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ABSTRACT 

The growth of wireless technology has developed since the invention of wireless 

devices. With the recent introduction of smart phones and other latest mobile devices, 

the growing need for networking is limitless. This calls for a more efficient Adhoc 

network formed on the go. The goal is to improve the MANET type of Adhoc networks. 

This infrastructure less network has routing protocols to route the packets to the 

intended recipient in an organized manner. AODV protocol chooses the best path to the 

destination based on the hop count as metric it has no power, stability and bandwidth 

optimization. Considering the current need, the resource needs to be utilized in an 

efficient manner so that the requests are met in a timely manner. This research 

proposes a stable, energy aware ,bandwidth, optimized metric to load balance the traffic 

between available non-overlapping channels in 802.11[1] standards. The proposed 

protocol has proved to have 50% better performance. It has avoided additional 

overhead for the control packet and accounted for another important broadcast storm 

problem by avoiding HELLO (Used as keep alive) packets used to discover neighboring 

nodes. 
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CHAPTER 1 

INTRODUCTION 

1.1 Overview 

The deployment of Adhoc Networks is increasing at a rapid pace and accelerated 

by the availability due to the use of mobile devices like PDA’s, laptops, smart phones, 

Bluetooth, etc. Acknowledging the benefits of Adhoc networks, more and more research 

is being conducted to increase the efficiency and reliability of such networks. Adhoc 

networks lack all the properties of wired networks such reliability, fixed network structure 

etc, therefore the existing routing protocols for Adhoc networks are modified to meet the 

requirements of the consumers and give them the results similar to wired networks. The 

research that is being conducted in this domain continues to prove vital and contributes 

to the development in Adhoc internetworking. As shown in Figure 1.1, Adhoc networks 

are decentralized in nature.  

Figure: 1.1 Overview of Adhoc Networks 

The different types of Adhoc networks include, but are not limited to, Mobile 

Adhoc Networks (MANET), Aircraft Adhoc networks (ARNET), Vehicular Adhoc 
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Networks (VANET), Wireless Sensor Network (WSN), and Wireless Mesh Networks 

(WMN). This research proposes an efficient modification to the existing MANET protocol 

Adhoc on Demand Distance Vector (AODV) to meet the growing demands of the Adhoc 

networks in an optimized fashion. 

 Some of the following characteristics of Adhoc networks mandate the need for 

more research in optimizing packet delivery in existing Adhoc networks to meet future 

requirements. 

 Mobility: The sheer nature of Adhoc networks that allow mobility cause dynamic, 

unpredicted and frequent topology changes, which would require an efficient 

routing protocol  

 Power: Mobile devices are battery operated and the batteries are limited in 

capacity. This calls for a routing protocol that would utilize the available power in 

a more efficient manner 

 Link stability: Link stability plays a major role in the reliability of Adhoc networks. 

As the Adhoc nodes are mobile, link stability would be a major concern.  

 Load Balancing: Operating in a single channel might yield various problems like 

delay and hidden node problems. Load balancing, by making use of all the 

available channels, would optimize channel utilization which would help reduce 

delay and hidden terminal problem.  

1.1.1 Challenges  faced in  Adhoc Networks 

The following parameters has always been challenging the performance of 

Adhoc networks 
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 Data Rate Enhancement: Throughput is always a key parameter to determine 

the performance of any routing protocol. With the increased use of wireless 

devices, there is a need to meet the growing demands of the users. Providing 

methods to enhance the throughput has thus far been a challenge. 

 Providing Reliability: Since Adhoc networks are formed on the go, the link 

stability for reliable communication is always a challenge in Adhoc networks. 

 Power Demands: Adhoc devices are battery operated so, long lasting battery 

power of these devices has always been a challenge. Efficient usage of 

remaining power available in the nodes is always a demanding need of Adhoc 

networks. 

 Security: Due to the existence of malicious nodes, the available resources and 

data transmitted in Adhoc network is greatly exploited. Forming a secure Adhoc 

network is a fast growing area of research. 

1.2 Problem Identification 

Adhoc nodes operating in a single path, single channel model might experience 

packet loss and high latency due to the congestion caused. Nodes along the heavy 

traffic path could reach the maximum bandwidth limit and experience undesirable 

amounts of packet drop. 

In Adhoc networks the nodes are mobile and contain no infrastructure.  Certain 

emergency messages have to be delivered with very low latency and high reliability. An 

efficient routing protocol should ensure reliable packet delivery in a timely manner. 

Battery power plays an important role in determining the duration for which 

Adhoc networks will be able to forward packets. An optimized routing protocol should be 
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able to consider the energy of a node while making routing decisions. Unlike wired 

networks, Adhoc networks are prone to frequent link changes which might cause a huge 

packet loss. 

All the above-mentioned concerns call for an efficient protocol that would make 

efficient routing decisions. Once the aforementioned parameters are taken into account, 

reliable and efficient packet delivery to the end nodes will be ensured. 

1.3 Proposed Solution 

Considering the need for the messages to reach the intended recipient within the 

stipulated time, the existing routing metric is modified to make use of all the available 

channels. Based on the composite metric, the source node selects the best suitable 

route through which it forwards the packet. These metrics are considered important in 

an Adhoc environment. 

1.4 Thesis Organization 

The thesis is organized as follows. Chapter 2 gives an overview of the properties 

of different Adhoc networks it also presents a description about various schemes 

proposed for multichannel operation and compares the difference with the suggested O-

AODV scheme .Chapter 3 gives the detailed explanation of the suggested Optimized 

AODV scheme along with the algorithm and mathematical model. Chapter 4 describes 

working of network simulator NS2 and along with the simulation environment followed 

by the results and discussion. Chapter 5 briefs the conclusion and future works 
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CHAPTER 2 

LITERATURE REVIEW 

This chapter gives a brief overview of wireless networks and outlines the various 

types of Adhoc networks. It also briefly reviews the previously done research proposals 

on multichannel support for Adhoc networks and gives a comparison outlining the 

differences between the previous research proposals and this research proposal. 

2.1 Wireless networks  

A Wireless network [2] can be defined as a network of devices/nodes that have 

computing power and are interconnected to each other with the help of a wireless 

medium. These wireless nodes have the ability to communicate with each other either 

with the help of a wireless infrastructure or independent of the wireless infrastructure. 

Wireless networks that can communicate with each other without the need of the 

underlying infrastructure is referred to infrastructure-less networks. By infrastructure we 

refer to traditional network routers/gateways/access points. Adhoc is a prominent 

example of a network with no infrastructure. 

2.2 Mobile Adhoc Networks (MANET)  

The nodes in an MANET [3] do not rely on network infrastructure such as access 

points /gateways to communicate with each other. Instead the Adhoc nodes are 

intelligent enough to make routing decisions by themselves. Routing decisions on such 

networks are made instantaneously and are highly dependent on the nodes within 

range and the channel availability. Since the Adhoc networks allow mobility of the nodes 

it would be unable to clearly predict the topology of the network at any given point of 

time. 
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The sheer nature of the Adhoc networks allowing mobility could be a boon as 

well as a bane. Since the nodes are mobile, the topology of the network is more 

dynamic than traditional infrastructure based networks. Since Adhoc networks are 

flexible and versatile, the routing decisions taken by these Adhoc nodes should be 

intelligent enough to make efficient packet delivery. As one might imagine, the 

effectiveness of the routing decisions would be greatly dependent on the metric. If the 

metric is more effective and accurate, so is the routing decision. 

There are many types of Adhoc networks; the following sections give a brief 

overview of some of them.   

 Vehicular Adhoc networks (VANET): This type of Adhoc network is formed by 

a group of vehicles that are equipped with a wireless communication device 

travelling along a section of a road. They have the capability to exchange 

messages between each other and with the wireless framework alongside the 

road. Since most of the messages exchanged are safety messages, there should 

be minimal latency and high reliability.  

 Intelligent Vehicular Adhoc Networks (InVANET): This type of Adhoc network 

allows the nodes to make intelligent decisions based on emergencies like 

accidents, collisions etc. 

 Internet Based Mobile Adhoc Networks (IMANET): Nodes act as a connecting 

bridge between mobile nodes and fixed internet gateways. Routing is totally 

different from the normal Adhoc networks. 
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2.3 Multi-path Multichannel Routing Protocol [4] 

In this particular research, protocol load balancing of packets is done based on 

selecting routes to the destination on different frequency bands. In 802.11b, 11 

channels are available out of which 1, 6 and 11 are non-overlapping. In this research 

channel assignment to the nodes is done by the MAC layer. The Route Discovery is 

similar to that of the existing DSR protocol, with the exception of accepting the duplicate 

Route Request (RREQ) to the destination node. By doing this, all possible routes to the 

destination are saved in the route cache. Based on the Route Reply, the source node 

will select two best routes in different frequency bands. Metric is selected based on hop 

count, power usage and number of disjoint nodes. In order to avoid the flooding of the 

overhead, using the Route Reply (RREP), a threshold limit is set at the destination. If 

the number of RREQ exceeds the threshold the destination will not send the RREP. 

While this research certainly improves the efficiency of the routing protocol by 

making use of multiple channels to forward packets, it does not take into account other 

important metrics such as battery power and the link stability. Link stability is a quantity 

dependent on the battery power of the nodes.  

2.4 An Integrated Metric Routing Protocol for Multichannel Wireless Networks [5] 

In this research, the authors provide an integrated metric for routing protocol in a 

multichannel environment using 802.11a, comprising of channel status and node 

status. Channel selection strategy is calculated based on the switching cost and the 

queuing cost. Every channel has a separate queue. The underlying key point is that all 

channels should stay in a common control channel. A special metric was devised to 

decrease the total network delay. Each node updates the routing cost at a time interval 
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of T. Cost will be an additional characteristic to the existing AODV routing protocol in a 

multichannel environment. 

Unlike the existing AODV protocol the source node selects the route based on 

the least cost assigned to the route. The authors contend that the devised protocol 

improves the cost of switching delay, channel quality and traffic balance. 

Though this research considers node status and link status it is argued that 

battery power, link stability and the channel availability are also necessary to calculate 

the composite metric thereby allowing more granularities and enough flexibility to meet 

the future requirements. 

2.5 Energy-Aware Algorithms for AODV in Adhoc Networks [6] 

The authors of this paper argue the importance of energy aware routing in an 

Adhoc environment which can extend the network lifetime. An energy aware routing 

metric is used to select the path to the destination. The battery power information is 

transmitted in the HELLO message and route discovery messages. The reserved bit 

field in the message is utilized to convey the energy parameter between nodes. The 

metric is comprised of the runtime battery power, and a real-time propagation loss 

obtained from sensing the received signal power. Cost for path selection is based on 

the suggested power metric calculated using the runtime battery power and real time 

propagation loss. Low-battery-alert mechanisms on critical nodes are another important 

improvement to the existing protocol. 

This research studies the behavior for AODV using an efficient composite metric 

comprising of a frequency channel, available energy and stability of links between 

nodes. One key differentiator in this research approach is that link stability can be 

measured over a period of time and more stable links can be better utilized.  
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2.6 Implementation of Multichannel Multi-Interface Adhoc Wireless Networks [7] 

The authors of this paper argue that the existing IEEE 802.11 hardware can be 

exploited for the usage of multichannel multi-interface support. Simplified Interface 

switching technique is used for interface assignment, aiding the exploitation of multiple 

channels. The routing protocol selects the route based on the channel diversity and 

interface switching cost, thus providing the highest throughput. The key idea of 

interface switching is that when two transmitting nodes are in different communication 

channels, they switch interfaces so they are in the common communicating channel. 

This is achieved by introducing fixed interface and switchable interface for each and 

every node. All information will be maintained by nodes using the neighbor table and 

channel usage list table. Channel usage is exchanged by sending periodic HELLO 

messages. The continuation of this research calls for a routing protocol to efficiently 

exploit the multichannel support. 

Maintaining a database for all the neighbors could prove useful, but the 

maintenance of such a table would need periodic refreshes, which could in turn add 

additional overhead. Also, it is unclear if this proposal includes information of the battery 

level of the nodes. 

This approach optimizes the use of fewer resources, while taking into account 

vital parameters such as battery level, available frequency channels and link stability.  

2.7 EM-AODV Metric Based Enhancement for AODV Routing Protocol [8] 

This research aims to improve the existing AODV protocol by suggesting a 

composite metric comprising of the bandwidth, stability and consumed battery power. 

Three new additional fields are added to the Route Reply (RREP) packet in order to 

carry the information for the metric calculation. A delay is introduced at the source 
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node for multiple RREP’s to arrive at the source and afterwards the route selection is 

made at the source for the best path to reach the destination. The authors of this paper 

propose an efficient load balancing technique by splitting the data and sharing it in the 

ration of the metric calculated.  

The main difference between the previous research proposal and the proposed 

approach is the additional overhead, delay caused at the source node for route 

selection, and single channel operation. The proposed approach takes into account all 

the vital parameters to make intelligent routing decisions. 
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CHAPTER 3 

OPTIMIZED AODV SCHEME 

In this research, the intention is to optimize the routing decisions taken in Adhoc 

networks by making use of the unused frequency channels, optimizing the energy 

usage and increasing the stability of nodes. The need for such optimization and its 

significance will be discussed later in this chapter. The improvement made in the 

existing AODV protocol is discussed in detail following a brief explanation on the 

working of the protocol. 

3.1 An overview of control packet flow in AODV protocol  

As per RFC 3561, following are the three main control packets of the AODV protocol:  

 Route Request (RREQ): As the name indicates, RREQ is a control packet that is 

sent by a node to request a route to a particular destination from its neighboring 

nodes. RREQ packets are broadcast in nature and all neighboring nodes receive 

the transmitted packets. When the neighbor receives the RREQ packet, it sets up 

a reverse route entry to the source from which the RREQ is received. This 

reverse route entry would help to forward the Route Reply (RREP) packets back 

to the source.  

 Route Error (RERR): RERR denotes an error. RERR packets are sent from a 

node to its neighboring nodes to denote a loss of a link.  

 Route Reply (RREP): As the name indicates, Route Reply (RREP) packet is a 

control packet that is sent by the intermediate node in response to the received 
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RREQ packet. This packet type is discussed in detail later as changes were 

made to this packet in order to enhance the existing AODV protocol. 

3.1.1 Overview of AODV routing  

When a node sends a packet to another node, it refers its routing table to see if a 

route entry exists to the intended destination. If a route entry is found, the packet is 

forwarded along that route. If the node does not have the routing information to forward 

the packet, it gathers the routing information from its neighboring nodes with the help of 

the control packets. When a route does not exist, the source node sends a RREQ 

broadcast packet to its neighbors. The neighbors respond to the RREQ packets with a 

RREP packet containing the requested route information. In certain situations, the 

intermediate nodes might not have the requested route information. In the 

aforementioned situation, the intermediate node will rebroadcast the RREQ packets 

from the source node. This process is repeated until an intermediate node or the 

destination node replies to the RREQ. Due to this recursive rebroadcast of the RREQ`s, 

the destination node might receive multiple copies of RREQ from the same source 

through different paths. The destination sequence number prevents multiple copies of 

the same packet getting looped between nodes. Freshness of the route is also 

determined by the destination sequence number. The destination sends the RREP 

packet back to the source through the path along which it received the first RREQ. 

AODV maintains only the route to the neighbors instead of the entire path the packet 

has taken. 
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3.2 The need for optimization 

Since the devices under consideration are mostly battery operated, power is an 

important factor in determining the performance of the device. Battery operation is 

referred to as energy throughout this discussion. 

A path can become nonexistent if the energy of an intermediate node along the 

path is exhausted. The stability of a link between two nodes is greatly dependent on the 

energy remaining in the intermediate nodes. It is contended that in order to make more 

intelligent and optimized routing decisions the protocol should take into consideration 

the following three important parameters, the energy of the mobile node, the stability of 

the links and the unused frequency channels. In this research, existing AODV protocol 

has been modified to make routing decisions by incorporating the above mentioned 

parameters. 

3.2.1 The need for utilizing the unused frequency channels  

The need for utilizing multiple channels is demonstrated with the help of the 

following scenarios. 

3.2.1.1 Scenario 1 

Let us consider four wireless nodes A, B, C and E as shown in Figure 3.1. When 

there is an ongoing packet exchange between nodes B and C, no other node within the 

same transmission range can transmit packets until ongoing transmission is complete. 

So when there is another packet destined to E, sourced from A, transmission has to be 

delayed until the transmission between nodes B and C is complete. This, unfortunately, 

introduces delay in packet delivery and causes inefficient bandwidth usage.  
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An efficient protocol should be able to make use of resources effectively to 

provide maximum throughput and minimum delay with least overhead. This calls for the 

need to make use of available frequency channels in 802.11b and ensure efficient 

packet transfer. 

 

Figure 3.1: Scenario 1 

3.2.1.2 Scenario 2 

Paths A  B  C  D, A B C  E and A  B  C  F  G utilize node C 

as the central node to send packets as illustrated in Figure 3.2. This increases the traffic 

load on node C. Consider the following example, any packet from node A to node E, 

node A to node G and node B to node D has to pass through node C. This might cause 

congestion and at times, packet drops. One possible solution to the above-described 

problem is to use multipath and multichannel to distribute traffic evenly. If the node has 

the capability to operate on different frequency bands then the packet delivery rate can 

be increased tremendously. 
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.  

Figure 3.2: Scenario 2 

3.3 Assumption made to meet these requirements 

The following assumptions are made for simulation purposes: 

 Wireless radio used, supports multiple channels simultaneously  

 All nodes are capable of filling in the appropriate energy and stability bit fields 

in the RREP packet 

3.4 Proposed solution  

The proposed protocol is a modified version of the existing AODV protocol called 

Optimized AODV (O-AODV). O-AODV is capable of operating in multiple frequency 

channels simultaneously. The metrics are devised in such a way that they allow efficient 

operation of all available and unused frequency channels. The available frequency 

channels, energy and stability of individual nodes, and links along the path are 

incorporated in the path selection criteria. After the path selection process, packets may 

traverse through multiple paths utilizing multiple frequency channels. The source node 

selects the best path to the destination according to the composite metric calculation 
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and is capable of operating in all available frequency channels along the path. The 

efficiency of this protocol was evaluated with the help of the NS-2 simulator.   

3.4.1 Route Reply (RREP) Message Format 
 

 0                   1                   2                   3 

0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 

+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ 

|     Type      |R|A|    Reserved     |Prefix Sz|   Hop Count   | 

+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ 

|                     Destination IP address                    | 

+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ 

|                  Destination Sequence Number                  | 

+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ 

|                    Originator IP address                      | 

+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ 

|                           Lifetime                            | 

+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ 

Figure 3.3: The original Route Reply (RREP) Message Format 

As the name indicates in Figure 3.3, Route Reply (RREP) packets are control 

packets that are sent by intermediate nodes in response to received RREQ packets. 

RREP packets are sent only if intermediate nodes have a route to the requested 

destination in which case the RREP packets contain actual routing information 

requested in the RREQ packet. If the intermediate node does not have the requested 

routing information, it rebroadcasts the RREQ till the packet reaches the destination.  

3.4.2 Modified RREP packet format  

    0                   1                   2                   3 

    0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 

   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ 

   |     Type      |R|A|EB|EB|SB|SB|Reserved|Prefix Sz| Hop Count   | 

   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ 

   |                     Destination IP address                    | 

   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ 

   |                  Destination Sequence Number                  | 

   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ 

   |                    Originator IP address                      | 

   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ 

   |                           Lifetime                            | 

   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ 

Figure 3.4: Modified Route Reply (RREP) Message Format 
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O-AODV is efficient in that it avoids any additional overhead that might be 

incurred either by using HELLO messages or adding additional headers. It is possible to 

modify the existing packet format by adding values to the reserved bit field. In this 

protocol, the first 4 bits in the reserved bit field are used to include energy and stability 

parameters between nodes. The source node will be able to select the best path based 

on the maxima and minima values of energy and stability received on all the available 

common channels between nodes. 

The first 4 bits from the reserved bit field of the RREP packet is utilized as shown 

in Figure 3.4. The first two bits are used for energy and the remaining two for stability. 

They are referred to as Power bits (EB) and Stability bits (SB). The RREQ packet 

remains unchanged.  

3.4.2.1 Stability Bit - SB 

 It is a two bit field used to calculate the stability. This bit is used to indicate the 

stability of links between nodes along the path to reach the destination. If this bit is set, 

it indicates link failure between nodes i and i-1. 

3.4.2.2 Power Bit - EB 

It is a two bit field used to indicate the energy available at each node. Based on 

the combination of zeros and ones, energy values are assigned as shown in Table 3.1.  

Setting the destination only flag (D-bit) indicates that only the destination is 

capable of responding to the route request. Once RREP is received from the 

destination, the source node updates its route table. This ensures that the most recent 

information about power and stability of intermediate nodes along the path is available.  
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3.4.3 Algorithm 

As shown in Figure 3.5, when a source node needs to send a packet to the 

destination, but does not have an entry in the route table, it broadcasts a RREQ packet 

to all its neighbors on all available frequency channels. When a neighboring node 

receives the packet, it sets up a reverse route entry to the source node from which the 

RREQ was received.  This reverse route entry helps forward the RREP packet back to 

the source. If the intermediate node does not have a route to the destination, it will then 

rebroadcast the packet on all its available frequency channels, making note of the 

common channel along the path. This process continues until the packet reaches the 

destination.  

Once the destination sends a RREP, all nodes along the path update the EB and 

SB values in the reserved bit (4 bits) field. By this process, each node makes note of the 

common operating channels along the path. 

 

Figure 3.5: Explanation of working principle 
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3.4.4 Energy Calculation 

Energy calculation is the summation of remaining energy in the nodes. Each 

node will be able to convey its remaining energy to its neighbors by filling the first two 

bits in the RREP packet. EB value is updated as shown in Table 3.1. 

Table 3.1: Schematic Representation of Energy 

Energy (%) Assigned Value  

>25 1 

>50 2 

>75 3 

 

3.4.5 Stability Calculation 

Stability calculation is the summation of all the link failures between the nodes. 

Adhoc networks have the capability of calculating link failures with the help of HELLO 

messages and link layer feedbacks. The proposed protocol considers the link failures 

calculated using only link layer feedback. 802.11 protocols enable the link layer to 

detect if the link to the next hop has failed and then inform the upper layer protocols 

about the same. This process speeds up the link failure detection as it happens in the 

data link layer instead of the network layer.  Each node is capable of informing the 

neighbors about the number of link failures that has occurred between them and the 

next hop node. This method of detecting the link failure increases throughput by 

reducing unnecessary broadcast caused by HELLO packets. Stability is calculated as 

shown in Table 3.2.  
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Table 3.2: Schematic Representation of Stability 

Least Number Of link failures Assigned Values 

s<2 1 

2≤s≤4 2 

4≤s≤6 3 

 

3.4.6 Metric Selection Parameters 

 Source node selects the best path to send the packet based on the following 

metric 

Metric=(K1 * Bandwidth) + (K                                       ) + (K3 

*                                           ) 

The constants K1, K2, K3 will be set by the user based on application 

requirements. For example, if many channels are available to a particular destination, 

then K1 is given more weightage by assigning it a value of 3.On the other hand if the 

calculated energy is lower, then K2 is given a value of 2.If the link is considered very 

stable then K3 is assigned a value of 3.. Using the composite metric, path selection can 

be made more flexible for different types of traffic. Typically, constant K Values are 

defined based on traffic types. 

. The following types of traffic could benefit from the scalability and flexibility of 

this optimized approach. 

3.4.6.1 Scenario 1 - Multimedia Traffic 

Multimedia is defined as a consolidated execution of voice, video, data, etc.. For 

multimedia traffic bandwidth and delay are the key parameters for efficient packet 
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delivery. The proposed protocol can be made more suitable for such traffic by giving 

higher weightage to K1 (bandwidth) and K3 (stability).  

Characteristics of Multimedia Traffic are described below: 

 Data Type: Bandwidth is a key parameter to transmit large data successfully. 

Typically, voice and video require more bandwidth, whereas text data is less 

bandwidth intensive. Therefore in the case of voice and video the bandwidth (K1) 

is given a higher value. 

 Accurate Delivery: Most applications expect 100% accurate packet delivery, 

which cannot be compromised. For such applications, stability (K3) is given a 

higher value. 

 Low Latency: Latency can be compromised in the case of data transfer [6]. 

Audio and video latency causes a lot of negative impact. So, stability and energy 

are given more weightage for the seamless transmission of the audio and video 

packets.  

 Packet Loss or Loss of content: This feature cannot be compromised in the 

case of text data as it can result in corrupt files. Whereas packet loss in the case 

of voice and video is acceptable [6].In such scenarios, stability is comparatively 

given more weightage. 

3.4.6.2 Scenario 2: Military Traffic 

The area covered by a node in an Adhoc network plays an important role during 

data transmission. Ideally, the energy is a vital part in transmitting any traffic. The 

primary purpose of an Adhoc network is to support military application, where quick 
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network formation and survivability are the key parameters. In such cases, energy 

efficiency plays a key role.  

Stability of the links between nodes plays an important role in making a path 

reliable. Especially for military purposes, trustworthiness of the link is used as a key 

parameter for path selection. In such scenarios, we can increase the K3 value for path 

selection, so the protocol performs well for those intended users. Adding more 

importance to stability will increase the performance of the protocol in this environment. 

3.4.6.3 Scenario 3: TCP Traffic 

Connection oriented, bidirectional, reliable, acknowledged, and flow Control are 

the characteristics that make TCP a well-known protocol for a wide range of 

applications. TCP is also known as a reliable transmission control protocol. It is reliable 

for its ability to provide connection oriented services. If the links are stable and the 

nodes’ battery power is long lasting, the performance of TCP traffic is significantly 

improved. Bandwidth can be compromised in such cases where more weight is given to 

stability and battery power. 

3.4.6.4 Scenario 4: All Internet Traffic 

Multimedia TCP traffic requires a long lasting battery for packet transfer. In such 

scenarios, based on the discussion for multimedia and TCP traffic, all metrics are given 

equal importance.  

Based on the traffic pattern and traffic type, the proposed protocol provides 

versatile performance in all aforementioned four scenarios. The performance of this 

protocol is discussed in detail in chapter 4.  
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3.4.7 Mathematical Model 

The metrics can be represented using Moore automata [10], which is a 

representation of automata with (state) outputs .The specialty of this automaton is that 

each state has an output function assigned. 

3.4.7.1 Representation of the Bandwidth metric using Moore automata 

 The state space is defined as S= {Transmitting in n channel, transmitting in all 

available n channels} 

 The state changes on the occurrence of events so the event set is defined as E = 

{n=1, n>1} 

    Since the metric is represented using the Moore automata the output due to the 

occurrence of each event is represented above the corresponding event set. 

 

Figure 3.6: Representation of the bandwidth metric using Moore automata 

3.4.7.2 Representation of Battery Power using Moore automata 

Since the battery power is represented using the first two bits, there can be three 

combinations. State space is defined as: S= {PL0, PL1, PL2} .The event set consists of 

binary numbers and is represented as: E= {E>25, 50<E<75, E>75}  
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The representations are self-explanatory with the Moore automata since the 

complete system can be interpreted, since it can display the output of each state on the 

occurrence of an event. The outputs are used by the nodes for the calculation of battery 

power loss between the node i and the next node i-1.The output values are assigned 

from the Table 3.1. 

 

Figure 3.7: Representation of Battery Power using Moore automata 

3.4.7.3 Representation of Stability using Moore Automata 

The operation can be represented using the same Moore Automata. The state 

space “S” and the event “E” that acts on these states are defined as follows: S = {Very 

Stable, Stable, and Unstable} ,E = {s<2, 2≤s<4, 4≤s≤6}  

 

Figure 3.8 Representation of Stability using Moore Automata 
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The output values are chosen to be the two bit value that can be represented 

using the assigned values from Table 3.2.  Stability is calculated in a time frame of 30 

ms duration. When there is no link failure within that specified time duration, the values 

are calculated from table 3.2. Then the clock is reset and the process continues. 
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Chapter 4 

SIMULATION RESULTS AND ANALYSIS 

This chapter describes the tools used for this research work followed by the 

explanation of the results and analysis. The suggested protocol named Optimized-

AODV (O-AODV) is compared to AODV. 

4.1 Tools Used for the Research Work 

1. NS2 (Network Simulator) :Version used ns-allinone-2.33 

2. Eclipse (IDE): 

 4.1.1 Network Simulator Version 2(NS2) 

NS2 is a discrete-event based network simulator widely used for analysis of 

computer networks. This embeds the operation of TCL script built on top of two 

programming languages C++ and OTcl (Object Oriented Support). Tclcl acts as a 

connecting link between C++ and OTcl. Physical activities are converted into events. 

Events are processed in the order in which they are queued and when they are 

scheduled to occur. The NS2 is a very useful tool, where one can simulate complex 

networks. The only drawback with the simulator is the inability to collect the outputs and 

plot or draw the results. We are dependent on scripts (PERL or shell) to collect the 

outputs from the generated trace files towards the end of the simulation, and then 

depend on Mat Lab or X-Graph or Gnu plot for graphical representation of the results. 

Figure 4.1 is the order in which the events occur within the simulator [11]. 
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Figure: 4.1 Representation of the Working of NS2 

4.1.2 Architectural Overview of Adding Multi-Channel Support In NS2  

This model of NS2 mentioned in figure 4.2 is capable of defining multiple 

interfaces to a particular node, so every interface is assigned to a separate channel. 

This feature of NS2 allows the node to operate in two individual hardware interfaces in 

their corresponding channel. This hardware capability allows any number of 

simultaneous transmissions based on the number of interfaces and channels defined, 

using the TCL script. Two simultaneous transmissions is possible by using the above 

mentioned model of NS2.This was confirmed from the trace file generated at the end of 

the simulation, by collecting the packets acknowledged by the destination for two 

different destination nodes from the same source node. This research makes use of this 

unique feature for channel allocation [7]. 

The incoming traffic pattern for the above mentioned model of NS2 remains 

unchanged, so it still works as it does for AODV. However, O-AODV’s contribution to 

the metric selection affects the decision making for outgoing traffic by selecting the 

correct channel based on the battery power, stability, and the number of available 

channels. Since O-AODV protocol aims to improve the route selection metric in AODV, 



28 
 

the C++ code of the routing agent (aodv.cc, aodv.h) is modified accordingly in order to 

meet our requirement. 

 

Figure: 4.2: Architectural Overview of Adding Multichannel Support in NS2 [13]            

 4.2 Overview of Eclipse 

In order to better understand the C++ code architecture and to incorporate this 

idea in the correct way, the Integrated Development Environment (IDE) is used in 

combination with NS2. This is a software tool that enables editing, compiling and 

debugging of software codes, making it more convenient for programmers. The 

software represents a single code in which all the developments can be made. It 

reduces the time to understand a code, because understanding a lengthy code is time 

consuming so by making use of this tool the code could be understood more clearly. 

Eclipse was used in integration with NS2 for developing O-AODV. 
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4.2.1 Advantages of using Eclipse 

There are many advantages of using Eclipse [12]: 

 The project can be managed easily using the GUI 

 Provides Real Time Warning for function and syntax errors 

 Offers access to all the functions using eclipse 

 Provides seamless integration of tools with different content types and tool 

providers. 

 In order to integrate our idea into the existing routing agent we modified the 

following C++ codes in NS2: AODV.cc, cmu-trace.cc, aodv.h, and packet.cc. To make 

the correct routing decision, changes had to be made to the existing code. The features 

of this tool allow setting the breakpoints near the functions or lines intended to run the 

program. The program was debugged and operations like Step Into, Step Over, and 

Step Run were used to look deeper into the function or skip to the next function. This 

gave the ability to follow the order of functions called and make changes to the program 

in order to make routing decisions. Since the preferred intermediate nodes along the 

path of the route reply fill in their energy and stability values, the changes are made to 

SendReply and RecvReply functions of the code. Intermediate nodes fill in the reserved 

bit field in the Route Reply packet. When the source node receives the packet it can 

make appropriate routing decisions based on the proposed metric. 

4.3 Simulation Parameter 

 The following simulation parameters are set to run the experiment. These options 

are available in the simulator NS2. 
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 Channel Type                               Channel/Wireless Channel 

 radio-propagation model              Propagation/TwoRayGround 

 network interface type                  Phy/WirelessPhy 

 MAC type                                      Mac/802_11 

 interface queue type                     Queue/DropTail/PriQueue 

 link layer type                                LL 

 antenna model                              Antenna/Omni Antenna 

 Number of Nodes                         27-35 

 Transmission Rage                      250 meters 

 Simulation Area                            2000 * 2000 meters 

 Packet Size                                  520 bytes 

 Max Packets                                1000000 

 Number of Channel                      2-3 

 Traffic Type                                  TCP traffic (FTP) 

4.4 Performance Measurement 

 The performance of the suggested Multichannel AODV with modified metric is 

compared with normal AODV, which operates in one channel. The performance is 

analyzed and the results were verified with the help of awk scripts. 

1. Throughput =(recvdSize/(stopTime-startTime))*(8/1000) in Kbps 

2. Delay    = n_to_n_delay * 1000 in milliseconds 

3. Packet Delivery Ratio =(Received Packets /Generated Packets) * 100 

 recvdSize -Size of the packet received 

 stop time-Time till which the simulation was run 
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 start time-Time at which the simulation was started 

 Received Packets- Number of Packets received 

 Generated Packets- Number of Packets Generated 

 Simulations are run at 30, 60, 90,120,150 milliseconds and the performance 

metrics are analyzed and discussed. Discussion is based on the collected results and 

the simulation setup described below. The result compares AODV to O-AODV using the 

following parameters, throughput, Average End-To-End Delay, and Packet Delivery 

Ratio. In the graphs, single channel refers to AODV, whereas two, three, five channels 

represent O-AODV with energy and stability optimized. 

4.5 Results and Discussion 

4.5.1 Throughput Comparison between AODV Vs O-AODV 

 The throughput is analyzed for 27 nodes by varying the timestamps from 30-150 

milliseconds. The performance is compared between single channel and two channels 

for simultaneous transmissions taking place. From Figure 4.3, it was found that the 

throughput for the O-AODV always proved to be double the throughput of the AODV. In 

AODV two transmissions cannot take place simultaneously, that is the reason for the 

poor performance of the AODV. As no transmission can take place along the same path 

as the ongoing transmission in a normal wireless scenario, the next transmission that 

has to travel along the same path should wait for the current transmission to get 

completed. However, in a multichannel environment the case of O-AODV with energy 

and stability optimization, the availability of the channel is exploited efficiently, this 

obtains maximum throughput. The graph has a noticeable increase in throughput from 

30 – 60 milliseconds and then gradually the throughput increases throughout the 

simulation time. Initially the energy and the stability of the nodes have not been 
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depleted as much, so the throughput has a noticeable increase. During the later stages 

the battery power and the stability of the nodes are depleted which is the reason for the 

gradual increase of the throughput curve. 

 From Figure 4.3 it is very clear when the number of channels is increased, the 

throughput of O-AODV has a drop in its throughput but still gives a better performance 

than AODV. The reason for the drop in the throughput up to 50Kbps is because of the 

resources being shared between the channels for three simultaneous transmissions.            

Also,                                                  

When verifying the same equation by increasing the number of nodes to 45 in O-

AODV, it was found that there is a tremendous drop in throughput. Even though there is 

a drop, the throughput remains constant throughout the simulation. The AODV 

throughput remains the same as the previous scenario with two simultaneous 

transmissions, whereas the performance is similar due to the availability of energy and 

stability during the initial stages. Then the throughput increases and stabilizes after 60 

milliseconds.  



33 
 

 

Figure 4.3: Throughput Comparison between AODV Vs O-AODV 

Table 4.1 Throughput Measurement 

Time(ms) AODV  (27) 
O-AODV (Two 
Channels)(27) 

O-AODV (Three 
Channels)(27) 

O-AODV (Five 
Channel)(35) 

30 135.34 214.38 158.42 294.17 

60 143.08 233.54 158.74 294.43 

90 144.9 237.9 158.94 294.3 

120 145.69 239.97 159.22 294.61 

150 146.01 241.18 158.68 294.35 

 

Increase in channels, along with the increase in the number of nodes, proves to 

increase the throughput tremendously with O-AODV. Two simultaneous transmissions 

were sent to test the performance of the proposed metric. The suggested protocol 

seemed to perform better in the multichannel environment with a greater number of 

channels because of the fact the energy and stability are more distributed than the 

scenario with less channels. The node resources are utilized more efficiently, and the 
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suggested protocol seems to perform better with more channels compared to the 

working of AODV. 

4.5.2 Average End-To-End Delay Analysis between AODV Vs O-AODV 

Average end-to-end delay is the total delay caused in sending the packets across 

the network to the intended recipient. For example, the congestion caused in sending x 

number of packets in a single channel is more than compared to the congestion caused 

in O-AODV. As expected, the AODV takes twice the delay compared to O-AODV as 

shown in Figure 4.4. This is because the congestion requires the use of a single 

channel which in turn causes a tremendous delay in transferring the packets across the 

network. 

The reason for the slight increase in delay observed in O-AODV is due to its 

operation in 5 channels compared to O-AODV’s operation in 2 channels. The number of 

packets generated in the 5 channels is 10 % more, that is the reason for the slight 

increase in delay for O-AODV operating in 5 channels. Since the number of packets 

transmitted is more the slight delay can be compromised 

The resource distribution of energy, stability, and bandwidth, along with the 

efficient utilization of these resources, has increased the performance of O-AODV to a 

greater extent. 
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Figure 4.4 Average End-To-End Delay 

 

Table 4.2: Average End-To-End Delay Measurement 

Time(ms) 
AODV(Single 
Channel)(27) 

O-AODV(Two 
Channels)(27) 

O-AODV(Five 
Channels)(35) 

30 509.513 299.253 388.978 

60 693.512 250.739 391.258 

90 756.774 266.589 396.394 

120 782.671 276.416 406.24 

150 798.146 311.335 505.994 

 

4.5.3 Packet Delivery Ratio comparison (AODV Vs O-AODV) 

Packet Delivery Ratio is the ratio of the received packets to the number of 

packets generated. The main purpose of forming an Adhoc network is to transfer data. 

Therefore, the number of packets sent successfully is an important parameter to 

determine the efficiency of the protocol. In order to support this argument, Table 4.4 

shows the number of packets received successfully in AODV and O-AODV. This 

example was taken for two simultaneous transmissions in a 35 node scenario. 
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Table 4.3: Packet Delivery Ratio 

Time(ms) AODV O-AODV 

30 98.87% 99.56% 

60 99.36% 100% 

90 99.04% 100% 

120 99.79% 100% 

150 99.66% 100% 
 

From the Figure 4.5 it is clear that for the same type of simulation with the same 

number of transmissions and same number of nodes in AODV and O-AODV, the 

number of packets received is significantly more in O-AODV when compared to the 

packets received in normal AODV. Stable energy aware routing in multiple channels 

favor the transmission of a greater number of packets in O-AODV. Another important 

reason for the phenomenal performance of O-AODV is the avoidance of unnecessary 

broadcast of HELLO messages. This is expected to cause negative impact on the 

network bandwidth which is considered very limited in an Adhoc network. 

Table 4.4 Number of Packet Generated 

 

 

AODV(Packets 
Received) 

O-AODV(Packets 
Received) 

6162 10910 

4700 10558 

3106 7696 

1954 4814 

752 1950 
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Figure 4.5: Packet Delivery Ratio 

A link breakage between nodes is detected based on the loss of HELLO from the 

neighbors. This research disables the broadcast of HELLO messages so link breakages 

are identified using link layer feedback, which is an exclusive feature of AODV in NS2. 

The avoidance of unnecessary broadcast helps in improving the performance of O-

AODV to a greater extent.  
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CHAPTER 5 

CONCLUSION AND FUTURE WORKS 

5.1 Conclusion 

 This research aims to improve the performance of AODV routing protocol. To 

achieve this goal, the route selection metric is being modified at the source node. The 

metric that chooses the route to the destination is modified. A multichannel energy 

aware stable route is selected in an environment where no HELLO messages are being 

used.  O-AODV not only improves the performance by modifying the metric, but also 

accounts for another important broadcast storm problem in Adhoc networks. The dual 

purpose of the proposed protocol seems to perform extremely well in terms of 

throughput, end-to-end delay and packet delivery ratio. The modification to change the 

metric by adding energy and stability values along the path from the destination back to 

the source is done wisely by not adding any additional overhead to the existing headers. 

The wise utilization of the reserved bit fields available in the RREP packet is another 

important advantage of O-AODV. All these factors favor the exceptionally efficient 

results of O-AODV. 

5.2 Future Work 

Analysis of the same protocol of a larger number of nodes with a greater number 

of channels, adding more security, is considered necessary to the future enhancement 

of the proposed scheme. Since the interference of malicious nodes often prevents the 

efficient working of Adhoc networks additional security measures are considered very 

important as they will add more value to the suggested protocol. 
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APPENDIX 

 

Pseudo code for O-AODV 

The proposed scheme works based on the following algorithm for multichannel multi 

interface support. 

Members involved in O-AODV 

 Source Node-Node which sends data  destination 

 Destination Node-Node which is capable of receiving the  data packet from the 

source node 

 Intermediate Nodes- Nodes capable of forwarding the data packet between the 

source and the destination 

 n – Number of available channels  

 E – Remaining energy in the nodes 

 S –Number of link failures between node i and i-1 

Events in O-AODV 

 Source Node- Calls the  function Send Request 

 Intermediate Node- Calls the function Recv Request and Recv Reply 

 Destination Node – Calls the function Recv Reply and Send Reply 
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Event Source Node has a packet to the Destination but no route to the destination 

in the route cache 

If (n>1) 
{ 

   Source node Sends Request on all available channels 
} 

Else 
{ 

Source node Sends Request on the available single channel 
} 

endif 
 

Event Intermediate Node receives the Send Request from the source 

If ((D bit is set) && (n>1)) 
{  

Intermediate Nodes forwards the packets on all available channels  
Note down of the common operating channels 

} 
Elseif (Route to Destination is available) 

{ 
Respond to the Route Request with the Reply 

} 
endif 
 

Event Destination Receives the Route Request 

If (n>1) 
{ 

Note down the common channel 
} 
Send reply on all available n channels   
Fill in the E and S bits in the Route Reply packets 

endif 
 

Event Intermediate Receives Route Reply 

Forward the received route reply on available common channels 

Then fill in the E and S bits 

Event Source receives the Route Reply 
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Select the route to the destination 

Metric= (K1 * Bandwidth) + (K                                       ) + (K3 

*                                           ) 

Send Packets on all available channel based on the best path selected. 
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