as 
dispersed particles and studying the effect of single vehicles on 
the following vehicles. It mainly includes the car-following 
model and the cellular automata model; its advantages are that 
it can analyze the transitions and the separation of the traffic 
flow phase and describe various traffic waves, and its 
disadvantages is the car-following model only applies to 
analyzing the behavior of the traffic including a small number 
of vehicles and is not suitable to analyze the traffic including a 
large number of vehicles and the cellular automata model is 
difficult to obtain analytical results, which make it is complex 
in solving and usually have to carry out numerical simulation. 
All kinds of the road vehicle traffic flow model have their own 
advantages and disadvantages, and are connected with each 
other, not contradictory. How to better base on these 
advantages and disadvantages of these models, and propose 
more reliable traffic flow model is one of important research 
directions. 

II. REVIEW 

In this section, we review the car-following model for road 
vehicle traffic flow. The characteristics of driver’s driving 
behavior and the vehicle running are the basis of the traffic 
flow study. In real traffic, the motion of the vehicle is generally 
not in a free state, namely in general, the driving is not in a free 
state. At this time, the direct effect of the vehicle and the 
change of traffic flow caused by it is the key point of research. 
Vehicle movement behavior can be divided into the following 
behavior and the lane-changing behavior, and the one 
researched by the car-following model is the following 
behavior. Broadly speaking, the car-following model is a kind 
of the generalized stimulus-response model, and concretely can 
be divided into: the stimulus-response model, the safety 
distance model namely behavior model or collision avoidance 
model, the psycho-physical model namely the action point 
model and the artificial intelligence-based model. Because of 
its good traffic physical and mathematical characteristics, the 
optimal velocity model of the stimulus-response model gets 
more attention and it has become one of hot researches of 
traffic flow model, which will be discussed emphatically.  

The earliest stimulus-response car-following model was 
proposed by Reuschel [1] and Pipes [2], respectively, and 
assumed that the following driver tried to adjust the vehicle 
velocity consistent with the preceding vehicle velocity. The 
dynamic equation of the model is 

                        ( ) ( )n nt T c ta v                            (1) 

where T is the reaction delay time, c is an undetermined 

parameter, ( )n ta is the acceleration of the following vehicle 

n at time t , 1( ) ( ) ( )n n nt t tv v v   , 1( )n tv  and ( )n tv  are 

the velocity of the preceding vehicle 1n  and the following 

vehicle n  at time t , respectively. This model is relatively 

simple and the driver’s acceleration of the model is not 
consistent with real traffic driver’s acceleration characteristics

 

[3], but it has established two recognized assumptions of the 
following model research: drivers adjust velocity according to 
the velocity difference between the following vehicles and the 
preceding vehicles, and drivers have the reaction delay time. 
For the bad compliance of the model with the real traffic, many 
scholars put forward some improved models [4-9]. 
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The earliest safety distance car-following model was 
proposed by Kometani and Sasaki [10], whose basic 
assumption was in order to keep safe, when the diver couldn’t 
predict the preceding vehicle motion completely, a reasonable 
safety distance would be kept. The expression of the 
reasonable safety distance is 

22
01

( ) ( ) ( )( ) n nln
t T t tv v bx t T v  
          (2) 

where  、
l 、  、 0b  are the undetermined parameters. 

The problem of the model is the change of the above 
parameters value identified under different speeds is big, and 
therefore the model is not very practical. For this, scholars have 
proposed more complex safety distance models

 
[11-12].  

The earliest psycho - physical car-following model was 
proposed by Michaels [13], and the model through the analysis 
of the potential factors of driver's physiological and 
psychological, think that the drivers sense the change of the 
relative speed between the preceding vehicles and the 
following vehicles by analyzing the change in size of the 
preceding vehicles in the field of vision, and when the traffic 
speed difference exceeds a critical value of the perspective 
change, the driver will choose acceleration or deceleration. 
One basic assumption of this kind of model is that the driver 
adjust the velocity according to the relative stimulus including 
the distance difference and the velocity difference between the 
preceding vehicles and the following vehicles, and drivers’ 
adjust only occurs when the stimulus is more than the critical 
value. Many scholars have studied about this [14-16], one of 
the often mentioned model is Leutzbach and Wiedmann model 
[15]: 

     
2

1( ) 2[ ( )] ( )[ ( )]n n nnt T S t ta x av t             (3) 

where S  the expected minimum safe following distance, 

1( ) ( ) ( )n n nt t tx x x   , 1( )n tx  and ( )n tx  are the location 

of the preceding vehicle 1n and the following vehicle n  at 

time t , respectively.  

The earliest research of the artificial intelligence-based car-
following model began in the 1990 s, which applied the various 
methods of the artificial intelligence field such as the fuzzy 
theory and the artificial neural network method to the driver 
behavior modeling. The theoretical basis of this model is that 
in the following process, the driver can be regarded as a 
complex nonlinear system, which controls the process of the 
following vehicle following the preceding vehicle according to 
the traffic environment and the information of the preceding 
vehicle and the following vehicle state and so on. The 
traditional differential equations models sometimes can’t well 
describe the driver’s psychological and physiological 
uncertainty and inconsistency, such as the feeling and 
understand. However, the fuzzy theory and the artificial neural 
network method have some simple and feasible advantage in 
dealing with complex nonlinear problems. Many scholars 
proposed the corresponding models [17-19]. For example, 
Kikuch and Chakroborty [18] proposed the following fuzzy 

inference model: If , 1n nx  is Adequate, then 

                      , 1 1( ) ( ( ) ( ) )n n n nt t t Ta v a                   (4) 

where T  is the reaction delay time and often assumed to be 
1 s ;   is the time in which that the drivers want to keep up 

with the preceding vehicle and often assumed to be 2.5 s . 

Treiber, Helbing and Kesting [20-23] proposed an 
intelligent driver model namely ID model, which only needs 
few meaningful parameters and easy to be calibrated. They 
tried to uniformly describe the phase transformation of traffic 
flow from free flow to completely congested flow with the 
model. The control equation of the model is 

0
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where  
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0v is the ideal driving speed, ( )a n ts x  , 
*
ns is the expected 

headway under  the current condition, 0s  is the still safe 

distance, 
'

T is the safety time interval, (0)na is the start 

acceleration, b is the comfortable deceleration,   is the 

acceleration index. The intelligent in the model means the 

expected headway 
*
ns  changes with different traffic conditions, 

namely according to Eq.(6) , we have when 

1( ) ( ) ( ) 0n n nt t tv v v    , the following vehicle goes 

near the preceding vehicle, the expected headway 
*
ns  increases; 

when 1( ) ( ) ( ) 0n n nt t tv v v    , the preceding vehicle 

goes away from the following vehicle, the expected headway 
*
ns  reduces. 

Tomer et al [24] proposed the intertial car- following model, 
and the control equation of the model is 

0 2( ( ))
( ) (1 ) ( ( ) )

( ) 2( ( ) )

n n
n n per

n n

tx vz
t A kZ ta v v

t t Dx x



     

 
                                                                                                 (7) 

where A is the sensitive coefficient, D is the minimum 

distance between two adjacent cars, k is a constant, perv is the 

permissible velocity,   is the white noise, 

0 '( )n n t Dx v T  , the function ( ) ( ) / 2Z x x x  . 

Simulation shows that the traffic flow of the model has three 
states namely the free flow state and the non-uniform 
congested flow state and the uniform congested flow state. 

Next, discuss the optimal velocity model of the stimulus-
response model which is more to be focused on and researched. 
Newell

 
[6] proposed a car-following model considering 

drivers’ time lag of response and firstly defined the optimal 
velocity function. Bando et al [25] thought there were two 
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major types of theories for car-following regulations. The first 
type was based on the idea that each vehicle must maintain the 
legal safe distance of the preceding vehicle, which depends on 
the relative velocity of these two successive vehicles. These 
theories are called the follow-the leader theory, which was 
used by Newell

 
[6] model and so on, and had to take the time 

lag of response into account to become a realistic theory. The 
other type for regulation is that each vehicle has the legal 
velocity, which depends on the following distance from the 
preceding vehicle. Bando et al investigated the equation of 
traffic dynamics based on the latter assumption and found a 
realistic model of traffic flow. In their model the stimulus was 
a function of a following distance and the sensitivity was a 
constant and did not introduce the time lag of response. 
Nagatani [26]

 
proposed an extended model considering the 

headway of the nearest preceding vehicle and the following 
vehicle and studied on traffic flow instability. Helbing and 
Tilch[27] carried out a calibration of OV model with the 
empirical follow-the-leader data and proposed an extended 
model considering the headway and the velocity of the 
following car and the relative velocity between the preceding 
vehicle and the following vehicle when the following vehicle 
was faster than the preceding vehicle, which was called the 
generalized force (GF) model. Jiang et al.

 
[28]

 
studied on the 

startup process of traffic flow with GF model and found that 
the starting wave velocity of GF model was too small and 
therefore proposed an extended model considering the 
headway and the velocity of the following car and the relative 
velocity between the following vehicle and the preceding 
vehicle, which was called full velocity difference (FVD) model. 
Xue et al. [29-31] also proposed a similar model. FVD model 
takes the usual factors considered by the following model into 
account and can better explain many phenomena such as traffic 
jam, dredge, phantom jam, go and stop and so on, and many 
models, based on FVD model, carry out a lot of related 
research. The models which are often cited are Newell model, 
OV model and FVD model. 

In 1961, Newell
 
[6] proposed a car-following model, whose 

control equation is 

                          ( ) ( ( ))n nt T V tv x                          (8) 

The model firstly proposed the optimal velocity function ( )V  , 

which is a monotonically increasing function and has an upper 
bound.  

In 1995, Bando
 
et al

 
[25] proposed an optimal velocity 

model called OV model, whose control equation is:  

                    ( ) [ ( ( )) ( )]n n nt a V t ta x v                   (9) 

where a is the sensitive coefficient. The optimal velocity 

function is 

max( ( )) [tanh( ( ) ) tanh( )]
2

n n c c

v
V t tx x h h     (10) 

where maxv is the maximum velocity, ch  is the safety distance. 

For the problem that OV model has too high acceleration and 
unreasonable deceleration, which does not conform to the 
reality, Helbing et al

 
[27] proposed the general force (GF) 

model. Jiang et al [28] with GF model, studied the process of 
start-up and found the flow starting velocity wave was too 
small, so they proposed the full velocity difference (FVD) 
model, whose control equation is:  

               ( ) [ ( ( )) ( )] ( )n n n nt a V t t r ta x v v            (11) 

where r  is the sensitive coefficient of the velocity difference. 

III. NEW INSIGHTS 

Model is a simulation and simplify of reality, which mainly 
reflects in the model assumptions. As a part of the extremely 
complex reality, traffic flow is also very complicated, so traffic 
flow model also need assumptions. Model’s ultimate goal is 
close to the reality as possible as it can, so it is an important 
research direction about how to base on the real traffic, put 
forward more realistic assumptions, and then propose the 
traffic flow models which are more conformity with real traffic. 

There are three basic assumptions in the car-following 
model:  

1) The vehicle follows the preceding vehicles driving in the 
single lane, and does not overtake;  

2) Drivers only respond to the information of the preceding 
vehicles, and don’t respond to the one of the following vehicles;  

3) Don’t consider different drivers’ heterogeneity, and assume 
the road conditions are ideal, and vehicles performance is the 
same. 

For assumption 1 and 3, many extended models have been 
proposed. Tang et al [32] proposed a two lanes car-following 
model and analyzed traffic flow stability. Peter [33] researched 
fluctuations caused by a small disturbance and results showed 
that fluctuations were much larger than these models predicted 
by analyzing data from loop detectors as well as data from 
vehicle trajectories. A final model-based analysis supported the 
hypothesis that the preferred headway of the driver was the 
parameter that was not kept constant but fluctuated strongly, 
thus causing the even macroscopically observable randomness 
in traffic flow. Deng et al [34] considering the heterogeneity of 
data sources, proposed a quantitative method of the traffic state 
estimation and uncertainty. Chiabaut et al [35] estimated 
Newell’s car-following model [36] parameters in congestion at 
a microscopic scale and established relations between 
stochastic Newell’s model with heterogeneous drivers and its 
associated macroscopic pattern. Zeng et al [37] firstly define 
the concepts of drivers’ disturbance risk preference and its 
heterogeneity, and based on these concepts and OV model, 
proposed the disturbance risk preference model considering 
drivers’ heterogeneity. By analytical analysis and simulation 
analysis, they got some useful conclusion to inhibit traffic 
congestion, namely the smaller the ratio of the preceding 
driver’s coefficient of the disturbance risk preference to the 
following driver’s coefficient of the disturbance risk preference 
is, the smaller traffic flow instability is, and the more 
conducive to inhibit traffic congestion, and vice versa. 

For assumption 2, only few scholars have proposed some 

extended models to discuss it. Hayakawa and Nakanishi [38], 

Nakayama et al [39], Hasebe et al [40], Ge et al [41] based on 
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OV model and Sun et al [42] based on FVD model, proposed 

some extended models, whose conclusions proved that 

considering the headway of the nearest following vehicle is 

conducive to reduce traffic flow instability. Furthermore, in 

actual driving, drivers not only look forward (usually three 

vehicles [43-45]) but also look backward (usually a vehicle 

[46]). According to the traffic survey, every 5-10 seconds, 

drivers look back the nearest following vehicle through 

rearview mirrors no more than 2 seconds. Drivers do receive 

the information of the nearest following vehicle [47] and 

therefore drivers are affected by the information of the nearest 

following vehicle, and traffic flow instability is also affected 

by the information of the nearest following vehicle. However, 

[38-42] did not consider the effect of the velocity difference 

between the vehicle and the nearest following vehicle on 

traffic flow instability and didn’t explain reasons, which 

means the information of the nearest following vehicle 

considered by [38-42] is not incomplete. For this, Zeng et 

al[48] proposed a model, based on the condition of inhibiting 

traffic flow instability and under the real conditions that the 

probability of paying attention to the information of the 

preceding vehicle is greater than the probability of paying 

attention to the information of the following vehicle and 

drivers’ sensitive coefficient is greater than 0, by the analytical 

and simulation analyses, many insights including the 

following can be gotten: 1) the information of the nearest 

following vehicle headway reduces traffic flow instability, and 

the bigger the attention probability is, the smaller traffic flow 

instability is; by contrary, the information of the velocity 

difference between the vehicle and the nearest following 

vehicle increases traffic flow instability , and the more the 

attention probability, the bigger traffic flow instability is; 2) 

the reducing effect of comprehensive information of the 

nearest following vehicle is greater than its increasing effect 

on traffic flow instability; 3) the bigger driver’ sensitive 

coefficient of the distance difference is, the bigger the 

reducing effect of the information of the nearest following 

vehicle on traffic flow instability is; 4) the bigger driver’ 

sensitive coefficient of the velocity difference is, the bigger 

the increasing effect of the information of the nearest 

following vehicle on traffic flow instability is. 

IV. CONCLUSIONS 

This paper reviews the car-following model for road 

vehicle traffic flow, describes the advantages and 

disadvantages of these models; and based on the research of 

the effects of drivers’ behavior depending on complex real 

traffic situations on traffic flow instability, which have been 

done by the authors, discusses the reality conformity of some 

model assumptions and proposes some new insights and views. 
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