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The car-following behavior can be influenced by its driver’s backward-looking effect. Especially in traffic congestion,
if vehicles adjust the headway by considering backward-looking effect, the stability of traffic flow can be enhanced. A
model of car-following behavior considering backward-looking effect was built using visual information as a stimulus. The
critical stability conditions were derived by linear and nonlinear stability analyses. The results of parameter sensitivity
analysis indicate that the stability of traffic flow was enhanced by considering the backward-looking effect. The spatiotem-
poral evolution of traffic flow of different truck ratios and varying degrees of backward-looking effect was determined by
numerical simulation. This study lays a foundation for exploring the complex feature of car-following behavior and making
the intelligent network vehicles control rules more consistent with human driver habits.

Keywords: traffic flow, car-following model, visual angle, backward-looking effect

PACS: 45.70.Vn, 89.40.—a

1. Introduction

Car-following models have always been an important re-
search topic in the field of microscopic traffic flow and sta-
tistical physics. It has significant application in complex sys-
tems, traffic simulation, and intelligent driving. Numerous car-
following models have been developed in the past decades,
and they have important theoretical significance for a pro-
found understanding of complex random characteristics, criti-
cal phase transitions, and stability of traffic flow.

Since the concept of car-following model was proposed
in the early 1950s, hundreds of important car-following mod-
els have been proposed.!'-®! In recent years, many different

car-following models®-!8]

are put forward under the modern
traffic situation and lots of scholars devote themselves in inves-
tigating the behavior of car following.['”! To enrich the traf-
fic flow theory, some scholars proposed extended traffic flow

(201 However, most models only consider the driver’s

models.
perception of the leading vehicle’s motion status information
and completely ignore the stimulation of rear vehicle’s motion.
In an actual driving environment, the driver will also observe
the movement of rear vehicle through the rearview mirror and
use it as a basis for adjusting the speed of own vehicle to pre-
vent the rear vehicle from rear-end collision due to its own
emergency braking. Especially when traffic is congested or
vehicles frequently change lanes, the rear-view effect is more
obvious. At the same time, when the distance between two
vehicles in the front and rear is small, a severe deceleration of

DOI: 10.1088/1674-1056/abc3b3

the front vehicle may cause the rear vehicle to brake urgently
or even cause a rear-end collision, which may cause conges-
tion and security risks. Therefore, to ensure their own safety
and smooth traffic, the drivers will comprehensively judge the
state of leading and following vehicles to adjust their driving
behavior when driving. The rear-view effect helps the driver to
maintain the distance between front and rear vehicles as con-
sistent as possible which effectively stabilizes the traffic flow.

In recent years, the effect of rear car’s movement on car-
following behavior has been gradually considered, and rele-
vant models have been established. Sun et al.[>!l proposed a
car-following model by considering the backward-looking ef-
fect and speed difference and showed that the consideration of
above factors simultaneously can enhance the stability of traf-
fic flow and effectively suppress the traffic jam. Ge et al.[*?!
proposed a feedback control car-following model that con-
siders the headway of front and rear vehicles and conducted
a stability analysis of the model from a cybernetic perspec-
tive, confirming the important role of feedback control sig-
nals in suppressing and alleviating traffic congestion. Chen et
al.”>3! proposed a car-following model that considers driver’s
sensory memory and the backward-looking effect, exhibit-
ing good traffic flow stabilization performance. Based on the
GIPPS safety distance model, Yang et al.!**! further consid-
ered the backward-looking effect and developed a new model.
They found that the consideration of backward-looking effect
has three types of effects on traffic flow: stabilization, destabi-
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lization, and nonphysical phenomena. These models provide
important reference value for understanding the effect of rear
car on the car-following behavior and have important signifi-
cance for understanding the factors influencing car-following
behavior in a complex environment.

Howeyver, all the above-mentioned models assume that the
drivers can accurately perceive the speed, distance, and other
variables of the rear car, contrary to the driver’s perception
characteristics. Related studies in the field of psychology!?>-26]
show that the driver cannot accurately perceive the state pa-
rameters such as speed and distance; therefore, the following
car model based on accurate parameters cannot describe the
real driving behavior well. In an actual driving environment,
the driver mainly relies on visual information to perceive the
vehicle’s movement and then changes his or her own accel-
eration. In recent years, studies have also been conducted on
the visual angle car-following model.[>’=3% Jin et al.[8] in-
troduced visual angle as a stimulus for driver to perceive the
leading vehicle and built a relevant car-following model. The
simulation results show that the model can better describe the
characteristics of driver’s asymmetry in acceleration and de-

1.2%1 pro-

celeration and speed fluctuation. Recently, Ma et a
posed that the solid angle composed of the width and height of
the vehicle is a factor influencing the car-following behavior
and established the new model using the solid angle as the in-
fluencing factor. However, all the car-following models based
on visual information focus on the influence of leading vehi-
cle. It is still theoretically significant how to reconstruct the
car-following behavior under the combined influence of front
and rear vehicles and define more reliable stability conditions
of traffic flow parameters.

Based on the above analysis, this study assumes that dur-
ing the car-following behavior, the driver judges the movement
of leading car and following car depending on visual informa-
tion and establishes the calculation method of visual angle and
its rate of change of front and rear vehicles. On this basis,

a fusion mechanism is proposed for the visual information of
front and rear vehicles, and then a car-following model is de-
veloped under the influence of backward-looking effect. Fur-
ther analysis of model characteristics and advantages such as
stability analysis, numerical simulation, and model compari-
son provides a basis for building a more realistic and effective
microscopic traffic flow model. Using visual angle as influenc-
ing factor is a better indicator of human drivers’ awareness.
Especially for the rear car, the drivers are harder to perceive
the headway and the velocity. The only way to judge the rear
car’s behavior is observing the change of the rear car’s size
in the driving mirror. Therefore, adopting visual angle in the
model can more truly describe the backward-looking effect.
Although the theoretical analysis and numerical simulation are
similar to those in previous works, there are differences in
some aspects such as the asymmetry of the stability and the
size of the stability region. So that the results in our paper
are more consistent with the actual situation. The backward-
looking effect formed by visual angle can better describe the
influence of the oversize vehicles. In reality, the oversize vehi-
cles such as trucks and buses occupy certain proportion which
the traditional models cannot reflect the influence of.

2. Model

In addition to adjusting the speed and acceleration by ob-
serving the leader’s movement, the driver will also observe the
change in the movement of rear vehicle through the rearview
mirror. Especially when the rear vehicle is a large vehicle, the
driver is more willing to increase the distance from the rear car
to improve safety.

Therefore, this study proposes a car-following model
framework that considers both front and rear vehicle’s visual
information. In this framework, the vehicle size can be intro-
duced into the new model. During the car-following process,
the driver’s perception of visual angle information of front and
rear vehicles is shown in Fig. 1.

=——— _ _ {ﬁ': e —r—
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Fig. 1. Driver’s sensitivity of forward and backward visual information.

The formula for calculating the visual angle of leading
vehicle (n + 1)-th vehicle) to the target vehicle (n-th vehicle)
can be given as follows:

0, (t) _ Wn+1

Axn (t) - ln+1 ’

where 6,p(¢) means the visual angle formed by the n-th car

ey

and the car in front of it, w, is the width of leading vehicle

and [,y is the length of leading vehicle. Ax,(¢) is the distance
between n-th car and its leading car at time ¢. The calculation
formula is as follows:

Axn(t):xn+l (t)_xn(t)v 2)

Similarly, the formula for calculating the visual angle of
following vehicle (the (n — 1)-th vehicle) relative to the target
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vehicle can be expressed as follows:

Wn—1
0 (1) = 3)
where 0,5(f) means the visual angle formed by the n-th car
and the car behind it and w,_; is the width of the following
vehicle.
The driver optimizes the speed according to the visual an-
gle of front and rear vehicles; therefore, the optimized velocity
function can be expressed as follows:

VE [0ur (1)]
= V1F+V2Ftanh{C1F {;;t;)} —CzF}, “4)
VB [enB (t)]

- (VIB +Vap tanh{ClB [GW;_(;) —l} —CZB}> . (5

Equation (4) shows the optimal velocity function deter-
mined by the forward visual information, while equation (5)
shows the optimal velocity function determined by the back-
ward visual information. le, VQF, Cu:, Cz]:, VlBy VQB, ClB’
and C,p are the parameters of optimal velocity function to be
calibrated. The values are Vig = Vig = 6.75 m/s, Vop = Vo =
7.91 m/s, Cip = Cip =0.13m™ !, Cop = Cop = 1.57.

Equations (4) and (5) show that the expressions of Vg and
Vk are almost the same. The main difference is the difference
in overall value direction because the influence of backward-
looking and forward-looking effects on car-following behavior
is opposite. For example, when the front car is close to the cur-
rent car, the forward visual angle increases, and the current car
will respond to deceleration. When the rear car is close to the
current car, the rear visual angle will also increase, but the cur-
rent car will respond to acceleration. The reason why the same
optimal velocity function as the function in previous work is
adopted is to contrast the new model with the FVD model di-
rectly. It is perfectly acceptable to assume the optimal velocity
function of other forms rather than the form of headway, but
then the parameters must be recalibrated.

Combining the influence of optimized velocity of front
and rear vehicles and the rate of change of visual angle, the
car-following model under the influence of backward-looking
effect can be expressed as follows:

an (1) = a0 = @ (1= p) Vi[O 1)

Vi (6 ()] — v ()} —1%9,, 0, ©

d —w, d
E@ﬂ(,) - "W =

(Ax,, ([) _ ln+1)2 thXn (t) ) @)

where p is the parameter of influencing factors of backward-
looking effect. When p = 0, the driver is not influenced by

backward-looking effect; o is the sensitivity coefficient, which
is the reciprocal of reaction time T; A is the response intensity
coefficient to the stimulation of visual angle change rate. The
value of A is larger than &, which need to be explained as
follows. Firstly, the value of A is derived according to the cal-
ibration of the actual driving data (from NGSIM) and the gen-
eral range is 40-60, which is not set casually. Secondly, the
value of A is unable to decide whether the changing rate of vi-
sual angle (as shown in Eq. (7)) can be neglected. Particularly,
in the case of the relatively small headway, the changing rate
of the forward visual angle can get large, which affected the
acceleration deeply. Thirdly, the changing rate of visual an-
gle is used as the parameter influencing acceleration and has a
significant influence on the stability analysis result.

Equation (6) describes the calculation method of acceler-
ation of target vehicle with the front and rear vehicle visual
angle information as the stimulus factor. The optimized veloc-
ity in the model is obtained from the weighted average of opti-
mized velocities decided by the forward and backward visual
angles, i.e., the driver can obtain the optimal velocity based on
the forward and backward visual angle information at the same
time and adjust his or her own speed. Essentially, this model
indicates that the driver comprehensively considers the visual
angle information of front and rear vehicles and tries to main-
tain the same visual angle forwards and backwards to maintain
the stability of headway. When p = 0, the backward-looking
effect completely disappears, and the model is simplified to

only consider the leading car./?®!

3. Linear stability analysis

The stability of car-following model is one of its impor-
tant characteristics. The propagation law of density waves in
a traffic flow can be obtained by analyzing the stability of car-
following model, which has great significance for analyzing
the formation mechanism of traffic congestion and proposing
related improvement measures.

Suppose that the initial operating state of vehicle is stable,
i.e., the headway is h (h = L/N, L is the total length of road
and N is the total number of vehicles), and all the cars main-
tain the same velocity, the optimized velocity (1 — p)Vir(6or) +
pVg(6op). Then, the initial position of each vehicle is

X0 (1) = hn+[(1 = p) Vi (6oF) + pVi (6oB)] 1. (®)

At this time, a small disturbance y,(¢) is applied in the
traffic flow so that the vehicle position changes from the steady
state, written as

X (1) = X0 () +yu (1) - )
And the headway can be expressed as follows:

Ax, () =h+ Ay, (1). (10)
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By substituting Eq. (10) into Egs. (1) and (3), the front
and rear visual angles can be calculated as follows:

0 (t) _ Wyl _ Wi+l [(h —lng1) — Ayp (t)]
nk h+Ayy (t) = lyy1 (h_ln+1)2_[Ayn (t)]z ,
(11)
Ous (1) = Wp—1 _ Wn-1 [h—Ayn—1 (1)
B h+Ay,_1 (1) h2 — Ay, (t)]2 .

Because y, () is very small, its quadratic term is ignored.
The rate of change of visual angle can be obtained by the
derivation of 8, (¢) and 6,5(¢):

Wn+1 Wn+1

) = G g

d W (12)
Q) :*mAyn(I)v

6np (1) = W';l - WZ;AYH (1), )
om0 = =" ).

By substituting the above two sets of expressions into
Eq. (6) and linearizing the optimized velocity function by Tay-

Ay, (t)}

lor expansion

Y () = a{(l —P) Vi (6or) l—ww

(h—ly1)*
Vi Bon) [~ a1 0] 0,0}
+/1(11:V’;7:+‘1)2Ay; (). (14)
Thus,
Ay (1) = ynt1 (1) =y (1), (15)
Vi (B0F) = dvd%f) |o=tor=wnir /(i) > (16)
V(o) = B0 (17)

The small disturbance y,(r) can be expressed with Fourier
mode as follows:

yn (t) =Aexp (ikn+zt). (18)

The first and second derivatives can be calculated and
substituted into Eq. (14)

2 = o 1= pwan (1) [—(hi”l)z]

+ pVg (60) (1 - e‘”‘) {—W;lz_l} —z}

+Az(ef—1) —L (19)
( ) (h - ln+l)2
z can be expanded as follows:

2 =21 (ik) +z2 (ik)* +--- . (20)

By substituting z into Eq. (19), we have

21 = (1—p) Vg (6or) [—(:V};:l)z]

+ pV (60) (— Hnl ) ;

2
) 21
Wn+1
2=—5(1-p)VE () |-
2 (h_ln+1)2
1 Wn_1 AZiwpit 2
+=pV (8oB) ( — — oz

Let z, = 0, and the critical condition of linear stability of
the model is

2 {(1 — ) Vi (60) s 1h% + Vs (80) Wit (h—In1)?
(1= p) Vi (80) Wi 1h2 — pVs (80) w1t (h—Lyy1)°

A,Wn+1 / Wn+1
)| A (1 p) Vi (B) 2
[(h—lnH)Z S =ty )?
+ Vi (80) } - 22)

When z; > 0, the traffic flow will gradually return to a
stable state under the influence of small disturbance, so the
condition that makes the model in a linear stable state is

2 {(1 — P) Vi (60) War 1%+ pVig (60) W1 (B —Lyi1)?
(1—p) Vi (60) Wi 1h% — Vi (80) Wit (B — lns1)?

Zan+1 / Wnt1
X | =+ (1= p) Vi (60) ———
[(h—lnmz T =)
+pVi (80) Tt 1} : 23)

Figure 2 shows the stability critical curve of the model un-
der different conditions, presenting the relationship between
sensitivity coefficient and headway. The four solid lines in
Fig. 2(a) from the top to the bottom are the critical curves ob-
tained by linear analysis with the conditions A = 20, 40, 60,
80, and the values of p are all 0.2. In Fig. 2(b), the four solid
lines from the top to the bottom are the critical curves obtained
by linear analysis with the conditions p =0.2, 0.1, 0.05, 0, and
all the A values are 40. The whole plot is divided into upper
and lower regions by the curve. The stable region is above the
curve, and its characteristic is that the traffic flow can run sta-
bly without obstruction. The unstable area is under the curve,
and its characteristic is that a stop-and-go phenomenon will
appear in the traffic stream with the gradual expansion of small
disturbance.

Each curve in Fig. 2 has a vertex, which is a critical point.
Multiple curves indicate that the critical point is different un-
der different parameter conditions. For the critical sensitivity
coefficient o, when o > o, i.e., the driver’s sensitivity is
high, and the sensitivity coefficient is greater than the critical
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value. Thus, the traffic flow can be smoothly maintained re-
gardless of the headway. If o < o, the state of traffic flow
mainly depends on the headway. Taking the critical headway
as a reference, increase or decrease of the headway will reduce
the requirement for the sensitivity coefficient, and the traffic
flow will more easily enter a stable state. When the headway
is near the critical value /., the sensitivity coefficient must be
increased to O to ensure the stability of traffic flow.

Figure 2(a) shows that with the increase of A, the move-
ment direction of critical point is generally downward and
slightly to the right, indicating that the critical headway is
slightly increased, the critical sensitivity coefficient is reduced
to a large extent, and the stable area in the figure becomes
larger, i.e., the driver’s attention is more concentrated. When
the driver is more sensitive to changes in visual angle, it be-
comes easier for the traffic flow to reach a stable state. As the
value of p decreases in Fig. 2(b), the critical point moves to the
upper left, the headway decreases, and the critical sensitivity
coefficient increases, indicating that the degree of considera-
tion of rear-view effect is gradually reduced. This will make it
more difficult for traffic flow to run in a stable state at a high

density.
1.0 ; . . :
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Fig. 2. Linear critical curves of different parameters: different A (a) and
different p (b).

Figure 3 compares the linear stability of critical curves
of different models. Except for the FVD model, B! all other

models consider the influence of backward-looking effect. The
stability curves of BLVD model®!! and BL & OVC model*!!

almost coincide when the critical headway is consistent, in-
dicating that these models did not substantially improve the
stability conditions. When the headway is small, the stabil-
ity region formed by the stability curve of model proposed in
this study is relatively large, indicating that the driver is more
concerned about the behavior of rear car in a congested state
and uses its behavior as a basis to adjust the speed to avoid
collisions.

— modél proy;osed
rer e FVDM 1
) ---BLVDM
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Headway (m)

Fig. 3. Critical curves of different models.

4. Nonlinear stability analysis

Nonlinear analysis is widely used in the field of nonlinear
systems. In order to analyze the nonlinear characteristic of the
new model describing the co-effect of forward and backward
visual angle, we research on its gradually changing behavior
for long waves of time and space variables around the critical
point (., hc) using the mKdV equation.

To do a relatively simple calculation, we use the Vi[x,(7)]
and Vg [x,(t)] to take the place of Vi[60,(¢)] and V5[6,(¢)] re-
spectively and equation (6) can be converted to the following
equation:

d?x, (1)
ds?

_ a{ (1= p) Vi [Axa ()] + pVis [Axa_1 (1)]

dx, (1) d
~—4 }ldlen(t),

(24)

then we can gain the expression of the (n 4 1)-th car further

d2Xn+1 ([)

a2 a{ (1= p) Ve [Axnp1 (1)) + PV [Ax, (1)]

dX,H,l ([) d
dt} A6 (1)

Subtract Eq. (24) from Eq. (25) and we can derive

(25)

2
dixit;(t) — a{ (l —p) [VF (Axn+1) —VE (Axn)]

+p[Ve (Axy) — Vi (Ax, )] — dAZ;(f)}

d

d
-2 |:dt6n+] (1) - aen (l‘)} : (26)
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The condition & = ¢ is satisfied near the critical point
and we define the slow variables X and 7 as follows using the
space variable n and the time variable  in the range 0 < € < 1.

X =¢(ntbr), 27)
T = ¢t (28)

Thereinto, b is a constant coefficient undetermined and
we assume that the headway between two cars is

Ax, (t) = he+€R(X,T). (29)

Expanding Eq. (26) in Taylor’s series and taking to the
fifth term of €, we can get the following equation:

e*mi xR+ €’ mydgR+ €* (OrR+m395R + myoxR’)
+&° (msdxIrR+mgdy R +m79¢R*) = 0. (30)

The expressions of parameters m; (i =1, 2, 3,4, 5, 6, 7) are

my =b—(1—p)Vg—pVg,
PP +APb (1-p)Vi+pVy

my

o 2 ’
s — APb  (1—p)Vi+pVh
20 6 ’
1— " "
m4:—( p)VE' + pV4 7 m5:2b—|—Pl,
6 o
o _APb (1= p) Vit pVy
™ 6a 24 ’
A0b  (1—p)V{'+ pWg’
m7 = - )
o 12
where
V' =[dV(Ax)) /dAx]| s
3 3
V" = [dV(Ax;) /dAx] | N

Here P and Q are constants which are expressed as
P=—wyi1/(he — ln+l)2 and Q = —3wy1/(he — ln+l)4‘

Around the critical point, the parameter b is equal to
(1—p)VE+ pVi, ac = (1+€?) @, so equation (30) is reduced
to the following equation:

et (8TR - g18§R+g28XR3)
+&° (g30%R + g4 R+ g5z R’) =0, (31)

Thereinto, the expression of g; (i = 1, 2, 3, 4, 5) can be written
as follows by calculation:

C ViE(1-p)V AP

6 20
W+ -pW _ b*+APb
82 = 6 , 83 = o 3
b(pVE+ (1—p) V4 +2AP)
84 =
3o

APb(2b+PA) pVE+(1-p)Vy

206 24
[P+ (1= p) V'] (2b+ AP) + 610D
85 = 60t
P =)W
12 '

As we can see in the following equation, the variables
are supposed to be converted to another form and the purpose
of the transformation is to derive the modified KdV equation
which is with infinitesimal of higher orders.

T =gT, (32)
R= [8R. (33)
82

Then we deduce the following regularized equation
R — B3R +xR"

te [‘%a)%R’ L8R gSa)%Rﬂ —0, (34
81 81 82

which includes the correction term O(g). What we do next is

ignoring the term O(¢€) to get further the mKdV equation with

the kink—antikink soliton solution

R (X,T') = /ctanh { S - cT’)} . (35)

Then we assume and reconsider the O(€) correction term. As
a result, the propagation speed ¢ can be composed of the pa-
rameters g;

o 58283
28284 — 38185

Therefore, the kink—antikink soliton solution of the headway

(36)

is expressed in the following form
s1¢ (ac—l)tanh{ S(Z-1)
g \«a 2\«
107
x [n+(1—cg, (;—1))4} 37)

the amplitude of the solution is equal to

A:,/%(%—l). (38)

The expressions Ax = h; +A and Ax = h, — A represent the
headways of two opposite phases, the low-density free flow

Ax,(t) = he+

phase and the high-density congested phase. The two men-
tioned phases can be combined into one coexisting phase
which can be indicated by the kink—antikink soliton solution.
Consequently, we achieve our goal of depicting the traffic flow
state around the critical point (¢, i) adopting the solution of
the mKdV equation.

In Fig. 4, the black curves are the linear stability critical
curves and the red curves with the same relative line style are
the nonlinear stability critical curves. Obviously, the addition

of nonlinear stability critical curves under the same conditions
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divides the whole picture into three regions, namely, the sta-
ble region (the common region above the two curves under the
same conditions), the metastable region (the region between
the two curves) and the unstable region (the common region
below the two curves). Since the driver’s behavior is asym-
metrical in the process of acceleration and deceleration, the
nonlinear stability curves show the characteristics of asymme-
try which is similar to the linear stability curves.

0.6

(a) " ' " A=120 linear
- -- =30 linear
0.5 . A =40 linear
o~ —— A =20 nolinear
E 0.4r - - - X=30 nolinear
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>
=
2
=045
=
[
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Fig. 4. Linear critical curves of different parameters: different A (a) and
different p (b).

5. Numerical simulation

To further illustrate that the introduction of rear-view ef-
fect can more accurately describe the real driving behavior and
its spatial and temporal evolution, the model characteristics
were analyzed in depth by numerical simulation. In the simu-
lation, all vehicles have the same size: The length is / =5 m,
and the width is w = 1.8 m. A periodic boundary condition is
set as the length of ring road L = 1500, and the total number of
vehicles N = 100. The initial state is stable, i.e., the vehicles
are evenly distributed, and the running velocity is the same. In
the initial state, the initial position of the first car is 1, indi-
cating that a small disturbance is applied to the first car. The

initial state of the vehicles can be expressed as follows:

W=V (60) = (1—p)Ve(6or) +pVi (608),  (39)
1, n=1

0 )
* n=273...,N.

"= ) (40)

L
N7

The running state parameters of the vehicles can be expressed
as follows:

v (t+A) =v, (1) + At -a, (1), (41)
v (t 4+ A1) + v, (t)
—

This section aims to verify the effect of different factors

X (1 +At) = x, (1) + (42)

by setting different experimental conditions to prove that the
proposed model can further enhance the stability of traffic flow
by considering the forward and backward vision effects.

Figure 5 shows the position distribution of each car under
different values of p for a period after the disturbance is ap-
plied. The period is selected as t = 2000 s—2200 s; p is 0, 0.1,
0.2, and 0.3; A is 5, and other parameters remain the same.
The aim is to directly analyze the influence of rate of change
of visual angle in the model. In the three pictures shown
in Figs. 5(a)-5(c), the uneven distribution of vehicles can be
clearly observed, showing that the vehicles on the ring road are
sparsely or densely distributed on different road sections, i.e.,
the stop-and-go phenomena. Beyond that, with the increase
of p, the driver’s visual perception of rear car becomes strong,
and the degree of sparse or dense lines of the vehicle grad-
ually slows down. The width and number of stripes that can
describe the traffic congestion decrease, i.e., the region of con-
gestion becomes smaller, and the stop-and-go phenomenon is
alleviated. When p = 0.3, i.e., the stability condition is sat-
isfied, the disturbance of traffic flow disappears after 2000 s,
the headway between vehicles remains equal and unchanged,
and the traffic flow enters a stable state. This shows that it can
effectively enhance the stability of traffic flow for the driver to
adjust the observation ratio of forward and backward informa-
tion to a certain extent.

Because the model proposed in this study can describe the
effect of different car sizes on the driver’s rear-view effect, it
was considered to add large cars and set different proportions
in the simulation process. The size of a large car was set to
5-m long and 2.5-m wide. In the simulation, the proportion of
large vehicles was set to 0.2, 0.1, 0.05, and 0.02; A is 10; p
is 0.2; other parameters were kept the same. Figure 6 shows
the change trend of vehicle headway under different propor-
tions of large vehicles after a disturbance is applied. The time
points of the two figures are t = 300 s and r = 2000 s. Figure 6
shows that with the increase in the proportion of large vehi-
cles, the amplitude of up and down fluctuations of headway
decreases, and the stop-and-go phenomenon gradually slows
down. This indicates that the stability of traffic flow can be
improved if there is a certain proportion of large vehicles on
the road, whether the large vehicle is observed as the leading
car or the rear car because large cars can increase the driver’s

attention and sensitivity to changes in their behavior.
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Fig. 5. Spatiotemporal vehicle trajectory diagrams for different values of p: (a) p =0, (b) p=0.1,(c) p=0.2, and (d) p=0.3.
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Because there are certain differences in the driving habits
of drivers, there will be different decisions on whether to con-
sider the backward-looking effect. Figure 7 shows the spatial
and temporal evolution of a headway within a period after the
disturbance is applied under different vehicle proportions con-
sidering the backward-looking effect. In the simulation, the

proportion of vehicles considering the backward-looking ef-
fect was set to 0, 0.5, 0.8, and 0.95; the p value is 0.25; the
A value is 5; other parameters were also consistent. All the
curves in the three graphs of Figs. 7(a)-7(c) fluctuate signifi-
cantly, indicating that the traffic flow is unstable. In Fig. 7(a),
all vehicles are only influenced by the front visual angle. The
headway greatly fluctuates in the traffic flow. The vehicle is
in a stop-and-go state, and the traffic flow is congested. In
Fig. 7(b), the number of vehicles that only considers the front
visual angle and the number of the vehicles that considers both
the front and rear visual information make up half of the total
number of vehicles. There is still a large fluctuation in the
headway. The distribution of headway is discontinuous and
varies between two sets of similar data. Such a ratio makes the
situation of traffic flow more complex. In Fig. 7(c), the ratio of
vehicles considering front and rear visual information simul-
taneously is 80%. The distance between the heads still fluctu-
ates, but the amplitude is significantly reduced compared to the
previous two cases. An uneven distribution phenomenon still
exists, but it is obviously alleviated. The traffic flow tends to
be more stable. In Fig. 7(d), 95% of the vehicles consider both
the front and rear visual information. The head-to-head dis-
tance remains unchanged. The small fluctuations are caused
by a small number of vehicles that only observe the vehicle in
front. The traffic flow is basically stable. Based on the above
analysis, the influence of driver’s perception of the rear-view
effect on car-following behavior can promote the stability of
the traffic flow. This also provides a basis for building an intel-

ligent vehicle control model with the traffic flow stabilization.
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Fig. 7. Spatiotemporal evolution of distance headway considering different proportions of visual information forward and backward: (a) rate =

0, (b) rate = 0.5, (c) rate = 0.8, (d) rate = 0.95.

6. Conclusion

This study fully considers the characteristics of driver’s
corresponding car-following behavior by visually acquiring
the front and rear vehicle information during driving, intro-
duces a concept of visual angle to describe the visual stimuli
of front and rear vehicles, and proposes a car-following model
under the influence of rear-view. Through linear stability anal-
ysis, a critical stability condition of the model was obtained.
The stable area of traffic flow can be expanded by increasing
the driver’s sensitivity to the rate of change of visual angle
and increasing the ratio of considering the backward-looking
effect. The result of nonlinear stability analysis is consistent
with that of linear stability analysis. Using numerical simu-
lation to further analyze the characteristics of the model, the
results show that different parameter settings, different sizes
of large vehicles, and the proportion of backward-looking ef-
fects have a significant effect on the spatiotemporal evolution
of traffic flow. Therefore, consideration of the visual char-
acteristics of human driver in the model can be closer to the
real situation. The driver observes the traffic conditions for-
wards and backwards with a reasonable allocation ratio and
then makes driving decisions, conducive to the stability of traf-
fic flow. This study also provides a basis for studying vehicle
control rules in an intelligent networked environment.
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