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Abstract Based on the driver’s individual difference
of the driver’s perception ability, we in this paper develop a new fundamental diagram with the driver’s
perceived error and speed deviation difference. The
analytical and numerical results show that the speeddensity and flow-density data are divided into three
prominent regions. In the first region, the speeddensity and flow-density data are scattered around the
equilibrium speed-density and flow-density curves of
the classical fundamental diagram theory, where the
widths of these scattered data are very narrow and
slightly increase with the real density (i.e., the scattered data appear as two thicker lines); the running
speed is approximately equal to the free flow speed
and the real flow approximately linearly increases
with the real density. In the second region, the speeddensity and flow-density data are scattered widely
in a two-dimensional region, but the shapes of these
widely scattered data are related to the properties of
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the driver’s perceived error and speed deviation difference. In the third region, the scattered speed-density
and flow-density data appear but these scattered data
will quickly degenerate into the equilibrium speeddensity and flow-density curves with the increase of
the real density. Finally, the numerical results illustrate that the new fundamental diagram theory also
produces the F-line, U-line, and L-line. The shapes of
the scattered data, F-line, U-line, and L-line are relevant to the properties of the driver’s perceived error
and speed deviation difference. These results are qualitatively accordant with the real traffic, which shows
that the new fundamental diagram theory can better
describe some complex traffic phenomena in the real
traffic system. In addition, the above results can help
us to further explain why the widely scattered speeddensity and flow-density data appear in the real traffic
system and better understand the effects of the driver’s
individual difference on traffic flow.
Keywords Fundamental diagram theory · Driver’s
perceived error · Driver’s speed deviation difference ·
Equilibrium flow

1 Introduction
So far, serious traffic problems have attracted scholars to develop many traffic flow models to study various complex traffic phenomena [1]. Roughly speaking,
the existing traffic flow theory can be divided into the
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Fig. 1 The speed-density and flow-density relationships in the classical fundamental diagram theory

2 Literature review

Fig. 2 The flow-density relationship in the three phase traffic
flow theory [2]

three phase traffic flow theory [2–32] and the fundamental diagram theory [33–71]. The fundamental diagram theory assumes that there is always an equilibrium speed in the traffic system and that the equilibrium speed will decrease with density and that the
flow will first increase then decrease with density (see
Fig. 1); the three phase traffic flow theory thinks that
the traffic system does not have the equilibrium speed
and that traffic flow can be divided into free flow, synchronized flow, and widely moving traffic jam (see
Fig. 2).
Based on the above theories, a new fundamental
diagram theory with the driver’s perceived error and
speed deviation difference is proposed in this paper.
The analytical and numerical results show that this
new model is able to reproduce the effects of error
and deviation difference on traffic flow and explain the
widely scattered speed-density and flow-density data.
In Sect. 2, the fundamental diagram theory and three
phase traffic flow theory are reviewed. In Sect. 3, a new
fundamental diagram theory is developed. In Sect. 4,
the analytical deductions and numerical tests are carried out. Finally, conclusions and outlooks are summarized in Sects. 5 and 6.

Kerner and his cooperators developed the three phase
traffic flow theory based on many empirical data [2–
25]. Kerner and his cooperators first found an almost
stationary moving jam exists in the real traffic based on
empirical data [3] and then proposed the definition of
three qualitative different kinds of traffic: “free” traffic flow, “synchronized” traffic flow, and traffic jams
[4]. Later, the transformation of the three traffic patterns are studied [5–10, 14, 18, 21, 24]. With the development of the theory, they found that many factors (e.g., ramp, merge bottlenecks) will produce the
three phase traffic flow [2, 11–25] and many traffic
phenomena are studied [11–13, 16, 19, 22]. The three
phase traffic flow theory can reproduce and explain the
widely scattered flow-density data in the real traffic
system (see Fig. 3) from some specific perspectives, so
it is popularly employed to explore the complex traffic
phenomena that are difficultly explained by the classical fundamental diagram theory [26–32], e.g., phase
transition of different traffic states [26, 28], impacts of
driver performance [27, 31, 32] and bottleneck [30].
However, scholars later found that three phase traffic flow theory cannot completely explain the formation mechanisms of the widely scattered flow-density
data [72–75]. For example, Helbing and his cooperators have explored the existing three phase traffic flow
theory and compared the fundamental diagram theory
with the three phase traffic flow theory [74, 75].
The classical fundamental diagram theory has been
used to study the complex traffic phenomena from
many different perspectives, such as the macroscopic
model [33–37, 39–63, 66, 68–71] and microscopic
model [38, 64, 65, 67]. However, the classical fundamental diagram theory cannot display or explain the
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Fig. 3 One-minute
empirical flow-density
relationships of freeway
M25 in England [76]

widely scattered data (see Fig. 3) because it did not
consider the heterogeneity of vehicles, the stochastic
factors, and others. In order to explore the widely scattered data, some new models were proposed based on
many observed data and the formation mechanism of
the widely scattered flow-density data can reasonably
be explained from some specific perspectives (which
have greatly enriched the fundamental diagram theory of traffic flow) [72–75, 77–80], but they cannot
completely describe the stochastic factors since some
stochastic factors were not explicitly considered yet.
To overcome this drawback, Ngody [76, 81] developed a new multiclass first-order model and found
the widely scattered data are resulted by the mixture
of traffic flow and some stochastic factors. Yang and
Peng [82] proposed an errorable car-following model
that is more useful to design and evaluate an active safety vehicle system; Li et al. [83] presented a
new LWR (Lighthill–Whitham–Richards) model with
stochastic free flow speed. The above fundamental diagram theory can successfully explain some complex
traffic phenomena, but they cannot be used to explore
the effects of the driver’s individual difference on traffic flow since they did not explicitly consider the factor. In this paper, we develop a new fundamental diagram theory based on the individual difference of the
driver’s perception ability and use it to study equilibrium flow.

3 Model
The classical fundamental diagram theory has been
employed in the kinematic model, car-following model

and dynamic model, where the classical kinematic
model is the LWR model [33, 34]:


ρt + ρve (ρ) x = 0,
(1)
where ρ, ve (ρ), respectively, are the density and equilibrium speed. Equation (1) can reproduce the formation and propagation of shock and other complex
phenomena, so scholars later proposed many extended
LWR models from different perspectives [38, 43–45,
53, 56, 58, 66]. However, the LWR and its extensions
cannot be used to describe the nonequilibrium traffic
flow since its speed cannot deviate from ve (ρ). Thus,
scholars later developed many high order models. The
existing high order models can be divided into the
DG (density-gradient) and SG (speed-gradient) models, where the classical DG one is the Payne model
[35]:
⎧
⎪
⎨ ρt + (ρv)x = 0,
(2)
υ
ve − v
⎪
−
ρx ,
⎩ vt + vvx =
τ
ρτ
where τ is the relaxation time and υ = − 12 ve (ρ) is
the anticipation coefficient. Equation (2) can describe
some nonequilibrium properties of traffic flow (stopand-go, local cluster, etc.), so scholars developed another DG model from different perspectives [37, 40,
41, 46–50, 55, 62, 69–71]. The DG models can describe many complex traffic phenomena that the LWR
model and its extensions cannot represent, but they
will produce backward motion under some given conditions [84]. In order to conquer this drawback, Aw
and Rascle [51, 59] proposed the first SG model and
Zhang [60] extended it, but the two models did not
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consider the relaxation term. Thus, Jiang et al. later
developed another SG model [57], i.e.,
⎧
⎨ ρt + (ρv)x = 0,
(3)
⎩ vt + vvx = ve − v + c0 vx ,
τ
where c0 is the propagation speed of small perturbation. Jiang et al. [57] found that (3) will not produce
backward motion and it can describe some nonequilibrium properties of traffic flow (stop-and-go, local cluster, shock, rarefaction wave, etc.), so scholars developed another SG models from different perspectives
[61, 68].
Equations (1)–(3) and their extensions can reproduce some complex traffic phenomena, but they cannot be employed to describe the motion of each vehicle. Thus, scholars proposed many car-following models [36, 39, 42, 52, 54, 63–65, 67], which can be reduced as follows:
 


dvn (t)
= f V Δxn (t), . . . , vn , Δvn , . . . ,
dt

ρ = ρ̄ + ε,

(5)

where ρ0 , v0 , q0 are respectively the equilibrium density, speed, and flow.
Thus, we can obtain the equilibrium speed-density
and flow-density curves as long as we properly define ve (ρ) (see Fig. 1). However, the real flow-density
data will be scattered widely in one two-dimensional
1 Note: the optimal speed

speed ve (ρ) of (1)–(3).

(6)

(4)

where vn , Δxn , Δvn are respectively the speed, headway, and relative speed of the nth car, V (Δxn (t), . . .)
is the optimal speed which corresponds to the equilibrium speed in (1)–(3). Equation (4) explicitly considers the effects of some micro factors on each car’s
acceleration, so it can reproduce many micro phenomena.
The models [33–71] have many prominent differences, but they can be simplified as (1)–(4) from some
different perspectives and all have an equilibrium solution ve (ρ) (ρ is the equilibrium density) or V (Δx)
(V (Δx) is the optimal speed, Δx is the equilibrium
headway).1 Thus, we can obtain the equilibrium speed
and flow, i.e.,
v0 = ve (ρ0 ),
q0 = ρ0 ve (ρ0 ),

region (see Fig. 3), so the models [33–71] cannot be
used to describe the widely scattered data. In order to
study the scattered data, some new models were proposed based on many observed data and the formation mechanism of the widely scattered flow-density
data can reasonably be explained from some specific
perspectives [72–75, 77–80], but they cannot be completely the stochastic factor because some stochastic
factors were not explicitly considered yet. In order to
further enrich the fundamental diagram theory, some
new models with the stochastic factors were developed
[76, 81–83], but they cannot be used to describe the
effects of the driver’s individual difference on traffic
flow since they did not consider this factor. In fact,
the driver’s perception ability has the individual difference, so we must consider the individual difference
when we study traffic flow. Hence, we can divide the
driver’s perceived density into the real density and the
driver’s perceived error, i.e.

V (Δx) corresponds to the equilibrium

where ρ, ρ̄ are respectively the driver’s perceived density and the real density, ε is the driver’s perceived error. The driver’s perceived density will provide him
an equilibrium speed ve (ρ), but the driver’s running
speed will often deviate from the expected equilibrium speed because of the driver’s individual difference, i.e.,
v̄(ρ) = ve (ρ) + η,

(7)

where v̄(ρ) is the driver’s running speed and η is the
driver’s speed deviation difference. Thus, we obtain a
new fundamental diagram theory with the driver’s perceived error and speed deviation difference, i.e.,
q̄ = ρ̄ve (ρ̄ + ε) + ρ̄η

dve (ρ̄)
+ η + ··· ,
= ρ̄ve (ρ̄) + ρ̄ ε
dρ̄

(8)

where q̄ is the real flow. Since the new fundamental diagram theory has considered the individual difference
of the driver’s perception ability, it can better describe
various complex phenomena in the real traffic system.

4 Numerical tests
In this section, we study the effects of the driver’s perceived error and speed deviation difference on traffic
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flow. In the real traffic system, the driver’s perceived
error ε often satisfies the following conditions:

will increase with ve (ρ). In order to further quantify η,
we here set

(1) When the real density is very low, the driver can
clearly see the number of cars in front of him. At
this time, ε is so small that we can neglect it.
(2) With the increase of the real density, ε cannot be
neglected since driver can neither clearly see the
number of cars in front of him nor exactly measure
his headway, and |ε| will increase with the flow;2
with the further increase of the real density, the
headway will gradually turn so small that driver
can exactly measure his headway, so |ε| will gradually reduce to zero. Based on the relationship between the flow and density, we can obtain that |ε|
will first increase then gradually decrease to zero
with the real density.

ω=

It seems more logical to define the speed deviation
difference η as a decreasing function of the traffic density because this property has also been revealed in
many observations. However, in the real traffic system, the speed deviation difference η is complex and
related to many factors, such as the driver’s individual
difference (aggressive and conservative), the density,
the equilibrium speed ve (ρ), the number of vehicles
on the road, the complexity of the traffic information,
the flow, etc. Therefore, we should use many observed
data to define the quantitative relationship between the
speed deviation difference η and the real density ρ.3
Since we here focus on exploring the qualitative effects of the driver individual difference on the fundamental diagram, we only consider the impacts of the
qualitative property of the speed deviation difference
η on traffic flow in this paper.
In the real traffic system, the aggressive driver’s
speed deviation difference increases with ve (ρ) since
the room that makes him produce the deviation difference will increase with his perceived headway; the
conservative driver’s speed deviation difference decreases with ve (ρ)(−η increases with ve (ρ)) since the
conservative driver thinks that the traffic risk coefficient will increase with ve (ρ). Thus, we find that |η|
2 |ε|

increases with the complexity of traffic information and the
traffic information turns more complex with the increase of the
flow, so |ε| will increase with the flow.

3 We will in the future investigate this topic and use the exact
speed deviation difference to further study the effects of the
driver’s individual difference on the fundamental diagram.

η
,
ve (ρ)

(9)

where ω is the driver’s relative deviation difference
about speed and |ω| will satisfy the following conditions:
(a) When ρ is very low, all the cars run approximately
at the free flow speed. At this time, η is very small
even if η exists, so we can approximately define
|ω| as zero.
(b) When ρ is very high, ve (ρ) is very small. There is
little room that provides driver to raise the speed
deviation difference, so |ω| is so small that we can
approximately define it as zero.
(c) When ρ is moderate, |ω| cannot be defined as zero
since the traffic flow is very complex. But |ω| increases with the complexity of the traffic information and the traffic information becomes more
complex with the increase of the flow, so |ω| will
increase with the flow. Based on the relationship
between the flow and the density, we obtain that
|ω| will first increase then decrease with the perceived density.
In order to study the effects of ε, η on traffic flow,
we must discuss the relationship between ε, η and the
driver’s individual difference, so we divide the drivers
into the aggressive and conservative ones. As to the
two kinds of drivers, ε, η have the following properties:
(a) The aggressive drivers often underestimate the
real density and overestimate the system equilibrium speed, so ε, η satisfy ε ≤ 0, η ≥ 0.
(b) The conservative drivers often overestimate the
real density and underestimate the system equilibrium speed, ε, η satisfy ε ≥ 0, η ≤ 0.
Thus, we can obtain the following proposition
based on (8).
Proposition 1 The aggressive drivers will enhance the
running speed and real flow while the conservative
drivers will reduce the running speed and real flow.
Next, we study the effects of ε, η on equilibrium
flow. Combining (8) with the properties of ε, η, we
have:
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(i) ε, η have little effect on the running speed and
real flow when the real density is very low. At this
time, the running speed is approximately equal to
the free flow speed and the real flow will approximately linearly increase with the real density; the
speed-density and flow-density data are scattered
around the equilibrium speed-density and flowdensity curves of the classical fundamental diagram theory, where the widths of these scattered
data are very narrow and slightly increase with
the real density, i.e., these scattered data will appear as two thicker lines.
(ii) ε, η have great effects on the running speed
and real flow when the real density is moderate. At this time, the running speed and real
flow will produce oscillating phenomena; the
speed-density and flow-density data will be scattered widely in a two-dimensional region, but the
shapes of these scattered data are often relevant
to the properties of ε, η.
(iii) ε, η have some effects on the running speed and
real flow when the real density is very high, but
these effects will quickly turn weak. At this time,
the scattered speed-density and flow-density data
appear but quickly reduce to the equilibrium
speed-density and flow-density curves.
In order to study the quantitative effects of ε, η on
the equilibrium flow, we should define ε, ω. But ε, ω
have little qualitative effect on the following results, so
we here define them as follows:
⎧
1,
0, if 0 ≤ ρ̄ < ρcr
⎪
⎪
⎪
⎪
⎪
2 2
max
⎪
λ(− (ρ 1ε−ρ
⎪
2 2 (ρ̄ − ρcr ) + εmax ),
⎪
cr
cr )
⎪
⎨
1 ≤ ρ̄ < ρ 2 ,
if ρcr
ε=
(10)
cr
⎪
⎪
⎪
ε
2
2
max
⎪
λ(− (ρ −ρ 2 )2 (ρ̄ − ρcr ) + εmax ),
⎪
⎪
j
⎪
cr
⎪
⎪
⎩
2
if ρcr ≤ ρ̄ ≤ ρj ,

ω=

⎧
3,
0, if 0 ≤ ρ < ρcr
⎪
⎪
⎪
⎪
⎪
4 2
max
⎪
ξ(− (ρ 3ω−ρ
⎪
4 2 (ρ − ρcr ) + ωmax ),
⎪
cr
cr )
⎪
⎪
⎪
⎪
3 ≤ ρ < ρ4 ,
⎨ if ρcr
cr
4 2
max
⎪
ξ(− (ρ 5ω−ρ
⎪
4 2 (ρ − ρcr ) + ωmax ),
⎪
⎪
cr
cr )
⎪
⎪
⎪
4 ≤ ρ < ρ5 ,
⎪
⎪
if ρcr
cr
⎪
⎪
⎪
⎩
5
0, if ρcr ≤ ρ < ρj

(11)

where λ, ξ are two random numbers in the interi (i =
val (−1, 1), εmax , ωmax are maximum values, ρcr
1, 2, 3, 4, 5) is the critical value, ρj is the jam density. Note: λ, ξ can reflect the driver’s individual difference, i.e. λ ≤ 0, ξ ≥ 0 as for the aggressive drivers
and λ ≥ 0, ξ ≤ 0 as for the conservative drivers. In
this paper, we do not study the quantitative effect that
the stochastic property of the individual difference has
on traffic flow, so we can here neglect some stochastic properties of the parameters λ, ξ (e.g., the average,
variance, and probability distribution of λ, ξ ) and will
in the future use many observed data to calibrate the
stochastic properties of λ, ξ and further explore the
complex phenomena that are resulted by the driver’s
individual difference. In addition, the probability distribution has no qualitative impacts on the following
results. Thus, we can assume that λ, ξ are uniform distributions whose average values are zero and we need
not define λ, ξ as other distributions (e.g., normal distribution) in this paper. For simplicity, we here apply
the Matlab function to randomly produce λ, ξ in the
following numerical test. εmax will first increase then
decrease with the real density ρ̄ in the real traffic system, so we for simplicity define them as follows:
εmax = μe−

6)
(ρ̄−ρcr
σ

,

(12)

6 is the critical
where μ, σ are two parameters, ρcr
value. In addition, we here assume that ωmax is constant for simplicity.
In this paper, we here define the equilibrium speed
as follows [37]:
 
ρ/ρj − 0.25
1 + exp
ve (ρ) = vf 1
0.06

− 3.72 × 10−6 ,

(13)

where vf is the free flow speed. The parameters in (5)–
(13) have little qualitative effect on the following results, so we set them as follows:
1 = ρ3 =
vf = 30 m/s, ρj = 0.2 veh/m, ρcr
cr
2
4
5 =
0.01 veh/m, ρcr = ρcr = 0.06 veh/m, ρcr
6
0.1 veh/m, ρcr = 0.04 veh/m, μ = 0.01, σ = 0.0001,
ωmax = 0.1.

Applying the above parameters, we can obtain the running speed and the real flow (see Figs. 4, 5 and 6).
From the three figures, we have:
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Fig. 4 The speed-density and flow-density relationships of
equilibrium flow, where the curves “A” are the equilibrium
speed-density and flow-density curves of the classical funda-
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mental diagram theory and the widely scattered data “B” are
the widely scattered speed-density and flow-density data when
the traffic system only has the aggressive drivers

Fig. 5 The speed-density
and flow-density
relationships of equilibrium
flow, where the widely
scattered data “C” are the
widely scattered
speed-density and
flow-density data when the
traffic system only has the
conservative drivers

Fig. 6 The speed-density
and flow-density
relationships of equilibrium
flow, where the widely
scattered data “D” are the
widely scattered
speed-density and
flow-density data when the
traffic system
simultaneously has the
conservative and aggressive
drivers

(1) The speed-density and flow-density data are divided into three different regions (see Figs. 4, 5
and 6). In the first region, the real density is very
low; the running speed is approximately equal to
the free flow speed and the real flow approximately linearly increases with the real density; the
speed-density and flow-density data are scattered
around the equilibrium speed-density and flowdensity curves, where the widths of these scattered
data are very narrow and slightly increase with the

real density, i.e., the scattered data appear as two
thicker lines. In the second region, the real density
is moderate, the speed-density and flow-density
data is scattered widely in a two-dimensional region. In the third region, the real density is very
high, the scattered speed-density and flow-density
data appear but quickly degenerate into the equilibrium speed-density and flow-density.
(2) When the traffic system only has the aggressive drivers, the speed-density and flow-density
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Fig. 7 The boundary lines
in the fundamental diagram
theory and the three phase
traffic flow theory [15]

(3)

(4)

(5)

(6)

data are both above the equilibrium speed-density
and flow-density curves (see Fig. 4); when the
traffic system only has the conservation drivers,
the speed-density and flow-density data are both
under the equilibrium speed-density and flowdensity curves (see Fig. 5); when the traffic system simultaneously has the aggressive and conservative drivers, the speed-density and flow-density
data bestride the equilibrium speed-density and
flow-density curves (see Fig. 6). These results further show that the aggressive drivers will enhance
the running speed and real flow and the conservative drivers will reduce the running speed and real
flow.
When the real density is very low, ε, η have little
effect on the running speed and real flow. The running speed is approximately equal to the free flow
speed while the real flow approximately linearly
increases with the real density and there is little
prominent difference between the aggressive and
conservative drivers (see Figs. 4, 5 and 6).
ε, η have great effects on the running speed and
real flow when the real density is moderate. ε, η
will produce some widely scattered data, i.e., the
widely scattered data will be in a two-dimensional
region but their widths are related to the driver’s
individual difference, i.e., the widths of these scattered data are the narrowest when the traffic system only has conservative drivers and the broadest when the traffic system simultaneously has the
aggressive and conservative drivers (see Figs. 4, 5
and 6). In addition, the shapes of these scattered
data are related to the properties of ε, η.
When the real density is very high, ε, η have some
effects on the running speed and real flow. At this
time, the scattered speed-density and flow-density
data appear but quickly degenerate into the equilibrium speed-density and flow-density curves. In
addition, there is little prominent difference between the aggressive and conservative drivers (see
Figs. 4, 5 and 6).
The above results are qualitatively accordant with
the analytical results and the real traffic, which

Fig. 8 The boundary line of the flow-density relationship,
where the curves A and B are the same as those of Fig. 4

Fig. 9 The boundary line of the flow-density relationship,
where the curves A and C are the same as those of Fig. 5

show that the new fundamental diagram theory
can be used to describe the complex traffic phenomena resulted by the driver’s individual difference.
There are F-line, U-line, and L-line in three phase
traffic flow theory [15] (see Fig. 7), so we next use the
new fundamental diagram theory to study the effects
of ε, η on the three lines (see Figs. 8, 9 and 10). From
the three figures, we have:
(a) The new fundamental diagram theory also has
F-line, L-line, and U-line (see Figs. 8, 9 and 10).
When the real density is very low, there is little
difference between the F-line of the new fundamental diagram theory and that of the classical

A new fundamental diagram theory with the individual difference of the driver’s perception ability

Fig. 10 The boundary line of the flow-density relationship,
where the curves A, B, and C are the same as those of Figs. 4, 5
and 6

fundamental diagram theory, which further shows
that ε, η have little effect on the running speed and
real flow; when the real density is very high, the
L-line and U-line will evolve into the same curve
(we still call it the J-line); when the real density
is moderate, the L-line and the U-line will form
into a two-dimensional region, and the running
speed and real flow are scattered widely in the
two-dimensional region.
(b) If the traffic system only has the aggressive
drivers, the L-line is the U-line of the classical fundamental diagram theory (see Fig. 8); if the traffic system only has the conservative drivers, the
L-line is the U-line of the classical fundamental
diagram theory (see Fig. 9); if the traffic system
simultaneously has the aggressive and conservative drivers, the U-line is the U-line of Fig. 8 and
the L-line is the L-line of Fig. 9 (see Fig. 10). This
further shows that the aggressive drivers can enhance the running speed and real flow while the
conservative drivers will reduce the running speed
and real flow.
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and numerical results show that the new fundamental diagram theory can reproduce the effects of the
driver’s perceived error and speed deviation difference
on the equilibrium flow. These results are qualitatively
accordant with the reality, which illustrate that the
new fundamental diagram theory can better describe
the real traffic flow than the existing fundamental diagram theories. In addition, the new fundamental diagram theory can help us to further explain why the
widely scattered speed-density and flow-density data
appear in the real traffic system and better understand
the effects of the driver’s individual difference on traffic flow.

6 Outlook
In this paper, we only study the qualitative impacts
that the driver’s perceived error and speed deviation
difference have on equilibrium flow and do not further explore the effects of the driver’s individual difference on nonequilibrium traffic flow. In addition,
various stochastic properties of the driver’s individual difference (the stochastic distribution functions of
the driver’s perceived error and speed deviation difference, their means and variances, etc.) are not explicitly considered. Therefore, we should in the future
develop more exact models and apply many observed
data and specific spatiotemporal congestion patterns to
further investigate various complex traffic phenomena
resulted by the driver’s individual difference.
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