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An Extended Optimal Velocity Model with Consideration of Honk Effect∗
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Abstract Based on the OV (optimal velocity) model, we in this paper present an extended OV model with the
consideration of the honk effect. The analytical and numerical results illustrate that the honk effect can improve the
velocity and flow of uniform flow but that the increments are relevant to the density.
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1 Introduction
So far, scholars have developed many traffic flow models to describe various complex traffic phenomena,[1−19]
but they cannot be used to study the honk effect because
they did not explicitly consider this factor. Driver will
often honk the horn when his leading car prevents him
from running at his current velocity, so the honk effect
should be considered when analyzing the car-following behavior. In order to study the honk effect, Jia et al.[20] proposed a new cellular automaton model and Tang et al.[21]
presented a bicycle-following model and a pedestrianfollowing model with the consideration of the honk effects,
but they did not investigate the impacts of the honk effect
on the car-following behavior. Based on the optimal velocity (OV) model, we in this paper develop an extended
OV model with the consideration of the honk effect.

2 Car-Following Model
Among the existing car-following models, the simple
and useful one is the OV model,[11] which can be reduced
as follows:
dxn (t + τ )
= V (∆xn (t)) ,
(1)
dt
where xn (t), V (∆xn (t)) are respectively the n-th car’s position and optimal velocity at time t, ∆xn (t) = xn−1 (t) −
xn (t) is the gap between the n-th car and its adjacent
leading car and τ is the reactive time. In order to further
study traffic flow, scholars later presented some extended
OV models,[15−16] i.e.
dxn (t + τ )
= V (∆xn (t), ∆xn−1 (t), . . . , ∆xn−m−1 (t)) , (2)
dt

where ∆xn−i (t) = xn−i−1 (t) − xn−i (t).
The above models can reproduce some complex traffic phenomena, but they cannot be used to describe the
honk effect because they did not explicitly consider this
factor. In fact, when one car prevents its following car
from running at its current velocity, the following car will
often honk its horn. When one driver hears his following
car’s horn, he will enter his adjacent lane or accelerate if
possible in the multi-lane system and he will accelerate
if possible in the single-lane system, so we should consider the honk effect when we analyze the car-following
behavior. Thus, we obtain a new car-following model for
single-lane traffic flow based on Eq. (1), i.e.
dxn (t + τ )
= V (∆xn (t), g(vn (t))) ,
(3)
dt
where V (∆xn (t), g(vn (t))) is the n-th car’s optimal velocity at time t,‡ τ is the delay time and g(vn (t)) is the
honk effect resulted by the (n + 1)-th car. Applying the
similar method,[22] we suppose that V (∆xn , g(vn )) can be
formulated as a linear combination of the perceived headinduced optimal velocity and the honk effect, i.e.
V (∆xn , g(vn )) = V (∆xn ) + µg(vn ) ,

(4)

where µ is the coefficient that represents the weight of the
honk effect, and V (∆xn ) is the perceived head-induced
optimal velocity and can be defined as follows:[11]
vmax
[tanh(∆xn − hc ) + tanh(hc )] ,
(5)
V (∆xn ) =
2
where vmax is the maximum velocity and hc is the safe
distance.
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Expanding the left hand side of Eq. (3) in the Taylor
series, neglecting the non-linear order terms and combining Eq. (4), we have
dvn (t)
V (∆xn ) − vn
=
+ ληn g(vn ) ,
(6)
dt
τ
where λ = µ/τ is the honk effect coefficient, and ηn is the
honk desire coefficient that the (n + 1)-th car honks its
horn.§ In fact, g(vn ) is irrelevant to the (n + 1)-th car’s
current status but relevant to its current status since the
driver cannot adjust his acceleration based on the (n + 1)th car’s current status but will adjust his acceleration
based on his current status. In the single-lane system,
the driver will often try to accelerate to the maximum
velocity based on his current velocity if possible when he
hears his following car’s horn, so g(vn ) is relevant to the
maximum velocity vmax and the current velocity vn . Since
the exact definition of g(vn ) should be calibrated by use
of many experimental data but will have no qualitative
effects on the following results, we for simplicity define it
as follows:
vmax − vn
,
(7)
g(vn ) =
τ′
where τ ′ is the time that it takes the n-th car to adjust
its acceleration based on the honk effect.¶ Thus Eq. (6)
can be rewritten as follows:
dvn (t)
V (∆xn ) − vn
vmax − vn
=
+ ληn
,
(8)
dt
τ
τ′
where the honk desire coefficient ηn will satisfy the following conditions: when ∆xn is very small, there is no
prominent effect even if the (n + 1)-th car honks its horn
since the n-th car has no room to accelerate, therefore,
the (n + 1)-th car has no desire to honk its horn; when
∆xn is very large, there is no prominent effect even if the
(n + 1)-th car honks its horn since the n-th car velocity is
equal to its maximum velocity, therefore, the (n+1)-th car
has little desire to honk its horn; when ∆xn is moderate,
the (n + 1)-th car has often desire to honk its horn and
the desire that it honks its horn will first increase then
decrease with the headway ∆xn . The honk desire coefficient ηn has no qualitative effects on the following results,
so we for simplicity define it as follows:

0,
if ∆xn ≤ h1c ,


2


(∆x
−
h
)
n
2c


+ ηmax , if h1c < ∆xn ≤ h2c ,
−
(h1c − h2c )2
ηn =
(9)

(∆xn − h2c )2


−
+
η
,
if
h
<
∆x
≤
h
,
max
2c
n
3c

2


 (h3c − h2c )
0,
if ∆xn ≥ h3c ,
where h1c , h2c , h3c are three critical headways, and ηmax
is the maximum probability that the (n + 1)-th car honks
its horn.
§ For
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3 Simulation
In this section, we investigate the impacts of the honk
effect on uniform flow. As for uniform flow, each car’s acceleration is equal to zero, the gap between two adjacent
cars is equal to the mean gap h and the honk desire coefficient ηn is equal to a constant (here we set it as η0 ),
thus Eq. (8) can be rewritten as follows:
V (h) − vn
vmax − vn
+ λη0
= 0.
(10)
τ
τ′
Based on the relationship between the density and
headway, the car-following model’s density can be defined
as follows:
1
ρ=
,
(11)
∆x̄
where ∆x̄ is the headway, where the headway is equal to
the summation of the gap between two adjacent cars and
the length of a car, i.e.
∆x̄ = ∆x + l ,

(12)

where ∆x, l are respectively the mean gap between two adjacent cars and the car length. Combining with Eq. (12),
Eq. (5) can be rewritten as follows:
1
1
i
1
vf h
tanh
−
+ tanh
−l ,
(13)
V (ρ) =
2
ρ ρc
ρc
where vf is the free flow velocity and ρc is the critical
density, which can be defined as follows:
ρc = 1/(hc + l) ,

(14)

where hc is the critical gap between two adjacent cars.
Thus, our model’s velocity under uniform flow can be reduced as follows:
τ ′ V (ρ) + λη0 τ vf
v=
≥ V (ρ) .
(15)
λη0 τ + τ ′
It is easy to prove that Eq. (15) will increase with the
density and that our model’s velocity is greater than the
OV model’s. Our model’s flow under uniform flow can be
reduced as follows:
 τ ′ V (ρ) + λη τ v 
τ′
0
f
q=ρ
=
(ρV (ρ))
λη0 τ + τ ′
λη0 τ + τ ′
λη0 τ
+
(ρvf ) ≥ ρV (ρ) .
(16)
λη0 τ + τ ′
The parameters in Eqs. (13)–(16) have no qualitative
impacts on the following results, so we here define them as
follows: vf = 2 m/s, hc = 4 m, l = 1 m, λ = 0.1, τ = 2 s,
τ ′ = 5 s, h1c = 1 m, h2c = 9 m, h3c = 19 m, ηmax = 1.
Using the above parameters, we can obtain the
velocity-density and flow-density relationships of uniform
flow (see Fig. 1). From the figure, we can conclude the
following results:

simplicity, we here assume that the driver of the n-th car will immediately accelerate if possible once he hears the (n + 1)-th car’s
horn.
¶ Note: τ ′ is often greater than the delay time τ .

No. 6

An Extended Optimal Velocity Model with Consideration of Honk Effect

(i) The velocity will decrease with density, the flow will
first increase then decrease with density;
(ii) When the density is very low or very high, there is
little difference between our model’s velocity and flow and
the OV model’s; our model will enhance the velocity and
flow when the density is moderate, which are qualitatively
accordant with the real traffic.
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Using Eqs. (9), (13), (17), (18) and the above parameters, we find that the velocity and flow differences first
increase then decrease with the density when the density
is moderate and the velocity and flow differences is equal
to zero when the density is very low or very high (see
Fig. 2).

Fig. 2 The differences between our model’s velocity and
flow and the OV model’s velocity and flow, where (a) is
the velocity difference and (b) is the flow difference.

Finally, we study the sensitivities of the two essential
parameters of the honk effect. Set
Fig. 1 The relationship among the velocity, flow and
density of uniform flow, where (a) is the velocity-density
relationship and (b) is the flow-density relationship.

v(λ, τ ′ ) =

τ ′ V (ρ) + λη0 τ vf
,
λη0 τ + τ ′

q(λ, τ ′ ) = ρ
In order to further describe the quantitative relationship between the honk effect and the density, we study
the difference between our model’s velocity and the OV
model’s and the difference between our model’s flow and
the OV model’s, where the two differences are reduced as
follows:
τ ′ V (ρ) + λη0 τ vf
λη0 τ
− V (ρ) =
(vf − V (ρ)) , (17)
λη0 τ + τ ′
λη0 τ + τ ′
 τ ′ V (ρ)+λη τ v 
λη0 τ
0
f
ρ
−ρV (ρ) =
(ρvf −ρV (ρ)).(18)
λη0 τ + τ ′
λη0 τ +τ ′

τ ′ V (ρ) + λη0 τ vf
,
λη0 τ + τ ′

thus we have
∂v(λ, τ ′ )
η0 τ τ ′ (vf − V (ρ))
=
≥ 0,
∂λ
(λη0 τ + τ ′ )2

(19)

∂v(λ, τ ′ )
λη0 τ (V (ρ) − vf )
=
≤ 0,
∂τ ′
(λη0 τ + τ ′ )2

(20)

∂q(λ, τ ′ )
η0 τ τ ′ (vf − V (ρ))
=ρ
≥ 0,
∂λ
(λη0 τ + τ ′ )2

(21)

∂q(λ, τ ′ )
λη0 τ (V (ρ) − vf )
=ρ
≤ 0.
∂τ ′
(λη0 τ + τ ′ )2

(22)
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From Eqs. (19)–(22), we can conclude that our model’s
velocity and flow will increase with the honk effect coefficient λ and decrease with the time τ ′ .
Using the above parameters, we can obtain the relationship between the velocity and the density and the rela-
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tionship between the flow and the density under difference
parameters λ, τ ′ (see Figs. 3–6). From the four figures,
we find that our model’s velocity and flow will increase
with the parameter λ and decrease with the parameter τ ′ ,
which is accordant with the analytical results.

Fig. 3 The velocity-density curve of uniform flow with different parameter λ, where (a) is the whole curve and
(b) is the local amplified one of (a).

Fig. 4 The flow-density curve of uniform flow with different parameter λ, where (a) is the whole curve and (b)
is the local amplified one of (a).

Fig. 5 The velocity-density curve of uniform flow with different parameter τ ′ , where (a) is the whole curve and
(b) is the local amplified one of (a).
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Fig. 6 The flow-density curve of uniform flow with different parameter τ ′ , where (a) is the whole curve and (b)
is the local amplified one of (a).

4 Conclusions
Many traffic flow models have been developed to describe various complex traffic phenomena, but the existing
models cannot directly be used to study some complex phenomena resulted by the honk effect since they did not
explicitly consider this factor. In this paper, we present a new car-following model with the consideration of the honk
effect based on the OV model. The analytical and numerical results show that our model can enhance the velocity and
flow of uniform flow but the increments are relevant to the density, so our model can be used to describe the complex
traffic phenomena resulted by the honk effect. However, we only study the impacts of the honk effect on uniform flow.
In fact, the honk effect is very complex and depends on many factors, so we should in the future use many observed
data to further study the quantitative relationships among the honk effect and the traffic flow parameters (e.g. velocity,
flow, and density) and develop an exact model to describe various complex phenomena resulted by the honk effect. In
addition, the honk effect is not very prominent even if the numerical results that are shown in Figs. 1–6 illustrate that
the honk effect can improve the velocity and flow. The main reasons are that we in this paper analyze the honk effect
in the single-lane traffic system, so we should in the future extend this car-following model to the multi-lane mixed
traffic system and further study the impacts of the honk effect on the multi-lane mixed traffic system.
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