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Under the environment of vehicle-to-vehicle (V2V) communication, the traffic information on a large scale can be
obtained and used to coordinate the operation of road traffic system. In this paper, a new traffic lattice hydrodynamic
model is proposed which considers the influence of multiple-lattice self-anticipative density integration on traffic flow in
the V2V environment. Through theoretical analysis, the linear stability condition of the new model is derived and the stable
condition can be enhanced when more-preceding-lattice self-anticipative density integration effect is taken into account.
The property of the unstable traffic density wave in the unstable region is also studied according to the nonlinear analysis.
It is shown that the unstable traffic density wave can be described by solving the modified Korteweg–de-Vries (mKdV)
equation. Finally, the simulation results demonstrate the validity of the theoretical results. Both theoretical analysis and
numerical simulations demonstrate that multiple-lattice self-anticipative density integration effect can enhance the stability
of traffic flow system in the V2V environment.

Keywords: lattice hydrodynamic model, traffic stability, self-anticipative density integration, mKdV equation
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1. Introduction
Lots of traffic problems are caused by the contradiction

between the finite road resource and the increasing demand for
traffic construction in our daily life. In order to reduce traffic
problem, we need to find out the origin of traffic problem and
the operation rule of the traffic system. A natural way of de-
scribing the road traffic is the micro traffic modeling, which
mainly describes a single vehicle’s motion process and its in-
fluence factors. Another way is the macro traffic modeling,
which primarily depicts the road traffic as compressible fluid,
and then the traffic characteristics are studied according to traf-
fic wave theory.

In 1995, on the assumption that the following vehicle’s
motion depends mainly on the headway between the consid-
ered vehicle and its preceding vehicle, Bando et al.[1] con-
structed an optimal velocity function and proposed a famous
optimal velocity car-following model. Then, Nagatani[2] in-
troduced the idea of the optimal velocity car-following model
into the macro traffic modeling and proposed the lattice hy-
drodynamic model. Since then, lots of modified traffic mod-
els have been constructed to reveal the influence of different
traffic factors on traffic flow.[3–15] For example, Dong et al.[3]

constructed a hybrid traffic flow model at an off-ramp bottle-
neck by considering the adaptive cruise control vehicles and
cooperative adaptive cruise control vehicles. Peng[4] inves-
tigated the effect of traffic interruption probability on traffic

flow based on a new optimal velocity car-following model by
considering the driver’s anticipation effect of traffic interrup-
tion probability. Chen and Zhang[5] proposed a traffic flow dy-
namics model and studied the physical phenomenon of high-
speed car following behavior. Jin et al.[6] explored the non-
linear density wave and energy consumption for a curved road
by taking the friction coefficient and the road curvature into
account. Gupta et al.[7] analyzed the traffic evolution proper-
ties of a lattice traffic flow model on a gradient highway. Ge
and Cheng[11] introduced an improved lattice hydrodynamic
model considering the effect of “backward looking”. Tian et
al.[12] extended the original lattice hydrodynamic model by
considering the density difference effect. Wang et al.[15] stud-
ied the traffic flow evolution rule for two-lane traffic system by
introducing a modified two-lane lattice hydrodynamic model.

Recently, in order to improve the stability of traffic flow,
the lattice hydrodynamic modeling on the basis of control the-
ory was studied. In 2015, Ge et al.[16] applied the delayed-
feedback control method to the lattice hydrodynamic model
proposed by Nagatani.[2] Li et al.[17] and Qin et al.[18] re-
spectively studied the effects of density change rate and flux
change rate on traffic flow by the Laplace transform method.
Liu et al.[19] studied the lattice hydrodynamic model-based
traffic control from the perspective of transportation cyber-
physical system approach. Pan et al.[20] introduced a delay-
independent traffic flux control method into a discrete-time lat-
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tice hydrodynamic model with time-delay. It is revealed that
the controlled traffic system can run much more steadily.

In fact, the driving process is continuous in real traffic.
The influence of some continuous traffic information on traffic
flow has also been studied. In 2018, Zhao et al.[21] presented
a new lattice hydrodynamic model by introducing the continu-
ous historical current integration information into macro traf-
fic modeling. Later, He et al.[22] uncovered the effect of den-
sity integration on the stability of a new lattice hydrodynamic
model. In addition, the influences of continuous traffic flux
and density information on traffic flow have been studied by
Wang et al.[23] and Qi et al.[24] Besides the relative continuous
traffic information of two successive lattices, Liu et al.[25] in-
vestigated the stabilization effect of self-delayed flux integral
for the two-lane lattice hydrodynamic model. But the continu-
ous traffic information considered in the above models are de-
layed traffic information. In 2017, Zhang et al.[26] presented
a new lattice hydrodynamic model in which the lattice self-
anticipative density effect is considered, and they also attested
to the stabilization effect of lattice self-anticipative density on
traffic flow.

However, the lattice self-anticipative density effect in
Ref. [26] was proposed for a single lattice at a fixed time. In
fact, the development of intelligent transportation system and
the vehicle-to-vehicle (V2V) communication technology show
that the considered vehicle movement is adjusted not only by
the nearby traffic information, but also by the information ob-
tained from far preceding vehicles. So, it is more reasonable
to study the traffic evolution property with consideration of
multiple anticipative traffic information acquired in a contin-
uous time interval in the V2V environment. But little work
on the effect of multiple-lattice self-anticipative information
on the traffic flow from the viewpoint of V2V communication
environment was done. Therefore, in this paper, a new lattice
hydrodynamic model is proposed by considering the multiple-
preceding-lattice continuous self-anticipative density informa-
tion, and the new model’s stability condition and the density
wave propagation rules are discussed as well.

The rest of this paper is organized as follows. In Sec-
tion 2, the new model is presented. In Section 3 the new
model’s linear and nonlinear properties are analyzed. The nu-
merical simulation is presented in Section 4, and some conclu-
sions are drawn in Section 5.

2. New model
The lattice hydrodynamic model proposed by Nagatani[2]

in 1998 is given by the following equations:

∂tρ j +ρ0
(
ρ jv j−ρ j−1v j−1

)
= 0, (1)

∂t(ρ jv j) = aρ0V (ρ j+1)−aρ jv j, (2)

where ρ j and v j are the density and velocity of lattice j at
time t respectively, ρ0 is the average density, a denotes driver’s
sensitivity, and V represents the optimal velocity function. A
widely used expression of the optimal velocity function is
given by

V (ρ j) =
vmax

2

[
tanh

(
2
ρ0
−

ρ j

ρ2
0
− 1

ρc

)
+ tanh

(
1
ρc

)]
, (3)

where vmax is the maximal velocity and ρc is the critical den-
sity.

The lattice hydrodynamic model has been widely ex-
tended since it was proposed. Among the extended researches,
an important model is constructed by taking the relative den-
sity difference information into account and the governing
equation of this model is[12]

∂tρ j +ρ0
(
ρ jv j−ρ j−1v j−1

)
= 0, (4)

∂t(ρ jv j) = aρ0V (ρ j+1)−aρ jv j +λ
(
ρ j−ρ j+1

)
/ρ0, (5)

where λ is a coefficient and ρ j − ρ j+1 is the relative density
difference between lattices j and j+1.

In the above model, the density difference information is
mainly from two successive lattices. Recently, Zhang et al.[26]

considered the influence of driver’s self-anticipative density
information on traffic stability and presented the following
model:

∂tρ j +ρ0
(
ρ jv j−ρ j−1v j−1

)
= 0, (6)

∂t(ρ jv j) = aρ0V (ρ j+1)−aρ jv j

+ak
(
ρ j+1−ρ j+1(t + τ0)

)
/ρ0, (7)

where τ0 is the anticipative time, ρ j+1−ρ j+1(t + τ0) denotes
the self-anticipative density difference of lattice j+1, and k is
the reaction coefficient.

The self-anticipative density information in Zhang’s
model is set to be at a fixed time. But in real traffic situation,
the road traffic motion process is a continuous process. So, it
is more reasonable to study the continuous anticipative traffic
information on traffic flow. On the other hand, in the V2V
environment, multiple-preceding-vehicles traffic information
can be obtained and used for the considered vehicle to adjust
its motion behavior. In view of these reasons, a new lattice hy-
drodynamic model by considering the effect of multiple-lattice
self-anticipative density integration is presented as

∂tρ j +ρ0
(
ρ jv j−ρ j−1v j−1

)
= 0, (8)

∂t(ρ jv j) = aρ0V (ρ j+1)−aρ jv j

+
γ

ρ0

m

∑
p=1

t0∫
s=0

(ρ j+p(t)−ρ j+p(t + s)) ds, (9)

where m is the number of preceding lattices and γ is the reac-
tion coefficient. The integration of the self-anticipative density
means that the density information is continuous.

120201-2



Chin. Phys. B Vol. 30, No. 12 (2021) 120201

By linearizing the self-anticipative density term ρ j+p(t +
s) for t, it follows that

ρ j+p(t + s) = ρ j+p(t)+ s∂tρ j+p(t). (10)

Then, equation (9) can be simplified in terms of Eq. (10) into

the following formula:

∂t(ρ jv j) = aρ0V (ρ j+1)−aρ jv j−
γt2

0
2ρ0

m

∑
p=1

(∂tρ j+p(t)). (11)

Further, by substituting Eq. (11) into Eq. (8), one has

∂
2
t ρ j +ρ0

{[
aρ0V (ρ j+1)−aρ jv j−

γt2
0

2ρ0

m

∑
p=1

(∂tρ j+p(t))
]
−
[

aρ0V (ρ j)−aρ j−1v j−1−
γt2

0
2ρ0

m

∑
p=1

(
∂tρ j+p−1(t)

)]}
= 0. (12)

Then, equation (12) can be rewritten into the following density dynamical equation:

∂
2
t ρ j +aρ

2
0
(
V (ρ j+1)−V (ρ j)

)
+a∂tρ j−

1
2

γt2
0

m

∑
p=1

(
−∂tρ j+p(t)−∂tρ j+p−1(t)

)
= 0. (13)

3. Theoretical analysis
3.1. Linear stability analysis

Linear stability analysis of the new model is implemented
in this subsection. The analysis is carried out for a ring road.
It is supposed that the traffic flow is stable when the road traf-
fic density of every lattice is the average density ρ0 and every
vehicle on the ring road moves at the same optimal velocity
V (ρ0), so the stable solution of traffic flow is

ρ j(t) = ρ0, v j(t) =V (ρ0). (14)

To derive the linear stability, the density of lattice j per-
turbed by y j(t) is expressed as

ρ j(t) = ρ0 + y j(t). (15)

By substituting Eq. (15) into Eq. (13), and making the
resulting Eq. (13) linearized, it follows that

∂
2
t y j +aρ

2
0V ′
(
y j+1− y j

)
+a∂ty j

−1
2

γt2
0

m

∑
p=1

(
∂ty j+p(t)−∂ty j+p−1(t)

)
= 0, (16)

where V ′ = dV (ρ)/dρ|ρ=ρ0 .
Let y j(t) = exp(ik j + zt) and substitute it into Eq. (16),

then the differential equation of Eq. (16) will be able to be
transformed into the following algebraic equation of z

z2 +aρ
2
0V ′
(

e ik−1
)
+az

−1
2

γt2
0

m

∑
p=1

(e ikp− e ik(p−1))z = 0. (17)

Furthermore, we insert z = z1(ik)+ z2(ik)2 + · · · into Eq. (17)
and derive the first-order and second-order terms of ik as fol-
lows:

z1 =−ρ
2
0V ′, (18)

z2 =−
1
a

z2
1−

1
2

ρ
2
0V ′+

1
2a

γt2
0 mz1. (19)

The linear stability depends on the value of z2 in view of
long-wavelength mode. The traffic flow is stable when z2 > 0,
but becomes unstable when z2 < 0. So, the stable condition is

a >−2ρ
2
0V ′− γt2

0 m. (20)

The neutral stability condition is

a =−2ρ
2
0V ′− γt2

0 m. (21)

From Eq. (21), we can draw the neutral stability lines in
the density–sensitivity space for different values of m and the
result is shown in Fig. 1.
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Fig. 1. Neutral stability lines in the density–sensitive space.

In Fig. 1, the neutral stability lines are derived for m = 1,
2, and 3 when t0 = 0.4, γ= 1, vmax = 2, ρ0 = ρc = 0.25. Also,
we consider the case when γ = 0, which is corresponding to
the situation where no lattice self-anticipative density integra-
tion effect is considered. It is clear from Eq. (21) that the re-
gion above each neutral stability line is the stable region, and
the region below each neutral stability line is the unstable re-
gion in Fig. 1. Also, it is observed that the neutral stability
line for γ = 0 is higher than that for γ 6= 0. Moreover, the
neutral stability lines go down gradually when γ 6= 0 and m
increases from 1 to 3. This reveals that the unstable traffic
region can be reduced by considering lattice self-anticipative
density integration effect, and the unstable traffic region can be
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further shrunk if more-preceding-lattice self-anticipative den-
sity integration effect is considered. In other words, the lat-
tice self-anticipative density integration effect can improve the
stability of traffic flow, and the stabilization effect is more ob-
vious when more-preceding-lattice information is taken into
account.

3.2. Nonlinear analysis

In view of the linear stability analysis result, it is clearly
shown that the density–sensitive space is divided into the sta-
ble region and the unstable region. Theoretically, the traffic
flow in the stable region is resistive to a small outside distur-
bance, but it in the unstable region will evolve into traffic con-
gestion under a small outside disturbance. To show the form
and propagation rule of the density wave in the unstable re-
gion, a long-wavelength expansion is used for the new model
in the unstable region near the critical point (ρc,ac). For the
space variable j and time variable t, ε (0 < ε� 1) is the slow
scale, the slow variables X and T are defined as

X = ε( j+bt), T = ε
3t, (22)

where b is undetermined.
Let

ρ j(t) = ρc + εR(X ,T ), (23)

substitute Eq. (23) into Eq. (13), and further expand Eq. (13)
to the fifth-order of ε , then it will follow

ε
2 (b+ρ

2
c V ′(ρc)

)
∂X R

+ε
3
(

1
a

b2 +
1
2

ρ
2
c V ′(ρc)−

1
2a

γt2
0 bm

)
∂

2
X R

+ε
4
[(

1
6

ρ
2
c V ′(ρc)−

1
4a

γt2
0 b

m

∑
p=1

(
p2− (p−1)2))

∂
3
X R

+
1
6

ρ
2
c V ′′′(ρc)∂X R3 +∂T R

]
+ε

5
[(

1
24

ρ
2
c V ′(ρc)−

1
12a

γt2
0 b

m

∑
p=1

(
p3− (p−1)3))

∂
4
X R

+

(
1
a

2b− 1
2a

γt2
0 m
)

∂T ∂X R+
1

12
ρ

2
c V ′′′(ρc)∂

2
X R3

]
= 0, (24)

where

V ′(ρc) = dV (ρ)/dρ|ρ=ρc , V ′′′(ρc) = d3V (ρ)/dρ
3|ρ=ρc .

In the neighborhood of the critical point (ρc,ac), let τ =

(1+ ε2)τc, b =−ρ2
c V ′(ρc), then equation (24) will be able to

be simplified into

∂T R−g1∂
3
X R+g2∂X R3

+ε(g3∂
2
X R+g4∂

4
X R+g5∂

2
X R3) = 0, (25)

where

g1 = −1
6

ρ
2
c V ′(ρc)+

1
4ac

γt2
0 b

m

∑
p=1

(
p2− (p−1)2),

g2 =
1
6

ρ
2
c V ′′′(ρc),

g3 = −1
2

ρ
2
c V ′(ρc),

g4 =

(
1
24

ρ
2
c V ′(ρc)−

1
12ac

γt2
0 b

m

∑
p=1

(
p3− (p−1)3))

−
(

1
ac

2b− 1
2ac

γt2
0 m
)

×
(

1
6

ρ
2
c V ′(ρc)−

1
4ac

γt2
0 b

m

∑
p=1

(
p2− (p−1)2)),

g5 =
1

12
ρ

2
c V ′′′(ρc)−

1
6ac

(
2b− 1

2
γt2

0 m
)

ρ
2
c V ′′′(ρc).

Adopting the following transformation:

T ′ = g1T, R =

√
g1

g2
R′, (26)

equation (25) can be transformed into

∂T ′R
′−∂

3
X R′+∂X R′3 + εM

[
R′
]
= 0, (27)

where

M[R′] =
1
g1

(
g3∂

2
X R′+g4∂

4
X R′+

g1g5

g2
∂

2
X R′3

)
.

Equation (27) is the standard modified Korteweg–de-
Vries (mKdV) equation with an O(ε) correction term. If we
ignore the O(ε) term, equation (27) is reduced to the mKdV
equation with a kink–antikink solution as

R′0(X ,T ′) =
√

c tanh
(√

c
2
(
X− cT ′

))
, (28)

where c is the propagation velocity for the kink–antikink solu-
tion.

By solving (R′0,M[R′0]) ≡
∫ +∞

−∞
dXR′0M[R′0] = 0, where

M[R′0] = M[R′], the value of c is

c =
5g2g3

2g2g4−3g1g5
. (29)

So, the kink–antikink solution is

ρ j = ρc +

√
g1c
g2

(
ac

a
−1) tanh

√
c
2
(

ac

a
−1)

×
[

j+
(

1− cg1

(
ac

a
−1
))

t
]
. (30)

4. Numerical simulation
Numerical simulation of the new model is carried out to

reveal the influence of multiple-lattice self-anticipative den-
sity integration effect on the evolution process of traffic flow.
The simulation is conducted under periodic boundary condi-
tion. For convenience of simulation, we rewrite Eq. (13) into
the following difference equation:

ρ j(t +2τ) = 2ρ j(t + τ)−ρ j(t)− τ
2aρ

2
0
(
V (ρ j+1)−V (ρ j)

)
120201-4
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−aτ (ρ j(t + τ)−ρ j(t))

+
1
2

τγt2
0

m

∑
p=1

(ρ j+p(t + τ)−ρ j+p(t)

−ρ j+p−1(t + τ)+ρ j+p−1(t)), (31)

where τ = 0.1 is the time step.
The initial traffic condition is

ρ j(1) = ρ j(0) =

 ρ0, j 6= 100,99,
ρ0−0.1, j = 100,
ρ0+0.1, j = 99.

(32)

The other simulation parameters are selected as N = 100,
a = 1.7, vmax = 2, ρ0 = ρc = 0.25, and τ0 = 0.4. The sim-
ulation results are shown in Figs. 2–8.

Figure 2 shows the space–time density wave evolution
patterns of the new model when γ = 0, indicating that no
preceding-lattice self-anticipative density integration informa-
tion is considered. Specifically, figure 2(a) shows the density
wave in the initial t = 500 time steps, and figure 2(b) reveals
the density wave after t = 500 time steps. From Fig. 2, it can
be seen that the initial disturbed stable traffic flow will evolve
into traffic density wave and the oscillation of the density wave
becomes more and more serious. Also, the final unstable traf-
fic density wave takes on traffic density wave of high density
region and that of low density region alternately. This den-
sity form can be described by the kink–antikink solution of
the mKdV equation.
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Fig. 2. Spatiotemporal evolution patterns of density wave when γ = 0.

Similarly, figures 3–5 describe the density evolution pat-
terns of the new model obtained when γ = 1, and m = 1,
2, and 3 respectively. In Fig. 3, we find out that the ini-
tial stable traffic flow still becomes unstable under a distur-
bance, but the vibration level of the density wave is smaller

than that in Fig. 2. It shows that the single-preceding-lattice
self-anticipative density integration information can reduce the
unstable level of traffic congestion. Furthermore, when two-
preceding-lattice self-anticipative density integration effect is
taken into account, we can see from Fig. 4 that the severity of
traffic congestion has been lowered ulteriorly in comparison
with Figs. 2 and 3. Finally, when three-preceding-lattice self-
anticipative density integration effect is considered, it can be
seen from Fig. 5 that the perturbation disappears in the traf-
fic flow evolution process and the traffic flow recovers to the
initial stable state. So, it is quite clear from Figs. 2–5 that the
preceding-multiple-lattice self-anticipative density integration
effect is very helpful in suppressing traffic congestion.
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Fig. 3. Spatiotemporal evolution patterns of density wave when γ = 1 and
m = 1.
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Fig. 4. Spatiotemporal evolution patterns of density wave when γ = 1 and
m = 2.
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Fig. 5. Spatiotemporal evolution patterns of density wave when γ = 1 and
m = 3.

Meanwhile, figure 6 describes the density evolution pro-
files of lattices j = 90, 80, and 70 at the first t = 500 time steps
for different values of γ and m. The pattern in Fig. 6(a) corre-
sponds to the case where no preceding-lattice self-anticipative
density integration information is considered. The patterns
in Figs. 6(b)–6(d) correspond to the situations where the
preceding-lattice self-anticipative density integration informa-

tion is considered, and the considered numbers of preceding

lattices are m = 1, m = 2, and m = 3, respectively. In Fig. 6, in

a short simulation time step, the outer side disturbance causes

the initial stable traffic flow to evolve into a local fluctuation.

The local fluctuation propagates backward from lattice j = 90

to j = 70. Also, the scale of the local fluctuation becomes

smaller and smaller when the preceding-multiple-lattice self-

anticipative density integration effect is taken into account by

comparing the patterns in Figs. 6(a)–6(d).

Corresponding to Fig. 6, figure 7 provides the density

evolution profiles of lattices j = 90, 80, and 70 in the time in-

terval between t = 9000 and t = 10000 time steps under the

same conditions. In Fig. 7, it is noted that the final traffic

states, no matter whether it is stable or not, are quite similar

to each other for lattices j = 90, 80, and 70 when the con-

sidered preceding-lattice number is fixed. This means that

the traffic flow stability is a system-involved problem: it is

independent of the selection of lattice number. In addition,

by comparing the variation tendency of traffic states from the

patterns in Fig. 7(a) to that in Fig. 7(d), it is shown that the

unstable traffic flow has been alleviated gradually when more-

preceding-lattice self-anticipative density integration informa-

tion is considered, and the traffic congestion can completely be

eliminated when three-preceding-lattice self-anticipative den-

sity integration information is taken into account.
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Fig. 6. Density evolution profiles of lattices j = 90, 80, and 70 at the first t = 500 time steps for different values of γ and m: (a) γ = 0, (b) γ = 1
and m = 1, (c) γ = 1 and m = 2, (d) γ = 1 and m = 3.

Figure 8 gives the density evolution profiles of lattices j = 80 from t = 0 and t = 10000 time steps corresponding to the
cases where γ = 0 in Fig. 8(a), γ = 1 and m = 1 in Fig. 8(b), γ = 1 and m = 2 in Fig. 8(c), γ = 1 and m = 3 in Fig. 8(d). From
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Fig. 8 we can see that the traffic evolution processes under a disturbance for different values of γ and m are quite different.
The intensity of density wave fluctuation is the greatest when the preceding-lattice self-anticipative density integration is not
taken into account. However, the unstable level of traffic density wave decreases gradually when the preceding-multiple-lattice
self-anticipative density integration information is considered. When three-preceding-lattice self-anticipative density integration
information is considered, the traffic density wave disappears. It further verifies the stabilization effect of multiple-lattice self-
anticipative density integration on traffic flow.

Time step

9000 9200 9400 9600 9800 10000

0.15

0.20

0.25

0.30

0.35

D
e
n
si

ty

0.15

0.20

0.25

0.30

0.35

D
e
n
si

ty

0.15

0.20

0.25

0.30

0.35
D

e
n
si

ty

0.15

0.20

0.25

0.30

0.35

D
e
n
si

ty

Time step

9000 9200 9400 9600 9800 10000

Time step

9000 9200 9400 9600 9800 10000
Time step

9000 9200 9400 9600 9800 10000

j/
j/
j/

j/
j/
j/

j/
j/
j/

j/
j/
j/

(a) (b)

(c) (d)

Fig. 7. Density evolution profiles of lattices j = 90, 80, and 70 from t = 9000 to t = 10000 time steps for different values of γ and m: (a) γ = 0, (b)
γ = 1 and m = 1, (c) γ = 1 and m = 2, (d) γ = 1 and m = 3.
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Fig. 8. Density evolution profiles of lattices j = 80 from t = 0 to t = 10000 time steps for different values of γ and m: (a) γ = 0, (b) γ = 1 and m = 1,
(c) γ = 1 and m = 2, (d) γ = 1 and m = 3.
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5. Conclusions
In this paper, a new traffic lattice hydrodynamic model

is proposed to study the influence of multiple-lattice self-
anticipative density integration on traffic flow in the V2V en-
vironment. Firstly, with the linear analysis method and the
nonlinear analysis method, the new model’s linear stability
condition is derived and the propagation rule of the traffic
density wave in the unstable region is revealed, respectively.
It is shown that the unstable traffic density wave can be de-
scribed by the solution of the mKdV equation. Then, through
numerical simulation, the influence of multiple-lattice self-
anticipative density integration on traffic stability is verified.
The results show that multiple-lattice self-anticipative density
integration effect can enhance the stability of traffic flow.
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