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Abstract. Vehicular Ad Hoc Networks (VANETs) play a significant
role in preventing traffic accidents on the highway. But it is a chal-
lenge to reduce the messages transmission delay under emergency con-
dition. In this paper, an emergency event driven routing algorithm for
bi-directional highway is proposed. Each vehicle maintains a real-time
special neighbor nodes set which includes the next-hop vehicle and vehi-
cle ID in three different directions. In particular, when there is no vehicle
ahead or behind the accident vehicles we use the vehicles from reverse
direction to reduce the intermittent link. And the emergency events of
vehicles are divided into two types, according to the different influence
of events on vehicles ahead and behind. And different emergency events
launch different transmission algorithms. This ensures that the emer-
gency messages (EMs) can transmit to the vehicles affected much more
by the emergency events. Furthermore, we derive the transmission delay
formula based on the proposed algorithm. Finally, the algorithm is ver-
ified by the simulation of the transmission delay formula. The results
show that the proposed emergency event driven routing algorithm can
reduce the transmission delay effectively.

Keywords: Vehicle Ad Hoc Networks · Emergency messages · Event-
driven · Routing algorithm

1 Introduction

In recent years, with more vehicles on the road, traffic accidents are increasing.
However, if the vehicles which are surrounding the accident vehicle can receive
the emergency messages (EMs) in time and take corresponding measures, more
serious accidents can be reduced and even be avoided. Vehicular Ad Hoc Net-
works (VANETs) [1] show great potential in reducing traffic accidents. VANETs
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is an important part of Intelligent Transportation System (ITS) [2] and the Inter-
net of things (IoT) [3]. The applications of VANETs mainly include two aspects,
security applications [4,5] and user applications [6]. Security applications cover
accident pre-warning, intersection-driving and route planning. Internet commu-
nication, resources sharing and commercial advertising belong to user applica-
tions. There are three kinds of information transmission modes in the VANETs.
Respectively, they are Vehicle-to-Vehicle (V2V) [7], Vehicle-to-RSU (V2R) [8,9],
and hybrid communication [10].

This paper mainly discusses how to reduce the EMs transmission delay on the
highway. In [11], the authors achieve broadcast redundancy, transmission latency
by choosing the furthest broadcast vehicle in a queue on the basis of directive
broadcast. Minimizing duplicate retransmissions by combining location-based
method and time reservation-based method with the aid of Global Positioning
System (GPS) of neighboring nodes is proposed in [12]. [13] designs an event-
driven Inter-Vehicle Communication protocol that learns about traffic conditions
ahead and recommends optimal velocities in order to prevent the formation of
vehicular shock waves. And this approach of reacting in case of traffic fluctuations
leads to significant improvements in overall traffic flow. Protocol in [14] sends
the periodic safety message and event driven safety message by using priority
in the messages and context-based communication. Through these papers, we
think that making the algorithm adapt to the changeful road scene is a way to
reduce the transmission delay and intermittent link.

In this paper, we propose an emergency event driven EMs transmission algo-
rithm for bi-direction highway. The routing algorithm not only reduce the trans-
mission delay but also reduce the intermittent link. The contributions of this
paper are as follows.

(1) Each vehicle needs to maintain a real-time special neighbor nodes set. These
sets can help to adapt to the diversity of the highway scene and find the
next-hop node quickly to reduce the transmission delay.

(2) When there is no next-hop vehicle in the same direction, we use the vehicles
from reverse direction to transmit EMs. Because vehicles from reverse direc-
tion will meet the accident vehicle at a time. In this way, the intermittent
link can be reduced.

(3) The emergency events of vehicles are divided into two types. This ensures
that the EMs can be transmitted to the greater affected vehicles firstly.

The rest of context is organized as follows. In Sect. 2, the system model is
introduced. The Sect. 3 is the specific design of routing scheme and the estimation
of EMs transmission delay. The analysis of the scheme through the simulation
results is introduced in Sect. 4. Finally, We conclude this paper in Sect. 5.

2 System Model

The high speed of vehicles on the highway leads to the frequent change of the
vehicle density. This phenomenon leads to that the EMs can’t transmit timely
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and effectively. So finding the next-hop vehicle quickly is an important factor
to achieve uninterrupted communication. In this paper, we propose a real-time
special neighbor nodes set for each vehicle. These sets are mainly used to help
each vehicle to judge whether there exist vehicles that can communicate with in
three different directions: ahead, behind and reverse line.

In general, the highway is a bi-directional road. If the vehicles from reverse
direction can be reasonably utilized, the intermittent link can be reduced effec-
tively. For example, in low traffic density, there may not exist a vehicle in the
communication radius of the accident vehicle for a long time. This would cause
the EMs can not transmit, which means that the communication link is inter-
rupted. But the accident vehicle will meet the vehicles from reverse direction at
a time, the EMs can transmit to the vehicles from reverse direction. Then the
vehicles from reverse direction transmit EMs to the target vehicles. As shown
in Fig. 1, the circle represents the vehicle transmission range, and road width is
negligible compared to the vehicle transmission radius. That is to say, the adja-
cent vehicles in two lanes can communicate with each other. The intersecting
circle represent the vehicle can communication with each other. When the acci-
dent vehicle needs to transmit EMs to vehicles ahead, the EMs will transmit as
yellow arrow. Although there is no vehicles ahead the accident vehicle with in the
transmission radius, the vehicles beside the accident vehicle can help transmit
the EMs. Doing so ensures that the transmission link would not be broken.

The accidents are divided into two categories according to different accidents
having different influence on the surrounding vehicles. For instance, traffic jam,
sudden deceleration and braking. When these accidents occur, the influence on
the behind vehicles are much more serious than on the ahead vehicles. So the EMs
should transmit to the behind vehicles firstly. When other accidents such as brake
failure, overtaking and accelerating occur, the influence on the ahead vehicles are
much more serious than on the behind vehicles. So the EMs should transmit to the
ahead vehicles firstly. Therefore, the type of events determines the EMs transmis-
sion direction. In this paper, we design different transmission algorithm for the
two categories events, so the transmission delay can be reduced effectively.

Fig. 1. EMs transmit model on bidirectional highway. (Color figure online)
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Meanwhile, we assume that each vehicle has a unique ID. So ID is the unique
identifier to distinguish the vehicles. The vehicle transmission radius is the same.
The location of vehicles can be known by GPS measurement instrument. This
paper uses a two-dimensional highway model. And we stipulate one of the direc-
tion for the positive direction, the other direction is the negative direction. Pos-
itive direction and negative direction are used to judge whether the vehicles are
in the same direction.

3 Proposed Scheme

In this section, the proposed routing scheme is described. First, we describe
the problem formulation. Then, the EMs transmission algorithm is proposed.
Finally, the transmission delay formula is derived.

3.1 Problem Formulation

Each vehicle has a vehicle packet, the packet data will be updated and saved
in real time. But when a vehicle occurs some accident, this vehicle packet will
become an EMs. EMs transmit among vehicles to remind the surrounding vehi-
cles. The packet contains five items:

(1) Attribute value. When this value is 0, this indicates that the vehicle is
in normal condition. And the packet is vehicle packet. When it is 1, this
indicates that the vehicle is under emergency condition. And the packet
become EMs.

(2) Parameter 1. Vehicle’s ID, which is the only item to identify the vehicle. We
use the vehicle’s license plate as vehicle’s ID.

(3) Parameter 2. Vehicle’s driving direction, its main role is to distinguish the
vehicles in the same direction or reverse direction.

(4) Parameter 3. Vehicle’s location, which can be obtained from GPS data. The
distance between vehicles can be roughly calculated by using GPS data.

(5) Parameter 4. EMs Transmission direction, Transmission direction is the
direction that the EMs need to transmit to. This item depends on the type
of the emergency events. Under normal condition, it is null.

The format of vehicle packet and EMs show in Table 1. The second line is
the format of vehicle packet, and the third line is the format of EMs:

Table 1. The format of vehicle packet and EMs.

Attribute value Parameter 1 Parameter 2 Parameter 3 Parameter 4

0 Vehicle ID Driving direction Location Null

1 Vehicle ID Driving direction Location EMs transmission direction
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In addition, each vehicle needs to maintain a real-time special neighbor
nodes set. The special neighbor nodes set contains three items. The first item
is (ρf , IDf ). ρf stands whether there exist vehicles ahead itself, if there exist,
the item is 1, otherwise, is 0. And IDf is the next-hop vehicle ID. If there are
more than one vehicle ahead of the vehicle, the vehicle select the furthest vehicle
within the communication radius as the next-hop vehicle. The second item is
(ρb, IDb). ρb stands whether there exist vehicles behind itself, if there exist, the
item is 1, otherwise, is 0. And IDb is the next-hop vehicle ID. If there are more
than one vehicle behind the vehicle, the vehicle select the furthest vehicle within
the communication radius as the next-hop vehicle. The third item is (ρs, IDs).
ρs stands whether there exist vehicles beside itself, if there exist, the item is 1,
otherwise, is 0. And IDs is the next-hop vehicle ID. If there are more than one
vehicle beside the vehicle, the vehicle will select the furthest vehicle within the
communication radius as the next-hop. The format of special neighbor nodes
set, namely, {(ρf , IDf ), (ρb, IDb), (ρs, IDs)}.

In this paper, we adopts dynamic programming to select the next-hop vehicle
in three directions for each vehicle. r is the transmission radius of vehicles.
d(IDx, IDi) is the distance between IDx and IDi, i = 0, 1, 2. . .N . D(IDx) is
the distance between IDx and the furthest vehicle IDi in IDx communication
radius. M(IDx, IDx) is the derivative of D(IDx).

Objective function:

D(IDx) = max{d(IDx, ID0), d(IDx, ID1), d(IDx, ID2), ..., d(IDx, IDi)} (1)

Constraint Conditions:
0 < D(IDx) < 2r (2)

Decision Variable:

M(IDx, IDi) = lim
�d→0

�d(IDx, IDi)
�d

(3)

If there exist D(IDx) and M(IDx, IDi) < 0, this means vehicle IDx and
IDi are in the different direction and ρs is 1. If there exist D(IDx) and
M(IDx, IDi) > 0, this means vehicle IDx and IDi are in the same direction
and ρf or ρb is 1.

3.2 EMs Transmission Algorithm

When a vehicle occur a certain accident, it will produce an EMs. And the trans-
mission of EMs should reference the special neighbor nodes set. According to the
EMs package the EMs transmission direction can be known. If the EMs should
transmit to the vehicles ahead, the ρf will be viewed first. If ρf = 1, the EMs
will transmit to the accident vehicle’s next-hop vehicle. Otherwise, the ρs will
be viewed. If ρs = 1, the EMs will transmit to the vehicles on the reverse lane. If
ρs = 0, EMs should wait for a while. If the EMs should transmit to the behind
vehicles, the ρb will be viewed first. If ρb = 1, the EMs will transmit to the acci-
dent vehicle’s next-hop vehicle. Otherwise, the ρs will be viewed. The specific
algorithm is shown in Algorithm1:
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Algorithm 1. Event-driven transmission algorithm
if {Attribute value=1} then

if {EMs’ driving direction = vehicle’s driving direction} then
if { EMs needs to transmit ahead } then

if { ρf =0 } then
if { ρs=1 } then

{ transmit EMs to the vehicles from reverse direction }
else

{ wait for a time interval t}
end if

else
{ transmit the EMs to the vehicle’ next-hop vehicle directly}

end if
else

{ EMs need to transmit behind }
if { ρb =0 } then

{ whatever ρs is, transmit the EMs to vehicles from reverse direction}
else

{ transmit the EMs to the vehicle’s next-hop vehicle directly}
end if

end if
else

if {ρs=1} then
{ transmit the EMs to vehicles from reverse direction }

else
{ wait for a time interval t }

end if
end if

else
{ Vehicle is in a normal condition}

end if

3.3 The Estimation of EMs Transmission Delay

The time of EMs transmission includes two parts: carry time and forwarding
time. Calculation formula is as follows:

T = t1 + t2, (4)

T denotes the total transmission delay, t1 is the carry time, t2 is the forward-
ing time. According to the algorithm, we know there are five kinds of transmission
delay.

Case 1: EMs need to transmit ahead. ρf = 0, ρs = 1.
Accident vehicle transmit the EMs to the vehicle from the reverse direction.

So there only exists forwarding time. thop denotes an interaction time.

T1 = t2 = 2thop, (5)
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Case 2: EMs need to transmit ahead. ρf = 1.
Accident vehicle can transmit the EMs to its next-hop vehicle directly. The

next-hop vehicle ID can be find in the accident vehicle’s special neighbor nodes
set. So there only exists forwarding time (Fig. 2).

T2 = t2 = thop, (6)

Case 3: EMs need to transmit behind. ρb = 0, ρs = 0.

Fig. 2. EMs transmit model when ρb = 0, ρs = 0.

If the EMs need to transmit ahead it is a pursuit problem but if EMs need to
transmit behind it is a meeting problem. It is assumed that vehicle IDp need to
transmit EMs, vehicle’s transmission radius is r. vIDx

is the vehicle IDx’s speed.
Vehicle IDp need drive s to get into the communication range of vehicle IDq

which is on the reverse lane. The distance between two vehicles IDp and IDm

in the same direction is l; According to algorithm the total time is as following:

T3 = t1 + t2 =
s

vIDp
+ vIDq

+
2r + l

vIDq
+ vIDm

+ 2thop, (7)

Case 4: EMs need to transmit behind. ρb = 0, ρs = 1.
This case is the same as case 2. Accident vehicle transmits the EMs to the

vehicle on the reverse lane. So there only exists forwarding time.

T4 = t2 = 2thop, (8)

Case 5: EMs need to transmit behind. ρb = 1.
This case is the same as case 3. Accident vehicle will transmit the EMs to

the next-hop vehicle directly. And the vehicle ID can be find in the accident
vehicle’s special neighbor nodes set. So there only exists forwarding time.

T5 = t2 = thop, (9)
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Assuming the probability of occurrence of case i is Pi, then the total time is
as follows:

T =
4∑

i=0

PiTi. (10)

4 Performance Evaluation

In this paper, we use MATLAB to carry on the comparative test and confirma-
tory test for the model and formulas given above. We assume that s is 150, l is
60 and the EMs should tranmit to the n hop vehicles in ahead or behind the
accident vehicle.

Assuming the five cases obey uniform distribution, so Pi = 1
5 . The transmis-

sion delay of event driven routing scheme is shown in Fig. 3. With the increase
of n, T increased too. But when n is constant, as the increase of r, T changed
little.

Fig. 3. The time T of event-driven algorithm.

In this paper, we use directive broadcast model to be compared. And assume
n = 50, the T of directive broadcast model and event driven model are shown
in Fig. 4.

Both the directive broadcast model and event driven model transmission
delay will increase with the increase of vehicle transmission radius r. The time
delay of event-driven model is lower than directive broadcast models. And with
the increase of r event-driven’s advantage is increasing too. So the proposed event
driven routing althgrithm have an advantage in reducing transmission delay and
intermittent link.
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Fig. 4. The contrasting result of time T.

5 Conclusion

In this paper, we put forward an emergency event driven routing algorithm
for bi-directional highway. The real-time special neighbor nodes set makes the
algorithm more adaptable to the changeful highway. Through using the vehicles
from reverse direction the intermittent link reduce effectively. Event classification
makes the EMs transmit quickly to the greater affected vehicles. Besides, we
derive transmission delay formula. Through the simulation results, we verify our
proposed algorithm, which achieves better performance on reducing transmission
delay. In terms of future work, we will devote to reduce transmission delay on
the network layer and analyse capacity on the basis of the proposed algorithm.
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