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Abstract: In this study, a modified car-following model is proposed to suppress the traffic jams. The 
optimal velocity (OV) function is extended by introducing variable safety headway distance. A 
comprehensive control scheme is constructed according to the feedback control theory. The stability 
condition for the modified model is obtained and the numerical simulation is carried out to illustrate 
the advantage of our model with the new control signal, and the results are consistent with the 
theoretical analysis. 

Introduction  
Over the last decades, traffic flow has gained more and more interests of many scholars and 

scientists, and traffic congestion has been a serious problem in the modern city traffic. In order to 
solve the increasingly serious traffic problems, research has been done on investigating the 
properties of traffic jams as much as possible, and obtained many significant results [1-7]. 

However, in expressway or highway with higher speed and larger headway, the models 
mentioned cannot be used to precisely reflect the real traffic phenomenon. In this case, the 
hyperbolic tangent part ( )( ).tanh in OVM remains as a constant. That is to say, the following vehicle 
gets little or no influence despite the headway difference ( )txn∆  is changing. So it is necessary to 
extend the typical safety headway distance parameter. 

Up to the present time, there has been a limited amount of research work concerning car-
following model from the viewpoint of control methods [8-11]. And even fewer studies in the area 
have been conducted with considering variable safety headway distance(VSHD). In this paper, a 
new optimal velocity (OV) function with considering high speed following vehicle on expressway 
or highway is constructed by introducing variable safety headway distance. 

IMPROVED Car-following model 
To investigate the effect of high speed and large headway of vehicles in expressway or highway, 

a new car-following model is presented as follows: 

       ( ) ( ) ( )( ) ( )[ ]tvtvtxVa
dt

txd
nnn

op
new

n −∆= ,2

2
            (1) 

where ( ) ( ) ( )txtxtx nnn −=∆ +1 is the headway difference between the thn - considering vehicle and the 
preceding one; ( )txn is the thn - vehicle's position; a is the sensitivity of driver and is the inverse of 
delay time; ( ) ( )( )tvtxV nn

op
new ,∆  is the new optimal velocity function, which determines by the 
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headway difference ( )txn∆ and the variable safety headway distance. The new OV function can be 
expressed as: 

( )( ) ( )( ) ( )max tanh tanh
2

op
new n n c c

vV x t x t h h = − + � � (2) 

( ) csnv hTtdvh +=                                              (3) 

where maxv is the maximum speed of all the following vehicles, ch is the typical safety headway 
distance; sT  is the time step unit and d is the reaction coefficient for ( )tvn  . In real traffic flow, the 
driver does not care about the specific value of the safety headway distance, unless the numerical 
value means traffic accident or danger. So the physical meaning of vh is the acceptable safety 
headway distance of a driver and it is variable and related with velocity of the considered vehicle. 

The dynamical equation is rewritten as follows: 
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Where ( ) ( )txty nn ∆=  , and we suppose that the leading vehicle runs at a constantly velocity 0v . 
Then, the steady state of the following vehicles are given by 
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       According to the control theories, we can obtain the stability condition for the system (4), 
which is 
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Feedback Control scheme 
Considering the positive and negative velocity differences and optimal velocity differences into 

account, in the meantime, in order to avoid collision, the difference between the safety headway 
and the headway is considered. The new feedback control signal ( )tun  including all these factors is 
added into system (1), so we have 

( ) ( ) ( )( ) ( )[ ] ( ) ）（7,2
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and ( ) ( ) ( )tvtvtv nnn −=∆ +1 . ( )0>κκ is the reaction coefficient for the relative optimal 

velocity ( )tV op
new∆ and the relative velocity ( )tvn∆ , λ is another reaction coefficient for the 

( )( ) ( )( )tyhhtyH nvvn −− . And function ( ).H  is defined as  
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As ( ) 0≤− vn hty , the feedback control signal ( )tun  could simplify further. Then, our feedback 

control signal ( )tun  is 
( ) ( ) ( )[ ] ( )( ) )10(2 tyhtVtvtu nv

op
newnn −−∆+∆= λκ       Under this condition, the dynamical Eq.(7) 

can be expressed as 
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Similarly, as it is supposed that 

leading vehicle runs with a constant velocity 0v , the following vehicles have the steady state as 
Eq.(5). Hence, the traffic system (11) can be linearized at steady state (5), that is 

( ) ( ) ( )[ ] ( ) ( )( )[ ]

( ) ( )[ ] ( )
( ) ( ) ( )

( )12

1

2
011

10














−=

+Λ−Λ

+−+−Λ=

+

+

+

tvtv
dt

tyd
tytyty

tvtvtvtya
dt

tvd

nn
n

nnn

nnnn
n

ddd
dλddκ

ddκddd

where ( ) ( ) 0vtvtv nn −=δ ,

( ) ( ) ( )0
1

vVtyty op
newnn

−

−=δ , ( ) ( )( )
( ) ( ) ( )0

1
1

|,

1

11
1 vVty

n

nn
op

new
op

newntdy
tvtydV

−
+ =

+

++=Λ
. 

After the Laplace transform for Eq.(12), we can get the transfer function ( )sG  as follows: 

( ) ( ) [ ] ( )131
1

2
00 Λ+Λ−Λ+= κλκκ sas

sp
sG

( ) ( ) ( )14)( 2
0

2 λκκ +Λ−+++= asassp where s is a complex variable. 
In reality, traffic jams will never occur in the traffic flow system with condition that the 

characteristic function ( )sp is stable and ( ) 1|||| ≤∞sG according to the control theory. In fact, based 
on the Hurwitz stability criterion, we can get that ( )sp  is stable. Further, consider ( ) 1|||| ≤∞sG , we 
can achieve the sufficient condition by means of the analysis above, that is 

( ) ( )15
2
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2
10

2 ≥Λ−Λ−Λ++ aaa κκ .  

Numerical simulation 

In the simulations, the parameters for vehicles are set as 02.7=ch m, 
12 −= sa , smv /200 = and 

sT 1.0= . It is assumed that all vehicles have the same parameters. Particularly, in Fig.1, the 
parameters are set to be ,85.0=κ  

,3.0=d smv /3.33max = . The initial condition is the steady state for the model, and the initial 
positions and speeds are set as 
( ) ∑ ∗= nn yx 0 , ( ) ( )tyy nn

∗=0 , ( ) ( )tvv nn
∗=0  

.,...,3,2,1 Nn =  And 120=N is the total number of vehicles. We consider a case where the leading 
vehicle stops suddenly for nTt = =100-103. 
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(a) 

 
(b) 

Fig. 1 Numerical simulations for the improved car-following model with (a)λ =0.85,(b)λ =0.48. 
 

Fig.1 illustrates the speed-time patterns of the 1th, the 25th and the 50th vehicles with different 
parameter values of λ . It can be seen from Fig.1 that with the control signal, when the reaction 
coefficient λ  decreases from 0.85 to 0.48, the stability of the traffic system is strengthened. After 
further observation, we can obtained that vehicles can reach steady running state in relatively short 
time as the reaction coefficient λ  decreases. Moreover, the amplitude of the velocity for the 25th 
vehicle decreases gradually and the 50th vehicle runs more steadily. 

 
(a)  

(b) 
Fig. 2 (a) Space-time plot of the traffic system . (b) Temporal velocity behavior of the first, 25th 

and 50th vehicles. (κ =0,λ =0, d =0, maxv = 20m/s). 
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The simulation results in Figs.2-3 demonstrate the advantage of the improved car-following 
model. Although the maximum speed is larger in Fig.3 compared with Fig.2, we discover that 
vehicles can reach a more steady running state in comparatively short time, with the right 
parameters. The amplitude of the speed fluctuation for the 25th vehicle decreases and the 50th 
vehicle runs more smoothly. In other words, when we add a feedback control signal to system (1) 
with the new OV function, the traffic flow gets to a steady state quickly. We can conclude that the 
modified car-following model with new feedback control scheme is effective for suppressing the 
increasingly traffic congestion. 

 
(a)  

(b) 
Fig. 3 (a) Space-time plot of the traffic system . (b) Temporal velocity behavior of the first, 25th 

and 50th vehicles. (κ =75,λ =0.48, d =0.3, maxv = 33.3m/s). 

Conclusions 
In the study, an improved car-following model considering the variable safety headway distance 

based on the OVM is presented. Further, a new feedback control signal is added to OVM. The 
effect of some vital information (such as the relative velocity, relative optimal velocity and the 
difference between safety distance and headway) on the traffic current and the jamming transition 
has been investigated by use of the numerical and analytical methods. Moreover, the control 
method is adopted to derive the stability condition of the new model. Numerical simulations have 
been carried out and the results conform to the theoretical ones. 
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