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Abstract 

This paper modifies the AODV-R protocol. The AODV-R 
protocol modifies the AODV protocol by introducing a 
reliability factor. The paper proposes an algorithm that 
includes the reliability as well as delay factor in the existing 
AODV-R protocol to decrease the end 2 end delay. The 
protocol also reduced the routing overhead. The simulation 
is done using the NS2 and comparison shows better 
performance of modified protocol as compared to existing 
AODV-R protocol. 
Keywords: VANET, AODV-R, Reliability, delay. 

1. Introduction 

Recently, it has been widely accepted by the 
academic society and industry that the cooperation 
between vehicles and road transportation systems can 
significantly improve driver's safety and road 
efficiency and reduce environmental impact. In light 
of this, the development of vehicular ad hoc networks 
(VANETs) has received more attention and research 
efforts. Much work has been conducted to provide a 
common platform to facilitate inter-vehicle 
communications (IVCs). IVC is necessary to realize 
traffic condition monitoring, dynamic route 
scheduling, emergency-message dissemination and, 
most importantly, safe driving. It is supposed that 
each vehicle has a wireless communication 
equipment to provide ad hoc network connectivity. 
VANETs are considered as a special class of mobile 
ad hoc networks (MANETs), yet they have several 
key features distinguishing them. Network nodes in 
VANETs are highly mobile, thus the network 
topology is ever-changing. Accordingly, the 
communication link condition between two vehicles 
suffers from fast variation, and it is prone to 
disconnection due to the vehicular movements and 
the unpredictable behaviour of drivers. Fortunately, 
their mobility can be predictable along the road 
because it is subject to the traffic networks and its 
regulations. VANETs have normally higher 
computational capability and higher transmission 
power than MANETs. Those unique characteristics 

of VANETs raise important routing challenging 
issues that should be resolved before deploying these 
networks effectively. The most challenging issue is 
potentially the high mobility and the frequent 
changes of the network topology.[1] 

Vehicular Ad-hoc Network (VANET) is a form of 
mobile ad-hoc network (MANET) that provides 
vehicle-to-vehicle and vehicle-to-roadside wireless 
communications. It was first introduced by the US 
Department of Transportation. Indeed, because of its 
unmistakable societal impact that promises to 
revolutionize the way they drive, various car 
manufacturers, government agencies and 
standardization bodies have spawned national and 
international consortia devoted exclusively to 
VANET.[2] Vehicular Ad Hoc Networks (VANETs) 
have grown out of the need to support the growing 
number of wireless products that can now be used in 
vehicles. These products include remote keyless entry 
devices, personal digital assistants (PDAs), laptops 
and mobile telephones. As mobile wireless devices 
and networks become increasingly important, the 
demand for Vehicle-to-Vehicle (V2V) and Vehicle- 
to-Roadside (VRC) or Vehicle-to-Infrastructure 
(V2I) Communication will continue to grow 
VANETs can be utilized for a broad range of safety 
and non-safety applications, allow for value added 
services such as vehicle safety, automated toll 
payment, traffic management, enhanced navigation, 
location-based services such as finding the closest 
fuel station, restaurant or travel lodge and 
infotainment applications such as providing access to 
the Internet [3]. 

2. Architecture of vehicular networks 

The architecture of VANETs falls in three main 
categories 

1.  Inter-vehicle communication - This is also 
known as vehicle-to-vehicle (V2V) communication 



International Journal of Engineering, Applied and Management Sciences Paradigms, Vol. 16, Issue 01, June 2014 
An Indexed and Referred Journal 

ISSN (Online): 2320-6608 
www.ijeam.com 

 

IJEAM 
www.ijeam.com 

97 

 

or pure ad hoc networking. In this category, the 
vehicles communicate among each other with no 
infrastructure support. Any valuable information 
collected from sensors on a vehicle, or communicated 
to a vehicle, can be sent to neighboring vehicles. 

2.  Vehicle-to-roadside communication - This is 
also known as vehicle-to-infrastructure (V2I) 
communication. In this category, the vehicles can use 
cellular gateways and wireless local area network 
access points to connect to the Internet and facilitate 
vehicular applications. 

3.  Inter-roadside communication - This is also 
known as hybrid vehicles-to-roadside 
communication. Vehicles can use infrastructure to 
communicate with each other and share the 
information received from infrastructure with other 
vehicles in a peer-to-peer mode through ad hoc 
communication. Besides that, vehicles can 
communicate with infrastructure either in single-hop 
or multi-hop fashion depending on their position. 
This architecture includes V2V communication and 
provides greater flexibility in content sharing [4].  

3. Vehicular Reliability Model 

a) Highway mobility model 

There are two major approaches to describe the 
spatiotemporal propagation of vehicular traffic flows: 
macroscopic traffic flow models and microscopic 
traffic flow models. The macroscopic approach 
pictures the traffic flow as the physical flow of a 
continuous fluid. It describes the traffic dynamics in 
terms of aggregated macroscopic quantities such as 
traffic density p(x, t), traffic flow q(x, t) and average 
velocity v(x, t) as functions of space x and time t 
corresponding to partial differential equations. On the 
other hand, the microscopic approach describes the 
motion of each individual vehicle. It models actions 
like the accelerations, decelerations and lane changes 
of each driver as a response to the surrounding 
traffic. It is known that the macroscopic approach can 
be used to describe both individual vehicle motion 
and general traffic flow status. Hence, we use the 
macroscopic traffic flow model to describe the 
vehicular traffic flow and utilize the average velocity 

quantity to consider the mathematical distribution of 
vehicular movements over the traffic network. 
Moreover, the connection availability is determined 
based on the position, direction and velocity of each 
individual vehicle so the involvement of microscopic 
traffic flow model can improve the accuracy of the 
modeling. The vehicular velocity distribution comes 
from the macroscopic approach, and each individual 
vehicle's movement is tuned using a microscopic 
approach to refine the prediction of its movement. 
Using this hybrid approach, we can obtain more 
accurate estimation of the link reliability between 
vehicles.  

b) Link reliability model 

The link reliability is defined as the probability that a 
direct communication link between two vehicles will 
stay continuously available over a specified time 
period [5]. 

c) Route reliability definition 

In vehicular networks, multiple potential routes could 
exist between the source vehicles r and destination 
vehicle de, where each route is composed of a set of 
links (hops) between the source and the destination.  

4. Reliability Based Routing Protocol 
(Aodv-R) 

In AODV-R routing protocol,  R stands for 
reliability. AODV is a reactive routing protocol, i.e. it 
establishes a route between the source node and the 
destination node  only on demand. AODV can be 
used for both uni-cast and multicast routing. When a 
network node needs a connection, it broadcasts a 
routing request (RREQ) message to the neighboring 
vehicles. Every node receives this RREQ will record 
the node it heard from and forward the request to 
other nodes. This procedure of recording the previous 
hop is called backward learning. If one of the 
intermediate nodes has a route to the destination, it 
replies back to the source node with that route. If 
more than one reply arrives at the source node, then it 
uses the route with the least number of hops. If the 
routing request arrives at the destination node, a 
routing reply (RREP) message is sent back to the 



International Journal of Engineering, Applied and Management Sciences Paradigms, Vol. 16, Issue 01, June 2014 
An Indexed and Referred Journal 

ISSN (Online): 2320-6608 
www.ijeam.com 

 

IJEAM 
www.ijeam.com 

98 

 

source node using the complete route obtained from 
the backward learning.[6] 

When a link breakage occurs, routing error messages 
(RERR) are generated to repair the existing route or 
discover a new one. AODV sends HELLO messages 
periodically to ensure the link is still active. In order 
to fulfill the requirements of our proposed reliability-
based scheme, we extend AODV routing messages 
RREQ and RREP, and the routing table entries as 
follows: 

1. RREQ message is extended by adding five new 
fields to its structure. 

• XPos, YPos contain the coordinates 
of the vehicle that 
generates/processes this RREQ.  

• Speed contains the current velocity 
of the vehicle that 
generates/processes this RREQ. 

•  Direction contains the movement 
angle of the vehicle that 
generates/processes this RREQ. 

•  Link_reliability contains the value 
of the link reliability between the 
sender and receiver of this RREQ. 

2. RREP message is extended by adding one new 
field to its structure. 

•  Route_reliability contains the final 
value of the whole route reliability 
between the source node and the 
destination node. This value is 
used by the source node to decide 
which route will be chosen in case 
of multiple routes between the 
source and the destination are 
found. 

3. Routing table is extended by adding one new field 
to its structure. 

• Route_reliability contains the 
value of the route reliability of this 

route entry. This value is updated 
every time a route with a higher 
reliability value is found for the 
same destination.  

5. Route discovery process in AODV-R 

When the source vehicle Sr has data to send, it first 
looks at its routing table. If there is a valid route to 
the destination de, then it will use it, else a new route 
discovery process starts. The source vehicle 
broadcasts a new RREQ message to the neighboring 
vehicles and adds its location information, direction 
and velocity to this request. Once the RREQ is 
received by the neighbor vehicle, it calculates the link 
reliability to the sender vehicle and creates/updates a 
direct route based on the calculated link reliability 
value. After that, the link reliability value is updated 
by multiplying the calculated value and the saved 
value in RREQ message. The new reliability value is 
then saved in the RREQ message. After that, the 
current vehicle will check if this RREQ is processed 
before or not. If it is, then we have a reverse route to 
the source vehicle. If the reliability value of this 
reverse route is less than the reliability value of the 
discovered one, it means that we have a new reverse 
route with better reliability value. In this case, the 
RREQ message will be processed again. Otherwise, it 
will be discarded. This mechanism allows the 
intermediate/destination vehicle to process multiple 
RREQs and send multiple RREPs to the source 
vehicle. After finishing the creating/updating process 
of the reverse route, the current vehicle checks if it is 
the destination vehicle. If yes, then RREP message is 
sent back to the source vehicle with the final route 
reliability value. If it is not the destination, then it 
checks if it has an active route to the destination. If 
there is one, then it sends RREP message back to the 
source vehicle, else it forwards RREQ to other 
vehicles. If the source vehicle receives multiple 
RREPs for the same RREQ, then it chooses the route 
based on the maximum reliability value among all 
received RREPs. In this way, we choose the most 
reliable route to the destination. 

6. Proposed System 
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In the existing AODV-R protocol the E2edelay is 
large because the reliability factor is considered. This 
reliability increases the security and the performance 
in terms of packet delivery but the end 2 end delay 
can be reduced further. The proposed algorithm 
reduces the end 2 end delay by introducing the delay 
as a constraint in routing procedure. The procedure 
will check for delay as well as for the reliability to 
get the better performance. To reduce the routing 
Load firstly the delay constraint is used to filter the 
path then the filtered path goes through reliability 
procedure. The delay filed is also added to the packet 
header of the AODV-R protocol. The whole process 
can be easily understood by following flowchart: 

 

Figure 1:  Discovery processing of modified AODV-R 

 

The modified AODV is compared with other protocol 
using various parameters that are explained below. 

1. Packet Delivery Ratio (PDR): The number 
of delivered data packet ratio to the 

destination and this also illustrates the level 
of delivered data to the destination. 

∑ Number of packet receive / ∑ Number of packet 
send 

2. End-to-end Delay: The average time taken 
by a data packet to arrive in the destination 
and it also includes the delay caused by 
route discovery process and the queue in 
data packet transmission and only 
successfully data packets that delivered to 
destinations that counted. 

∑ (arrive time – send time) / ∑ Number of 
connections 

3. Routing Overhead: The total number of 
routing packets transmitted during the 
simulation i.e. the sum of all transmissions 
of routing packets sent during the 
simulation.  

               Calculated as Routing Overhead= Σ 
Transmission of routing packets 

Table 1: Performance Comparison of AODV 
Protocols for different Nodes 

Number 
of nodes 

PDR E2EDELAY(ms) Normalized 
Routing 
Load 

10 99.17 34.71 0.021 

20 99.14 34.664 0.049 

30 98.97 34.6 0.106 

40 99.17 34.72 0.103 
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Table 2: Result for modified AODV for different 
Nodes 

 

Name of 
protocol 

PDR E2EDELAY

10 99.21 34.70 

20 99.18 34.653 

30 99.07 34.5 

40 99.63 26.18 

 

Figure 2 :Comparison OF PDR 
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Figure 3 :Comparison OF E2Edelay

Figure 4 : Comparison OF Routing Overhead

The graphical and the tabular comparison show that 
the proposed protocol has increased PDR decrease
end 2 end delay and normalized routing load

7. Conclusion 

The paper modifies the AODV
implements the AODV-R and modified AODV
protocol. Then the PDR, E2Edelay and the routing 
load is used to compare the performance of existing 
and modified AODV-R protocol. The modified 
AODV-R has better performance than the existing 
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protocol. In future the secured can be enhanced in the 
proposed protocol. 
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