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 Vehicular Ad Hoc Networks (VANETs) is a recent technology to increase road safety 

and transport efficiency. In VANETs broadcasting of an emergency message for safety 

applications is a challenging issue. It is affected by various factors such as 

communication range, velocity of a node, and node density in a given area. Hence it is 
important to investigate the issues in broadcasting a safety message in VANET. The 

main goal of this paper is to reduce the redundant rebroadcast of emergency messages 

called broadcast storm problem using SIR (Susceptible, Infected and Removed) model 
inspired from the epidemic spreading technique. The proposed algorithm is simulated in 

NS2 and found to perform better than other broadcasting algorithms.  
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INTRODUCTION 
 

 Vehicular Ad Hoc Network is a wireless network with no fixed infrastructures and its architecture is 

defined to have interoperability between vehicles and road side units based on the DSRC technology. Vehicular 

networking will enable a wide range of applications, including safety applications traffic applications, 

information sharing applications and other applications. The challenging properties of VANETs such as their 

dynamic behavior and intermittently connected characteristics need to be considered when designing a reliable 

communication protocol in VANET. 

 The VANET safety applications include two types of broadcast messages. They are: Warning Message 

(WM) and Status Message (SM) updates. WMs usually contain safety-related information and SMs are 

periodically sent to all the vehicles within their range and contain vehicles state information such as speed, 

acceleration, direction, position and time.  

 Broadcasting is a communication primitive in VANET. Because radio signals are likely to overlap with 

each other in a geographical area, a straightforward broadcasting by blind flooding cause serious redundancy, 

contention and collision referred to as the broadcast storm problem N. Wisitpongphan et al (2007). In dense 

networks the broadcast suppression techniques are used to prevent the broadcast storm problem (BSP). In sparse 

networks store-carry-forward (SCF) techniques used to avoid disconnected network problem. SCF technique 

used to store and relay messages until a new opportunity for dissemination emerges. Ramon S Schwartz et al 

(2013) proposed to reduce broadcast storm problem in vehicular ad hoc networks by giving the highest priority 

to the most distant vehicles towards the message direction. 

 N. wisitpongphan et al in (2007) the three ways of assigning priority are presented: Weighted p-Persistence, 

Slotted 1-Persistence, and Slotted p-Persistence. (i) The farthest vehicles rebroadcast with the highest 

probability. (ii) Vehicles are assigned to different time slots depending on their distance to the sender, where 

vehicles with the highest priority are given the shortest delay before rebroadcasting. (iii) Mixes probability and 

delay by giving vehicles the highest priority,the shortest delay and highest probability to rebroadcast (Ramon, 

S., 2013). The main motivation of this paper is to propose an algorithm using the SIR Epidemic model to avoid 

BSP in VANET.  

 This paper introduces the concept of epidemic based broadcasting inspired from the Kermack-McKendrick 

epidemic spreading model proposed in the year 1972 to explain the rapid rise and fall in the number of infected 

patients observed in epidemics such as the plague and cholera. 
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2. Related Work:  

 Various solutions for VANETs have been proposed to cope with emergency message dissemination under 

different traffic conditions. The ultimate goal of broadcasting algorithm is to select only the minimum number 

of vehicles to rebroadcast and disseminate a message to a specific geographical region. (Khalid Abdel Hafeez et 

al 2013). 

 

2.1 Broadcasting in Vehicular Networks: 

 The following are some of the existing broadcasting algorithms used for analyzing the results with the 

proposed algorithm: 

 

Simple Flooding:  

 This method simply sends an alert message to all the vehicles like flooding. In this method there is lot of 

duplicate messages which leads to broadcast storm problem. 

 

p-Persistence Algorithm:  

 When a vehicle in the road receives a broadcast message for the first time, it will rebroadcast the message 

with a random probability p. It only reduces the probability and chance of occurrences of broadcast storm 

problem (BSP). It does not completely overcome BSP.  

 

TLO (The Last One):  

 It finds the most suitable vehicle to rebroadcast the alert message. The TLO algorithm is used to find the 

last vehicle. Only the node which is designated as the furthest node will rebroadcast the alert message. The 

drawback of this algorithm is that each node has to wait for some threshold time to hear the broadcasting 

message from the relay node and then proceed for retransmission. So the delay time is high in TLO proposed by 

Kanitsom et al in (2008). 

 

Simple Robust Dissemination (SRD): 

  (Ramon S. Schwartz et al 2011) provide lower delivery ratio in higher densities. It fails to control the time 

slots‟ density and leads to extra rebroadcast redundancy and collisions when many vehicles are assigned to a 

single time slot. EpiDOL, IremNizamoglul et al (2013) uses the epidemic routing by taking advantage of 

vehicles in the opposite lane to relay with novel probability functions among vehicles. It utilizes the opposite 

lane nodes as relay nodes to solve disconnected networks problem. But it has to improve for different data 

dissemination scenarios because it focuses only on the opposite lane. 

 

2.2 Epidemic Broadcasting Model:  

 In the area of Epidemiology, there is large amount of references to mathematical models for infectious 

diseases. In this paper, the SIR model was chosen for simulating the broadcasting mechanism in VANET.  

 

The States of SIR Epidemic Model: 

 Susceptible (S): The state in which a node is ready to receive any message. 

 Infected (I): The state in which a node has to spread the message. 

 Removed (R): The state in which the node will ignore the message already received.  

 

3. Proposed Algorithm: 

 In this paper a new algorithm is proposed to broadcast emergency messages in vehicular ad hoc networks 

based on the SIR epidemic model. This algorithm overcomes the problems in the existing broadcasting 

algorithms. The epidemic based broadcasting could be explained in two facets: (i) State transition of each node 

at a particular time point.(ii) Information spreading between the various nodes (vehicles). 

Epidemic Spreading Life Cycle:  

 

 

 

 

Fig. 1:  SIR block diagram. 

 

 Figure 1 shows the SIR epidemic model for vehicular ad hoc networks. Consider a basic SIR epidemic 

routing algorithm, where a source node starts to broadcast a piece of information. By analogy to the epidemic 

spreading in a human network, a vehicle in VANET can be in any of the three states S,I, R: A node that has 

never received the information from the source is in the susceptible state (S), in which the node can accept 

incoming transmissions if an opportunity arises. A susceptible node goes into the state of Infected state (I) and 

S I R 
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the infected node remains infective (I) immediately after it has received a copy of the information. The node in 

state „I‟ keeps transmitting the information, i.e. remain infectious, for a certain time period, after which the node 

enters into removed (R) state. A node in state R stops transmitting the information to other nodes and will ignore 

all future transmissions of the same information from other nodes. 

 The Accident Vehicle (Vi) creates an Emergency Safety Message called ESM, Vi is considered as the 

source node. The Vi transmits the ESM to all the susceptible nodes within the transmission range of a source 

node. The information (epidemic) will propagate until the time to live (TTL) of a packet. 

 This paper considers only a high way road with directional data dissemination in dense case vehicular 

network scenario. 

 

3.1 The SIR Algorithm: 

 The following assumptions are made in the proposed epidemic spreading technique and Figure 2 shows the 

proposed algorithm. 

 

Assumptions: 

Let Vi be the vehicle that sends an Emergency Safety Message (ESM). 

Let {S} be the set of susceptible vehicles 

Let {I} be the set of infected vehicles 

Let {R} be the set of removed vehicles 

TSij be the time slot between vi and vj 

Vfarthest be the farthest vehicle from initially susceptible vehicle 

TRange be the maximum transmission range of initially susceptible   vehicle 

 

3.2. Message Dissemination in VANET: 

 Each node in VANET focuses on rebroadcasting activity such as emergency message dissemination, 

discovery of next rebroadcasting node and removal of nodes to avoid the redundant rebroadcasting. 

 The nodes in VANET dynamically and arbitrarily change its behavior. For example the susceptible node „S‟ 

is to change its state to infected „I‟, and it is not possible to go from susceptible to removed state. The infected 

node „I‟ can change its state to removed node and it remains infective until the TTL expires. 

 To illustrate the behavior of the proposed algorithm consider the typical VANET scenario as shown in 

Figure 3. It shows the segmentation of broadcasting region in which Emergency Safety Messages (ESM) are to 

be transmitted in vehicular ad hoc networks. 

 In this scenario, the broadcasting region is segmented based on the maximum transmission range of source 

node called infected vehicle. In this scenario within the transmission range of initially susceptible vehicle all are 

infected by the neighbor node of Accident Vehicle (Vi). In Figure 3(a) the vehicles V1, V2, V3, V4 and V5 are 

initially in susceptible state (vehicles) in the range of V1. V1 is considered as the source vehicle (infected node) 

which is very near to the Accident Vehicle (Vi) and it has the Emergency Safety Message to broadcast to its 

neighboring node. V5 is the farthest vehicle to rebroadcast the message to the next segment. After getting 

infection, the vehiclesV1, V2, V3, V4, V5 are infected vehicles. Figure 3(b) shows the removed vehicles in this 

SIR epidemic algorithm. After the time expires all the infected vehicles goes to “Removed” state. 

 

4. Performance Evaluation 

 In this section, the performance of the epidemic algorithm is evaluated and compared with the existing 

broadcasting techniques. This algorithm reduce the broadcast storm problem and to improve the delivery rate by 

reducing end-to-end delay.  

 

4.1 Simulation Setup: 

 The simulation environment consists of the following simulation parameters as shown in table 1. This paper 

considers the VANET environment with 5, 10, 15 and 20 node densities per meter. Each node is free to move 

using random waypoint mobility model with different node mobility like 50, 100, 150 and 200 m/s and has a 

200m transmission radius.Table-1 shows the simulation parameters. 

 

4.2 Simulation Result: 

 The Following metrics are used to evaluate and compare the proposed algorithm with TLO and p-

Persistence algorithm. The figures show the performance of different protocols in different node density and 

node mobility.  

 Packet Delivery Ratio 

 End-to-End Delay 

 Throughput 
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Fig. 2: SIR Algorithm. 

 

 
 

Fig. 3: Epidemic Broadcasting Scenario. 

 
 

Fig. 3(a): Infected nodes within the TRange of V1. 

 

 
 

Fig. 3(b): Removed nodes within the TRange of V1. 

 

 Figure 4 and 7 shows the packet delivery ratio with different node density and different mobility speed. 

Figure 5 and 8 shows average end-to-end delay with different node density and different mobility speed. Figure 

6 and 9 shows throughput with different node density and different mobility speed. The performance of the 

algorithm is measured using the above mentioned metrics and analyzed for different node density and node 
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mobility. From the above graphs it is clear that the proposed algorithm performs better than TLO and p-

persistence algorithms which are the popular broadcasting techniques for VANET. 

 
Table 1: Simulation Parameters.  

Parameters Value 

Transmission Radius 200m 

MAC Protocol 802.11p 

Physical Propagation Model Wireless 

Vehicle Densities 5, 10, 15, 20 nodes/m 

Simulation Time 200s 

Vehicle Speed 50, 100,,150, 200m/s 

Antenna Type Omni Directional Antenna 

Mobility Model Random Two Way 

Road Length 1 Km 

Communication Environment Vehicle to Vehicle (V2V) 

 

 
 

Fig. 4: Packet Delivery Ratio with different Node Density. 

 

 
   

 Fig. 5: End-to-End Delay with different Node Density. 

 

 
 

Fig. 6: Throughput with different Node Density.                  

 

Conclusion: 

 This paper compares the existing broadcasting algorithms like TLO and p-Persistence with the proposed 

epidemic spreading algorithm.  These algorithms are compared with different node density and node mobility of 

a vehicular network. The result shows that the performance of the proposed algorithm is better in terms of 

packet delivery ratio, delay and throughput. Compared to the existing broadcasting algorithms like TLO and p-

Persistence technique the SIR algorithm reduces end-to-end delay in all cases such as for different node 

densities and different node mobility. 



85                                                                  M. Chitra and S. Siva Sathya,  2015 

Advances in Natural and Applied Sciences, 9(6) Special 2015, Pages: 80-85 

 

 
 

Fig. 7: Packet Delivery Ratio with different Node Mobility. 

 

 
 

Figure 8 End-to-End Delay with different Node Mobility              

 

 
 

Fig. 9: Throughput with different Node Mobility. 
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