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Abstract 
Vehicular transportation is one of the main modes of transportation for millions of people all over the world. Vehicular 
network provides new opportunities to develop innovative and advanced solutions for making reliable communication 
between vehicles. The process of Information forwarding between vehicles is always a critical task since vehicular 
networks often lack continuous end-to-end connectivity and are characterized by large variations in node density. When 
the density of vehicles on the road gets low it becomes more difficult to transfer the information. To address this 
problem, an effective solution has been provided to enable a reliable communication in vehicular networks and provide 
better connectivity. It is very important to transfer the maximum number of packets to the destination vehicle. So in this 
method the information forwarding in low density traffic is simulated by placing sensors on the road side. Transmission 
of packets is done by using Ad-hoc on demand Distance Vector (AODV) routing protocol. The proposed solution for 
information forwarding in low density traffic is simulated using QualNet (Network Simulator). The simulation results 
shows that the proposed approach enhances the data delivery ratio in intermittently connected Vehicular Ad-hoc 
Networks. 
Keywords: Vehicular networks, Information forwarding, Sensors, Vehicle-to-vehicle Communication, Road 
Side Unit (RSU), On Board Unit (OBU). 

1. Introduction 

In modern economical and technical development, Intelligent Transportation System (ITS) has become 
more and more important and essential for a country. Practice shows that relying only on the construction 
of transport infrastructure and expansion does not fundamentally solve the existing transportation problems 
and sometimes it even makes such problems more severe. So every country is actively exploring ITS 
technology to solve traffic problems. But due to  different situations of fund investment, current technology 
merit and  various traffic problems for each country, the development level of ITS and research areas are 
distinct. The countries should improve the communication technology, update and enhance ITS 
Technologies. Intelligent Transportation System (ITS) is based on the increasing demands of transportation 
development. It integrates the information, communication, computers and other technologies and applies 
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them in the field of transportation to build an integrated system of people, roads and vehicles by utilizing 
advanced data communication technologies. It can establish a large, full-functioning, real-time, accurate 
and efficient transportation management system. ITS makes service objects’ focus change from road 
managers to road users. In order to achieve this purpose, ITS uses advanced technology to provide drivers 
with the road information and convenient services to reduce traffic congestion and to increase road 
capacity. All most, all the applications ranging Safety-relative applications, like collision avoidance and 
driving assistance etc, usually requires an exchange of messages between vehicles to vehicles and vehicles-
to-infrastructure in a small scope and required to be delivered in time. In this context, many research group 
exploring research on reliable information delivery among vehicles. An overview of highway cooperative 
collision avoidance (CCA) is presented by Biswas et al. in [3]. In order to improve the safety and efficiency 
of the nation's road transportation system, Federal and State Departments of Transportations (DOTs) 
cooperated with vehicle manufacturers to propose the Vehicle Infrastructure Integration (VII) based on the 
evaluation of the technical, economical, and political feasibility of deploying a communications system. 
The (VII) provides a communication link between vehicles on the road (via On-Board Equipment, OBE), 
and also between vehicles and the roadside infrastructure (via Roadside Equipment, RSE). 

1.1 Vehicular Networks 

Vehicular networking serves as one of the most important enabling technologies required to 
implement a myriad of applications related to vehicles, vehicle traffic, drivers, passengers and pedestrians. 
These applications are more than novelties and far-fetched goals of a group of researchers and companies. 
Intelligent Transportation Systems (ITS) that aim to streamline the operation of vehicles[2], manage vehicle 
traffic, assist drivers with safety and other information, and along with provisioning of convenience 
applications for passengers are no longer confined to laboratories and test facilities of companies. A prime 
example of such services includes automated toll collection systems, driver assist systems and other 
information provisioning systems. This grassroots movement has also been backed up by coordinated 
efforts for standardization and formation of consortia and other governmental and industrial bodies that aim 
to set the guiding principles, requirements, and first takes on solutions for communication systems that 
primarily involve vehicles and users within vehicles. The excitement surrounding vehicular networking is 
not only due to the applications or their potential benefits but also due to the challenges and scale of the 
solutions. Among technical challenges to be overcome, high mobility of vehicles, wide range of relative 
speeds between nodes, real-time nature of applications, and a multitude of system and application related 
requirements can be listed. Furthermore, considering ITS applications that require information to be relayed 
multiple hops between cars, vehicular networks are poised to become the most widely distributed and 
largest scale ad hoc networks. Such challenges and opportunities serves as the background of the 
widespread interest in vehicular networking by governmental, industrial, and academic bodies. 

1.2 Architecture Design 

Vehicular Ad-Hoc Net-works (VANETs) are wireless networks between vehicles-to-vehicles 
(V2V) and vehicles-to-infrastructure (V2I). VANET is a collection of set of On Board Unit (OBU) and set 
of Road Side Unit (RSU), these are the wireless devices equipped with vehicles and base stations[1]. In 
vehicular networks, both vehicles-to-vehicles and vehicles-to-infrastructure communications are used to 
implement applications ranging such as local hazard warning, efficient route planning, and coordination of 
traffic flows and road traffic safety, efficiency and reducing road congestion by means of inter vehicle 
communication and many more[5].  
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Fig. 1 System Architecture 

 
The existing scheme will not transfer the data packets to the destination vehicle with the increased rate. The 
data packets will be lost when transmitted from source to the destination vehicle. In order to increase the 
number of packets to be transmitted to the destination vehicle AODV routing protocol is used. In this 
methodology the information is sent to the base station. The base station checks whether the destination 
vehicle is in its range. If the destination vehicle lies in the range of the base station then it will forward the 
information to the destination vehicle. If it is does not lies in the range of base station then it will send the 
information to another vehicle that is in its range (next hop). By using this multi-hop communication[1], the 
information will be reached to the destination vehicle. There will be another case in which no vehicles 
present in the range of a base station. In such scenario the information will be sent to the sensor nodes that 
are placed on the road side. From the sensor the information will be sent to the destination vehicle. In this 
methodology, the information will not be lost due to the lack of end-to-end connectivity between vehicles. 
Thus by placing sensor nodes on the road side the loss of data can be minimized and thus the efficiency of 
the system will be increased[10]. 
 
1.3 Information Forwarding Process 
 
1. Source Node (send INFO) 
2. Base station (BST) (Discover the route using routingInformation) and do 
3. IF (BSTrange == DESTrange) 
{ 
IF (NODE == DEST) 
{ 
Forward INFO; 
} 
Else 
NODE=Next_ hop; 
IF (Next_ hOPrange == DESTrange) 
{ 
NODE=DEST; 
Forward INFO; 
} 
} 
4. IF ((BSTrange! =DESTrange) AND 
(Next_ hOPrange! = DESTrange)) 
{ 
Trigger SENSER =TRUE; 
} 
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5. Sensor discovers the route and does 
6. IF (SENSERrange == DESTrange) 
{ 
NODE= DEST; 
Forward INFO; 
} 
Else 
NODE=Next SENSER 
Repeat until Next BST encounter 
7. Repeat step 2 to 6 till NODE==DEST 
 

2. Modules Description 

2.1 Network Construction 
In this module, network architecture with number of nodes is formed by using QualNet 

simulation. Simulated Area is about 2km * 2Km.The nodes with size, position, and colour   in the network 
are initialized. Explains the network constructed with sensor node, multiple intermediate nodes and cloud 
server. The group of these nodes forms the cloud in WSN. The WSN selects set of sensor nodes for 
network construction. Each node is assigned with ID and energy. Based on these values, the intermediate 
nodes are selected by source node. 

 
Fig. 2 Network Construction 

2.2 Route Discovery 
In route discovery, each node sends the beacon signal to identify the route to forward the packet. 

Here, the source node establishes the route to middleware through router. The middleware establishes the 
route to cloud server to transmit packet. Multiple paths can be established for deliver the packets. 

 
Fig. 3 Route Discovery 

2.3 AODV Implementation       
AODV is a reactive routing protocol, that it establishes route to destination only on demand. The 

destination sequence numbers are applied to find the latest route to the destination. It also identifies the 
intermediate nodes based on energy and distance for packet transmission. The intermediate nodes forward 
the packet to the cloud server. The routing based scheme uses Ad hoc On-Demand Distance Vector 
(AODV) which performs source location privacy in WSN. Initially, the nodes are created in the sensor 
network which connects the entire node to sensor network server, after that activate the sink to collect the 
information. Source node sends the original packet to sink through intermediate nodes. The nodes are 
selected based on energy and distance. At the same time, dynamic paths are used by source node to confuse 
adversary to locate hotspot in wireless sensor networks. 
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2.4 AODV Protocol 
There are two types of routing protocols which are reactive and proactive protocol. In reactive 

routing protocols the routes are created when source wants to send data to destination whereas proactive 
routing protocols are table driven protocols. Being AODV as a reactive routing protocol uses routing tables 
and sequence numbers are used to determine whether routing information is up-to-date and to avoid routing 
loops. The preservation of instant based states is an important feature of AODV which means a routing 
entry is not recently used which is expired. The neighbors are notified in case of route fracture. The 
discovery of the route from source to destination is based on query and reply cycles and intermediate nodes 
store up the route information in the form of route table entries all along the route. Control messages are 
used for the discovery and breakage of route are mentioned as follows:  
HELLO Messages 
Route Request Message (RREQ) 
Route Reply Message (RREP)  
Route Error Message (RERR) 

2.4.1 Hello Messages 
         The HELLO messages are broadcasted to know neighborhood nodes. The neighborhood nodes are 
directly communicated. In AODV protocol, HELLO messages are broadcasted to inform the neighbors 
about the activation of the link. These messages are not broadcasted since short time to live (TTL) with a 
value equal to one. 

2.4.2 Route Request Message (RREQ) 
A route request packet is flooded through the network when a route is not available for the 

destination from source node. The parameters are contained in the route request packet are presented in the 
following table. 

Table 1 Route Request Parameters 

Source 
Address 

Request 
ID 

Source 
Sequence 
Number 

Destination 
Address 

Destination 
Sequence 
Number 

Hop 
Count 

A RREQ is recognized by the pair source address and request ID, every time when the source 
node sends a new RREQ means the request ID is incremented. After receiving the request message, each 
node checks the request ID and source address pair. The new RREQ is discarded when there is already 
RREQ packet exists with same pair of parameters. 

2.4.3 Route Reply Message (RREP) 
On having a valid route to the destination or if the node is destination, then a RREP message is sent to 

the source by the node. The following parameters are contained in the route reply message: 

Table 2 Route Reply Parameters 

Source 
Address 

Destination 
Address 

Destination 
Sequence 
Number 

Hop 
Count 

Life 
Time 
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2.4.4 Route Error Message (RERR) 
The neighborhood nodes are monitored constantly. When a route that is active is lost, the neighborhood 

nodes notified by route error message (RERR) on both sides of link in network. 

2.5 Discovery of Route 
When a source node does not have routing information about destination, the process of discovery of the 

route starts for a node with the source wants to communicate. The process is started by broadcasting RREQ 
message. On receiving RREP message, the route is established to that node. If multiple RREP messages 
with different routes are received then the routing information is updated with RREP message of greater 
sequence number. 

2.6 Packet transmission 
Now each node can know the shortest route to the sink which includes the identities of the nodes in the 

first received beacon packet. Then packet transmission phase transmit the event captured as packet 
information to sink through intermediate nodes. 

3. QUALNET 5.0 
 The Qualnet is a discrete event simulator (DES) that can simulate the behavior of an 
interconnected network of real processes in response to designated inputs, or events. Many real world 
systems can be modeled as a DES where internal and external events occurring at specific times cause the 
system to change from one state to another, possibly generating outputs and events to occur at a future 
time. A DES includes a set of nodes and an event queue which holds a number of events, each of which is 
directed to a specific node and the time which it is to occur. The queue server processes each event in turn, 
which increments a virtual clock and executes the program resident in the particular node. This may result 
in a new event, which is placed on the queue at the point where it is to be executed, and possibly an output 
function. 

3.1 Scenario Description 
          In the simulation of Reliable Information forwarding system, vehicles are placed on the road. The 
vehicles are connected to a subnet to form a network. A person can be able to communicate with the 
vehicle that is running on the road. He has to send the data to the nearest base station. The base station will 
search for the vehicle. Now it’s vehicle's job to perform cooperative communication in order to forward 
that message to the next vehicle. When base station delivers message to Vehicle (next hop) then vehicle 
forwards that message to next Vehicle (next hop) then vehicle forwards that message to the next Vehicle. If 
there is no vehicle then the information will be lost. But here, even though vehicle is not present, the 
information will reach the destination vehicle because of the sensor nodes that are placed on the road to 
sense the information and to forward it to the next vehicle or to the next sensor node. This process will be 
repeated until the information reaches the destination vehicle[1]. 
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Fig. 4 Scenario of Information Forwarding System 

 
 

 
Fig. 5 Scenario of packet transmission 
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4. Simulation Results 
 

 

Fig. 6 Total Number of Packets Sent 
 
 

 

Fig. 7 Total Number of Packets Received 
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5. Conclusions 

When the density of vehicles is less, the information will not reach the destination vehicle because of 
the lack of connection between vehicles that are moving and infrastructures that are located on the road 
side. The development in vehicular network technology provides connection between moving vehicles for 
transmitting the information from source to the destination vehicle that forwards the information by means 
of multi-hop communication. The sensor nodes can be placed on the road side to collect the information 
from one vehicle and to send it to the next vehicle. Because of this, the data packets will reach the 
destination vehicle successfully. Hence, the number of data packets can be increased and the delay can be 
reduced in Vehicular Ad-hoc Networks by using Ad hoc on demand Distance Vector (AODV) routing 
protocol. 
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