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Abstract—Recently, vehicular ad-hoc networks (VANETs) technology has emerged as an important research area. Similar to 
mobile ad hoc network (MANET), VANET is characterized as self-configured wireless network. Being ad-hoc in nature, 
however, VANET has the characteristics that it has the dynamic topology, large and variable network size, and limited 
mobility. This paper suggests a new emergency message dissemination protocol, which addresses both the broadcast storm and 
disconnected network problems in highway VANETs. 
 
Index Terms—VANET, Route, Routing Protocols, Topology-based, Position-based.  
 
I. INTRODUCTION 
 
Vehicular Ad hoc networks (VANETs) are a kind of 
mobile ad hoc networks, where vehicles are 
considered as mobile nodes. VANET consists of 
access points and vehicles. The access points are fixed 
and usually connected to the internet[1][2]. VANET 
deals with the wireless communication between 
vehicles (V2V), and between vehicles and 
infrastructure access point (V2I). Usually vehicle to 
vehicle communication (V2V) types are one hop 
communication (direct vehicle to vehicle 
communication), and multi hop communication 
(vehicle relies on other vehicles to retransmit). 
 
Compared with other than mobile ad hoc networks, 
VANET has special characteristics in that it has high 
mobility, self-organization, distributed 
communication, road pattern restrictions, and no 
restrictions of network size [2]-[4] characteristics. 
These characteristics must be considered to design the 
efficient routing protocols.  
 
Routing protocols in VANETs are to provide optimal 
paths between network nodes with minimum 
overhead. Many routing protocols have been designed 
for VANETs, and can be classified in many ways. 
Some research papers classified VANETs routing 
protocols as topology-based, position-based, 
geocast-based, broadcast, and cluster-based routing 
protocols. This classification is based on the routing 
protocols characteristics and techniques used [5]. 
Other studies classified VANETs routing protocols as 
hierarchical routing, flat routing, and position-base 
routing. Still other studies categorized into two classes 
according to routing strategies: proactive and reactive 
[8]. On the other hand, other papers classified them 
into two categories: geographic-based and 
topology-based, according to the routing information 
used in packet forwarding. Also based on quality of 
services classification, there are three types of 
protocols that dealing with network topology 
(hierarchical, flat, and position aware), concerning 

with route discovery (reactive, proactive, hybrid and 
predictive), or based on the MAC layer interaction.  
Usually emergency messages are sent by a vehicle that 
detects a potential dangerous situation on the road. 
This information should be disseminated to alarm 
other vehicles about a probable danger that could 
affect the following vehicles.  
 
VANET is a high mobile network where the nodes are 
moving in speeds that may exceed 30m/s, they will 
reach the dangerous area very soon. In this situation, 
milliseconds will be very important to avoid the 
danger. Emergency messages in VANET are sent via 
broadcast, where all the vehicle inside the coverage 
area of the sender should receive the message. Owing 
to attenuation effects, the coverage area is usually less 
than 1000 m, which is the DSRC communication 
range. Vehicles behind the dangerous area should 
receive this important information to avoid the danger. 
There has been the study that the probability of 
message reception can reach 99% in short distances, 
whereas as low as 20% at half of the communication 
range. Therefore, it is required that high reliability and 
high dissemination speed with short latency in 
single-hop as well as multi-hop communications in 
broadcasting. 
 
This paper proposes a new scheme to help message 
dissemination by broadcasting in VANET. Opposite 
vehicles help to carry and disseminate emergency 
messages to the following vehicles traveling on the 
opposite lane. The number of broadcasting depends on 
the VANET connectivity, which involves the current 
vehicle’s density. To avoid broadcast storm problem, 
we reduce the number of broadcast messages by 
forwarding the limited number of broadcast messages. 
This paper is organized as follows: Section II gives the 
previous works of broadcasting in VANET. Section III 
proposes our scheme to reduce the broadcast overhead 
in sparse VANET. Section IV uses extensive 
simulation to show the numerical results when using 
the SCB scheme. Finally, SectionV summarizes and 
concludes this paper. 
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II. RELATED WORKS 
 
Routing algorithms in VANET is divided into 
topology-based and position-based routing protocols. 
In topology-based routing, each node manages the 
network layout and forward packets using information 
about available nodes and links in the network. In 
contrast, the position routing protocols are considered 
to be more stable and suitable for VANET with a high 
mobility environment, compared to topology-based 
routing protocols.  
 
Position-based routing is based on the position of the 
node. The source sends a packet to the destination 
using its geographic position. This protocol required 
each node is able to decide its location and the location 
of its neighbors through the Geographic Position 
System (GPS). The node identifies its neighbor as a 
node that located inside the node’s radio range. When 
the source need to send a packet, it usually stores the 
position of the destination in the packet header. This 
information is used in forwarding the packet to the 
destination without needs to route discovery, route 
maintenance, or even awareness of the network 
topology.  
 
Due to high mobility of vehicles, rapid changes in the 
distribution of nodes, and unexpected link down, 
previous algorithms for the ad-hoc networks does not 
perform efficiently in VANET. Therefore, message 
broadcasting in VANET is important in many 
applications and requires novel solutions that are 
different from ad-hoc networks. Message broadcasting 
in VANET is an open research challenge and needs 
some efforts for efficient solutions. 
 
Broadcasting algorithms require high reliability and 
high dissemination speed with short latency in 
single-hop as well as multi-hop communications. 
Problems associated with regular broadcasting 
algorithms are the high probability ofcollision in the 
broadcasted messages, the lack of feedback and the 
hidden node problem. 
 
WWB[6] scheme simulates the propagation of water 
waves. The characteristics of WWB are that it is 
distance-based and it uses carry and forward method 
for broadcasting messages. The water wave is 
triggered at the center, and the head wave leads the 
wave propagation to the outer area. 
 
DV-CAST is a broadcast routing protocol based on the 
multi hop. In this protocol, each node monitors the 
status of its neighbor all the time by sending periodic 
beacon messages to get information about the network 
topology. In sparsely connected networks, the node 
can be rebroadcast along with nodes moving in the 
same way. In disconnected case, the store and forward 
scheme is used where each node stores the 
broadcasting packet until it finds another node come 

into its broadcast range. If there is no node, it will 
discard the packet after the packet time is expired. 
DV-CAST protocol minimizes the broadcasting 
overhead, so the protocol is suitable for both light and 
busy traffic conditions. But, this protocol generates 
many control overheads and increase the end to end 
delay when transmitting data [8]. 
 
In Link-based Distributed Multi-hop Broadcast [9], all 
receiver nodes of the emergency message are 
candidates for forwarders. Each forwarder calculates 
and waits for contention time and the forwarder node 
will start to rebroadcast the emergency message if the 
contention time expires. 
 
In [10] and [11], position-based message forwarding 
protocol sends the emergency message in a broadcast 
method by selecting the best forwarder node available. 
All vehicles receiving that message are candidate 
forwarder nodes. However, all message receiver nodes 
will calculate the waiting time, and wait to make the 
rebroadcast even for the closest vehicles to the sender. 
So this leads to entire vehicles busy for any message 
received.  
 
In Emergency Message Dissemination for Vehicular 
[12], the farthest vehicle within the transmission range 
rebroadcast the emergency messages. Selecting one 
forwarder node is not suitable in a dynamic mobile 
network as the position is always changing. And the 
receiver node may become out of range when sending 
the message or simply the receiver can’t receive the 
message because of the channel problems like jam or 
denial of service.  
 
III. PROPOSED SCHEME 
 
In this section, we propose our scheme for emergency 
messages broadcasting in VANET, which aims to 
speed up the message dissemination by utilizing 
opposite lane vehicles. We assume that a vehicle is 
equipped with Global Positioning System (GPS) 
receivers. Each vehicle periodically broadcasts a 
beacon message to its one-hop neighbors. Upon 
receiving a beacon message from the neighbor, each 
vehicle can compare its own position to determine the 
neighbor’ position and whether the neighbor is 
moving in the same direction or in the opposite 
direction. By beacon message exchanging, each 
vehicle can maintain its local topology and determine 
which node is farther than any other neighbor nodes, 
which can be used as the next node for forwarding the 
broadcast message. The beacon frequency may be 1~4 
Hz for a typical VANET. 
 
Emergency messages should be received by all the 
following vehicles with high probability and 
reliability, because of the critical nature of the 
information. When a vehicle detects any danger, it 
issues an emergency message to warn other following 
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vehicles, and some vehicles in the opposite direction 
of the sender may be used as a forwarder vehicle to 
transmit such messages as quickly as possible. 

 
Figure 1 Message Propagations 

 
As a vehicle travels along one direction as in Fig. 1, 
transmission range may be changed depending on the 
speed of the vehicle. This fact should be considered 
when routing any message.  
 
Covering the area does not guarantee that all vehicles 
will receive the message in the area because of channel 
collisions and fading effects. The percentage of 
emergency message reception for the network vehicles 
should be as much as possible. In order to cover a 
wider area for message reception, some opposite 
vehicles can serve as potential forwarders, and each 
forwarder has to wait for a certain period of time 
before forwarding the message.  
 
Every beacon received by a vehicle is utilized to form 
the current network topology, which facilitates better 
vehicle network communication. It also helps to be 
informed about the potential emergency situations to 
other vehicles. By gathering information obtained 
from beacons received from neighbors, the next 
candidate forwarder, which has the weakest signal 
strength, is selected. Thus this forwarder may be the 
farthest node from the forwarding the broadcast 
messages, thus minimizing the number of the 
broadcast messages.     Emergency messages will be 
given the highest priority and are processed faster than 
any other kind of messages. 
 
We categorize various messages for the receiver 
vehicle to recognize the importance of the message. 
Table 1 lists the codes for each category. For example, 
when a vehicle receives two messages containing code 
1 and 5, as code 1 message is more critical 
information, it processes code 1 message first.  
 
After assigning the message code, the sender may add 
additional information to the message, such as the 
danger zone coordinates. The proposed structure of the 
message packet is shown in Fig.2. The packet has code 
thus the receiver vehicle can determine what action to 
take after receiving the message.  
When emergency messages to be transmitted from the 
source node S are needed, the transmission direction 

of the messages are decided as the following 
situations. 
 
(1) When node S has some following vehicle and some 
vehicles in the opposite lane, S transmits the message 
to an opposite vehicle A that works as the forwarding 
node.  

Table I. Category of messages 

 
 

 
Figure 2 Message Format 

 
(2) When node S has no following vehicle and some 
vehicles in the opposite lane, S transmits the message 
to an opposite vehicle A that works as the forwarding 
node. Then the forwarding node is responsible to 
broadcast the message to the destination vehicles. 
(3) When node S has some following vehicles and no 
vehicle in the opposite lane, S transmits the message to 
the following nodes. 
(4) When node S has no following vehicle and no 
vehicle in the opposite lane, traditional SCF scheme is 
applied. 
 
IV. SIMULATIONS 
 
In this section, we present simulation results of our 
schemes. 
 
A. Performance Metrics 
To evaluate the performance of our proposed schemes, 
we make simulations to compare with previous works. 
Our simulations focus on three important performance 
metrics as follows. 
 
(1) Coverage of Broadcast  
This is defined as the percentage of nodes that receive 
the broadcast message which is transmitted from the 
node that generates the emergency message. 
Compared with our proposed scheme, all the 
emergency messages that use the regular broadcast are 
received for each node. As our scheme does not 
involve all the nodes for forwarding emergency 
messages, some nodes may not receive emergency 
messages. 
 
(2) Latency 
Latency is defined as the average end-to-end latency 
experienced by packets that are successfully received 
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by all destination nodes. This can be measured as the 
average of differences between packet arrival time and 
packet transmission time. 
 
Latency = Average of (packet arrival time - packet 
transmission time) 

 
Figure 4 Latency Results 

 
(3) Packet Delivery Ratio 
PDR (Packet Delivery Ratio) is defined as the ratio of 
the number of successfully received packets to the 
total number of received packets. Higher packet 
delivery ratio means datacan be received to more 
vehicles. 

 

 
Figure 2 Packet Delivery Ratio Results 

 
B. Coverage of Broadcast 
We measured the percentage of nodes that receive the 
broadcast message which is transmitted from the node 
that generates the emergency message. Fig. 3 shows 
the results of coverage of broadcast. As the number of 
nodes (vehicles) of increases, the ratio increases up to 
50 nodes. But as the number of nodes increases again, 
the ratio drops a little. This may be the results of 
broadcast message conflicts. 

 
Figure 3 Coverage of Broadcast Results 

C. Latency 
We measured the average end-to-end latency 
experienced by packets that are successfully received 
by all destination nodes.Fig. 4 shows the latency as the 
number of nodes varies from 10 to 100. Performance 
of proposed scheme is slightly better than the regular 
broadcast up to 5%. As the number of nodes increases, 
latency time grows steadily. That is because the 
generated messages increases accordingly. 
 
D. Packet Delivery Ratio 
Fig. 5 shows the simulation results of packet delivery 
ratio. As it can be seen in Fig. 5, as the number of 
nodes increases, the percentage of packet delivery to 
the destination nodes increases too. Performance of 
proposed scheme is slightly better than the regular 
broadcast. For the regular broadcast, the delivery ratio 
drops a little bit when the number of nodes increases.  
That is because if the number of nodes increases, the 
generated messages also increases, which lead to more 
packet conflicts. 
 
CONCLUSIONS 
 
This paper suggested the routing strategies that use an 
opposite vehicle as a forwarder vehicle to disseminate 
emergency message to vehicles traveling on its 
opposite lane. We propose our scheme to assist 
message dissemination by broadcasting over opposite 
lane. In our scheme, an opposite vehicle helps to 
disseminate the emergency message to following 
vehicles traveling on the opposite lane by 
broadcasting. In addition, the next node for forwarding 
the broadcast message is decided by maintaining the 
neighbor node topology. Our proposed scheme 
performs slightly better than the regular broadcast. 
This is because our scheme generates less messages 
than the previous one. Our future study is to elaborate 
proposed scheme more and to make simulations to 
compare with previous works for performance. 
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