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ABSTRACT 
 
 

A set of wireless nodes or routers coming together to form a network in which every node 

acts as a router can be defined as a mobile ad hoc network (MANET). Mobility causes a number 

of issues in ad hoc networks. To overcome this, routing protocols using various mobility metrics 

have been suggested. One such protocol is proposed in this thesis, whereby the most commonly 

used ad hoc on-demand distance vector (AODV) routing protocol is modified so that it uses the 

mobility metric “route lifetime” as a routing metric In addition, the route cache timeout or the 

route expiry timeout is set to the value of the route lifetime. To achieve this, the value of the 

route lifetime is calculated and then implemented appropriately in AODV. Simulations in the 

Global Mobile Information System Simulator (GloMoSim), a network protocol simulation 

software that simulates wireless and wired network systems, demonstrate an increase in packet 

delivery ratio and a decrease in mean end-to-end latency, in comparison to the AODV protocol. 

This is achieved with a slight increase in control overhead. 
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CHAPTER 1 
 

INTRODUCTION AND PREVIEW 
 
 

1.1 Ad Hoc Networks 

 The field of wireless communication and networking has experienced considerable 

advances in recent years. In particular, MANETs have become quite popular. Ad hoc is derived 

from Latin, meaning “for this purpose.” Usually ad hoc networks are created on-the-fly for a 

particular one-time purpose. Here, each node in the network acts as a router itself and performs 

network control. Therefore, these networks are easily deployable, unlike infrastructure-based 

networks.  Ad hoc networks are used in the following applications: conferencing, emergency 

services, sensor networking, and intelligent transportation systems. 

 In mobile ad hoc networks, communication is established via peer-to-peer links between 

individual pairs of nodes. The network topology may change rapidly and unpredictably. Nodes 

are free to move randomly and in any direction. If a mobile node is within the transmission range 

of another node, they can communicate with each other directly without any transit node in 

between. Otherwise, nodes must communicate and cooperate with one another to forward data 

packets to their final destinations. This will require the use of packet-routing algorithms in which 

the nodes maintain the route information, and this information must be updated periodically as 

the routes change dynamically.  

 A number of routing algorithms have been proposed for mobile ad hoc networks. 

Traditional routing algorithms cannot be used for ad hoc networks. Routing protocols for mobile 

ad hoc networks are classified as:  proactive or table-driven, reactive or on-demand-driven, and 

hybrid. 
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 Proactive or Table-Driven Protocols:  Proactive routing protocols monitor the topology 

of the network at all times and pre-compute paths between any source and destination. 

Routes are maintained for all nodes, even for nodes to which no data has been sent. This 

is done by periodically exchanging routing tables throughout the network, similar to 

traditional wired networks. An advantage of this routing protocol is that obtaining the 

required route information and establishing a session will not be time-consuming. A 

disadvantage of this routing protocol is that it will react to topology changes even when 

no traffic is affected by that change, which is extremely resource-consuming and will 

result in the unnecessary usage of bandwidth even when no data is transferred. Typical 

routing protocols in this category are as follows:  optimized link state routing (OLSR) 

and destination-sequenced distance-vector (DSDV). 

 Reactive or On-Demand-Driven Protocols:  Reactive routing protocols find a route 

only when there is a demand for data transmission, i.e., at the beginning of a connection. 

A route between two hosts is determined only when there is an explicit need to forward 

packets. This is done by initiating a route discovery within the network by flooding the 

entire network with route request (RREQ) packets. Also, once a route is established, it is 

maintained in the routing table until the destination is out of reach or if the route expires. 

During topology changes, the routing overhead is significantly reduced, since the routing 

information does not have to be updated periodically, and no maintenance is done on 

routes that are not being used. One disadvantage of these protocols is the latency that 

occurs when a route is required. However, for highly mobile networks, these protocols 

show better performance for MANETs. Typical routing protocols in this category are as 

follows: ad hoc on-demand distance vector (AODV) and dynamic source routing (DSR). 
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 Hybrid Protocols:  On-demand routing has relatively less routing overhead, since it 

eliminates periodic flooding of the network with update messages.  But it suffers high 

routing delay when compared to table-driven routing. Table-driven routing ensures high 

quality in static topologies but cannot be extended to mobile networks. Combining the 

advantages of both, a few hybrid routing protocols have been designed, whereby the 

routing is first initiated with some proactive routes and then serves the demand from 

other nodes through reactive flooding. Typical routing protocols in this category are as 

follows: zone routing protocol (ZRP) and temporally ordered routing algorithm (TORA). 

1.2 Problems in Mobile Ad Hoc Networks 

 Ad hoc networks are easy to deploy because they are self-organizing and self-

configurable. Although mobile ad hoc networks have the advantages of being adaptive, robust, 

and scalable, a number of challenges must be considered: 

 Less infrastructure: Unlike networks that have pre-existing network infrastructure, mobile 

ad hoc networks do not have links between nodes, which introduces issues with routing. 

Complex routing techniques must be developed for this purpose. 

 Limited energy: Each node has a limited communication range (transmission power) 

because each node has limited available power.  The processing power of each node must 

be considered, especially because each node acts as an individual router that performs 

network control.  

 Limited security: Security in ad hoc networks is limited. Since mobile ad hoc networks 

are highly dynamic, a security solution that is equivalently dynamic must be designed. 

 Constrained bandwidth:  Nodes need to forward or transmit packets of other nodes as 

well as their own packets, which creates scarce bandwidth. This has been addressed by 
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the research community, and a number of optimal bandwidth utilization techniques have 

been developed. 

 Node mobility: Mobility of the nodes causes frequent link failures, which in turn decrease 

the performance of the network. In wired networks, routing protocols are successful to 

efficiently transmit data between two endpoints because the topology is, by definition, 

fixed. Because all the nodes are stationary, the links are more reliable. However, this is 

not possible in mobile ad hoc networks. 

This thesis concentrates on the issues caused by mobility in ad hoc networks and designs a 

routing protocol to obtain optimal performance throughout the network. Frequent changes in the 

path cause a significant increase in the amount of routing information transmitted, resulting in 

increased network congestion and transmission latency. Whenever a link fails, the route must be 

either repaired or replaced, resulting in consumption of radio bandwidth and battery energy and 

increased routing latency, which will degrade the network performance. In order to reduce these 

factors, a route with the highest probable availability throughout the communication was chosen 

based on path reliability and stability.   

1.3 Link/Path Duration and Their Significance 

 On-demand routing protocols such as AODV and DSR usually pick the first available 

route. Indirectly, this is the route with the least hop count. Even though least hop count implies 

least distance path, this does not mean that that route would be the most reliable route, as proven 

by Yangcheng et al. [1]. Since the nodes are in constant motion, using hop count as a metric is 

not the best choice.  

 Link and path stability are mobility metrics that have been previously analyzed, and it has 

been proven that there exists a relation between link/path stability and link/path lifetime [2]. Link 
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lifetime is the expected amount of time for which the link will be active, i.e., nodes stay within 

the transmission range of each other. Route lifetime or path duration is the time for which all 

links in the route are active. The values of path duration can be calculated as a probability 

distribution function (PDF), which depends on a number of parameters, such as node velocity, 

node density, direction of node movement, transmission range, number of hops, etc. 

 Since the stability of a route is related to its lifetime, it can be calculated based on the 

various factors on which it depends, and this value can be used as an effective routing metric in 

ad hoc networks. The routes with the highest lifetimes will be stored and used for 

communication between two nodes.  

 Mobility metrics in mobile ad hoc networks have been extensively studied in recent 

years. A number of analytical models have been developed for calculating these metrics. Many 

of these models state that these values depend on the mobility model that is being used.  

1.4 Route-Caching 

 Routing protocols for ad hoc networks have the route-cache facility available within 

them. A route is stored in this cache for a certain period of time, beyond which the route is 

removed from the route table. The time period for which a route stays in the routing table of a 

node is called the route expiry time. Caching is particularly important in on-demand routing 

protocols. It is very critical to set a cache timeout value, because the route cache may contain 

stale information about routes that no longer exist. In on-demand routing protocols such as 

AODV and DSR, this is a predefined constant value, which can be neither too large nor too 

small. Defining it too large would result in using stale routing information to transfer data 

packets, thus degrading the network performance, and defining it too small would result in the 

cache information being inefficiently used. 
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1.5 Significance of This Thesis 

 This thesis proposes an enhanced ad hoc routing protocol that takes into consideration the 

lifetime of a route and uses it to improve the performance of the network. It proposes the 

following: 

 Setting the route-cache timeout to the lifetime of the route or path duration.  

 Using the path/route lifetime as a routing metric to choose the route. 

A considerable amount of work has been done to calculate the probability distribution function 

of the route lifetime in an ad hoc network, and a number of models have been proposed, but the 

effect of using this value as a route expiry timeout and as a routing metric in on-demand ad hoc 

routing protocols has never been approached. By making a few reasonable assumptions, 

performance will be compared and analyzed. The on-demand routing protocol that was analyzed 

and modified in this thesis is AODV.  The protocol was then evaluated using the simulation tool 

Global Mobile Information System Simulator (GloMoSim), a network protocol simulation 

software that simulates wireless and wired network systems.   

1.6 Thesis Outline 

 The remainder of this thesis is organized as follows: Chapter 2 presents a literature 

survey on the earlier work related to path duration, mobility metrics, and ad hoc routing 

protocols. Chapter 3 will present the mathematical model that was used to calculate the route 

lifetime, an overview of the AODV routing protocol, and then an algorithm of the changed 

AODV that includes the route cache timeout/route expiry. Chapter 4 presents GloMoSim 

simulation results in which a comparison of the network performance is done using both the 

original AODV and enhanced AODV (EN-AODV). Conclusions and scope of future work will 

be presented in Chapter 5.  
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CHAPTER 2 
 

LITERATURE SURVEY 
 
 

 The motivation for this thesis began with a study of the analysis of the link/path duration. 

Much research and effort has gone into this field. Initially, most of the analyses were based on 

simulations, and later, analytical models for the path/link durations were proposed. This thesis 

was based on one such analytical model. First, previous research in the design of a model to 

calculate the route lifetime is considered, and then, research on the various mobility metrics and 

their implementation on routing protocols are discussed. 

 The effect of mobility on MANETs was initially studied by Sadagopan et al. [3] using 

statistical analysis of simulation data. In this paper, the authors studied the relationship between 

the path/route duration (mobility metrics) and the performance of a protocol across different 

mobility models. They suggested that for moderate- to high-mobility models, the path duration 

PDFs could be approximated to have an exponential distribution, and for small velocities they 

would have multi-modal distributions.  The analytical model in this paper showed the 

relationship between the path/link duration and other parameters such as transmission range, 

velocity of the nodes, etc. Node density was a parameter that was not taken into consideration in 

this analysis. 

 A conditional probability model was designed by Wei and Wei [2] to analyze the 

relationship between the link reliability and the link lifetime. Here, path reliability was calculated 

to be a function of path lifetime. The mathematical model was based on the random-walk 

mobility model. This analysis was the inspiration for using the link lifetime or route lifetime as 

the routing metric, instead of using the first route available or the hop count. 
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 In [4], Han et al. demonstrated that the nature of path duration is exponential and can be 

viewed as a random variable. Using Palm's theorem the exponential behavior was proved. It was 

also proved that the correlation between the excess lifetimes of two neighboring links is very 

weak for the random waypoint (RW) mobility model. The models developed by Sadagopan et al. 

[3] and Han et al. [4] is based on the assumption that the existing routing protocols are based on 

the principle of shortest path. This assumption has also been made in the research described in 

[5].  

 Yangcheng et al. [1] analyzed all the route dynamics for routing protocols with the 

shortest-path-first strategy. Most on-demand routing protocols use the shortest-path-first 

strategy, which was also used in this thesis. The analysis by Yangcheng et al. concentrated on the 

study of route dynamics for proactive routing protocols [1]. Route dynamics, such as route 

duration, depend on the routing protocol being used. It has been analyzed and proven that for 

MANETs with a moderate or high rate of mobility, the route duration is approximated by an 

exponential distribution, while the route duration of specific lengths cannot be approximated. An 

empirical approach was developed to obtain the network statistics of link and route durations, 

including probability density functions and cumulative density functions (CDFs). Improving on 

this, a model for reactive routing protocols was analyzed in this thesis. 

 [6] concentrates on the relationship between link distances and hop count. This paper 

assumes that the relay node is selected based on the principle of least remaining distance (LRD) 

to the destination. An analytical model was developed for a given Euclidean distance between 

nodes, assuming that the LRD forwarding can be approximated to shortest path forwarding. 
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 In the analysis by Srinivasan [7], a mathematical model for the path/route duration was 

developed. This analysis was done assuming that routing protocols in ad hoc networks follow the 

LRD forwarding scheme, which is similar to the shortest path first. This paper concentrated on 

only reactive routing protocols of mobile ad hoc networks. Since node density is an important 

parameter in mobile ad hoc networks, it was included in this analysis. This model supports the 

findings in which the PDF of the path duration is exponential for high speeds and multi-modal 

for speeds lower than 10 m/sec [3]. It also proves that the distribution is exponential when the 

number of hops is greater than 2. In simulations, it was observed that as the number of nodes in a 

network increase, there is an exponential drop in the distribution of path duration. It was 

explained that this was due to “the edge effect.” This unusual behavior needs to be taken into 

consideration while analyzing the distribution. One of the assumptions made was that the node 

locations in the network follow Poisson’s distribution, with node density as the variable 

parameter (). This analysis is the most up-to-date analysis for path duration, and this is the 

model that was considered for this thesis. 

 In [8], Cheng and Heinzelman proposed a long-lifetime routing scheme in MANETS. 

This paper proposes that shortest path is not the most optimal path, if path duration will be taken 

into consideration. Also expanding the route length will not increase the life of the route. The 

authors' proposed that estimation of link life time is essential for finding routes with a longer 

lifetime. An algorithm for implementation of long lifetime route selection was proposed in this 

paper. 

 The analysis by Xu [9] was a major motivation for the second part of this thesis. In on-

demand routing protocols, stale-route cache entries and new-route discoveries cause routing 

delays and excessive overhead. This study proposed a practical route-caching strategy in which 
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the route cache timeout is set to the mobility metric, or expected path residual time. Since this 

strategy is independent of the network traffic load or the path duration distribution that is used, it 

is feasible to implement. This strategy was implemented in the routing protocol DSR. It was 

shown that the end-to-end routing delay and the control overhead was minimized by using path 

duration as a mobility metric. These values were further minimized when the timeout value was 

set to twice the path residual time. 

 In the work of Agarwal et al. [10] a routing selection strategy was proposed, based on the 

residual lifetime assessment of routes in the routing table. In this paper, the authors suggest a 

new route selection mechanism, whereby when a route to a destination is required, the source 

sends out a route request, as would be the case with the AODV. The route request would travel 

until the destination. No intermediate node would reply even if it has the route in the routing 

table. Once the route request reaches the destination, the destination calculates the lifetime, based 

on the affinity between the two nodes, the destination waits until it receives more RREQ’s and 

calculates each of their path durations, and a reply is sent only through the route that has the 

maximum affinity (maximum lifetime). This approach is not good for transmission control 

protocol (TCP) traffic; therefore, the authors have suggested instead the optimal route selection, 

based on the link affinity and the number of hops together. However, in route-lifetime 

assessment-based routing (RABR), the affinity appraisal and optimal route-selection analysis 

constitute calculation of overheads that are not present in other ad hoc routing protocols. There is 

some routing delay as the destination waits to receive all the route requests. Increased overhead 

and delay brings down the performance of the RABR.  The calculation of the route lifetime was 

based on the calculation of affinity, which did not take into consideration the factors that affect 

the path/route lifetime. 
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 Analytical modeling of mobile ad hoc networks is made possible by mobility models. 

Some of the mobility models proposed are random waypoint mobility, reference point group 

(RPG) mobility, free way (FW), and Manhattan. Due to it wide use, the RW model has been 

actively researched. For example, an analysis of a generalized RW model was presented by Yoon 

et al. [11], and it was suggested by Yoon et al. [12] that the RW protocol fails to provide a steady 

state in terms of average speed. An analytical study of the spatial node distribution in the RW 

protocol has been developed, and an exact expression of this distribution was presented by 

Christian et al. [13].  

 A prediction algorithm was designed and an enhanced AODV routing protocol was 

developed by Mani and Petr [14]. The algorithm that was designed includes a proactive behavior 

in case the route fails due to link breakage. The performance of the two protocols was compared 

using NS-2 for various mobility and different types of traffic. This paper assisted in choosing the 

parameters on which the performance can be judged. Similar performance parameters were 

selected in this thesis. 
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CHAPTER 3 
 

ANALYSIS AND DESIGN OF ENHANCED PROTOCOL 
 
 

 Mobile ad hoc networks are dynamic in nature, however at a particular instant of time the 

network can viewed as a static network. It is a known fact that for mobile  networks, on-demand 

routing protocols have better performance characteristics. Route caching is an important event in 

on-demand routing protocols. Route caching helps in reducing the routing overhead and also 

latency in the network. Mobility alters the validity of the cached route in the routing table. 

Because of this, it is necessary to calculate the path or route duration. Calculation of path or 

route duration is particularly important, since the time-to-live (TTL) parameter for routes in “on-

demand” routing protocols [7] can be estimated. As shown in the previous chapter, much 

research and analysis has been done in analyzing and calculating the average path/route duration.  

 In this chapter, the first section will provide details into the functioning of the underlying 

routing protocols. The routing protocol that will be considered here is AODV, because on-

demand routing protocols show much higher and better performance than proactive routing 

protocols, and among the on-demand routing protocols, AODV has always proven to be the best 

for high mobility. Then, the chapter will show the mathematical analysis that was performed to 

calculate the value for the path or route duration. Finally, implementation of this value is shown 

in the proposed algorithm. 

3.1  AODV Routing 

 AODV is a reactive routing protocol. Reactive routing protocols are also called on-

demand routing protocols and follow two major phases: 

 Route set-up phase:  In this phase, as demand arises, a route is set up between the source 

and the destination. Then, the following process takes place: The network is initially 
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flooded with requests for the route; then the request is flooded until the TTL becomes 0; 

after that, the request packet is discarded.  The next stage involves caching a route that is 

set up. The route will be cached for a specified period of time. This is a variable, and its 

value changes based on the protocol being used. 

 Route maintenance: This phase is responsible for maintaining the routes. If the route is 

not available, then an error message will be sent, and all the nodes will be notified. 

3.1.1  Protocol Operation 

 Being a routing protocol, AODV involves route table management and is run based on 

the following route-request/route-reply cycle: 

 When a source node transmits data to a node, the route of which is unknown, it 

broadcasts a route request (RREQ) packet. This request packet will contain the last-

known sequence number for that route. The sequence number ensures loop-free 

networks. 

 Nodes that receive this packet update the route table for the source node address for a 

period of time: REV_ROUTE_TIMEOUT. This request will then be flooded throughout 

the network until it reaches the destination or it reaches a node that has a route to the 

destination. Every node that forwards the request maintains backward pointers indicating 

the reverse route back to the source node. 

 The RREQ packet will contain the Internet protocol (IP) address of the source node, the 

broadcast identification, the IP address of the destination node, the destination sequence 

number, and the latest sequence number for the destination on the source node. 
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 When a node receives a RREQ, if the node either has a route to the destination with a 

sequence number greater than or equal to the sequence number in the RREQ or the node 

is the destination itself, then a route reply (RREP) message is generated. 

 The RREP packet is sent as a unicast transmission to the source. As the RREP traverses 

toward the source, the routing tables of all nodes will be updated for that destination IP 

address. 

 If the node that receives the RREQ does not have a route or is not the destination, then it 

will rebroadcast the RREQ. 

 Nodes maintain a visible table to keep track of the RREQ’s received and their broadcast 

identifications. If an already-processed RREQ is received, then it will be dropped.  

 As soon as the source receives the RREP, it begins to forward traffic to the destination. 

 AODV begins to use the route that is first available to the node. If an RREP received by a 

node has a greater sequence number or an equal sequence number with lesser number of 

hops then, the node will update its routing table with that route.  

 As long as a route is in use, it will remain active. A route will be considered to be active 

as long as there are data packets requesting the use of the route.  

 If a link breaks while a route using that link is active, a route error (RERR) message will 

be generated by the node upstream. This message will propagate through until the source 

node and inform it of the now-unreachable destinations. Route discovery will be 

reinitiated for the destination for the nodes that require the use of that route. 

 When a route is not used for a period of time, the route times out and is deleted from the 

route table. This time period is called the route expiry time (RET) or the lifetime of the 

route. 
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This thesis is based on the calculation and utilization of the lifetime value, i.e., the time for 

which a route is stored in the routing table. According to the AODV request for comments (RFC) 

[15], AODV uses the following fields with each route table entry: 

 Destination IP Address 

 Destination Sequence Number 

 Valid Destination Sequence Number Flag 

 Other state and routing flags (e.g., valid, invalid, repairable, being repaired) 

 Network Interface 

 Hop Count (number of hops needed to reach destination) 

 Next Hop 

 List of Precursors  

 Lifetime (expiration or deletion time of the route) 

The route table has a field for the value of the lifetime of a route or RET. This field is either 

updated to a predetermined value (ACTIVE_ROUTE_TIMEOUT) or uses the value determined 

from the control packets RREQ and RREP.  Every time a route is used to forward a data packet 

or if a node receives a packet, the lifetime field of the route used is updated to be the current time 

plus ACTIVE_ROUTE_TIMEOUT.   

 The examination of two control packets follows: 
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Route Request (RREQ) Message Format 
 
 Figure 3.1 shows a route request 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      |J|R|G|D|U|   Reserved          |   Hop Count   | 

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

|                            RREQ ID                            | 

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

|                    Destination IP Address                     | 

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

|                  Destination Sequence Number                  | 

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

|                    Originator IP Address                      | 

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

|                  Originator Sequence Number                   | 

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

 
Figure 3.1 Route request packet format [15]  

 
 When an RREQ message is received on a node, the RET or lifetime of the reverse route 

entry for the originator IP address is set to be REV_ROUTE_TIMEOUT. 

REV_ROUTE_TIMEOUT = maximum (existing lifetime, minimal lifetime) 
where, 
 

minimal lifetime = (current time + 2*NET_TRAVERSAL_TIME - 2*Hop Count*               
NODE_TRAVERSAL_TIME) 
 
NET_TRAVERSAL_TIME = 2 * NODE_TRAVERSAL_TIME * NET_DIAMETER 
 
NODE_TRAVERSAL_TIME = 40 milliseconds, NET_DIAMETER = 35 

 
The current node uses the reverse route to forward data packets in the same way it does for any 

other route in the routing table. 

Route Reply (RREP) Message Format 

 Figure 3.2 shows a route reply message format. 
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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 3.2 Route reply message format [15] 

 
Lifetime can be defined as the time for which the route is expected to be active. It is usually 

updated to the constant value ACTIVE_ROUTE_TIMEOUT. This value will be updated in the 

lifetime field of the route entry in the routing table.   

3.1.2 Factors Affecting Route Decisions 

 A node decides which route to update in the routing table based on the following two 

values: 

 Destination Sequence Number:   The feature that distinguishes AODV from the other 

ad hoc routing protocols is the use of a destination sequence number for every entry in 

the routing table.  This number is generated by the destination node to be included in the 

routing table. Use of destination sequence numbers ensures no loops are formed in the 

network. A node that requests a route updates the routing table only with a route that has 

a higher destination sequence number. When a node receives an AODV control packet 

from a neighbor, the first step is to check the routing table to determine if an entry exists 

for the destination ip address.  If the route does not exist in the routing table, then an 

entry is created.  The sequence number is determined from the information in the control 

packet. If no information is present then, the valid sequence number field is set to false.  

An entry in the routing table is updated only if  the new sequence number is either higher 
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than the destination sequence number in the routing table, or the sequence numbers are 

equal but the hop count in the control packet plus one is less than the existing hop count 

in the routing table, or the sequence number is unknown. 

 Hop Count:  AODV is designed to select routes that have the shortest hop count metric. 

The first RREP packet that is received with a shorter hop count and a greater sequence 

number will be used by the node, and the route entry to that destination will be updated. 

3.1.3 Drawbacks of AODV Routing 

 The drawbacks of AODV routing are as follows: 

 AODV lacks the support for high-throughput routing metrics.  The hop count decides 

which route will be installed. This metric favors short-living, low-bandwidth links over 

long-living, high-bandwidth links.  

 AODV lacks an efficient route-maintenance technique. During the AODV operation, a 

route that is discovered may not be the optimal route later on. This situation can arise 

because of the mobile and fluctuating characteristics of wireless links.  

 This thesis concentrates on the routing protocol AODV. Hop count is the routing metric 

used in AODV. As explained earlier, if a node receives replies from two different nodes with the 

same destination sequence number or a greater sequence number, then the route with a lower hop 

count is updated. 

 Although hop count seems a natural selection as a metric for routing, due to the mobility 

of the network, it cannot be completely depended upon to obtain optimal performance for the 

protocol. Since the nodes are mobile, the probability for a route to stay alive for a long time is 

very small; therefore, the lifetime of a route is very important when considering the choice of a 

route. 
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3.2 Analysis of Path/Route Duration 

 In this section the research done by Srinivasan [7] is analyzed. An analytical model was 

developed to predict path durations using mobility analysis. An assumption made for the analysis 

was that, due to mobility, the nodes would be randomly positioned and the node location would 

follow Poisson’s distribution, with node density as the parameter  (). Poisson distribution of 

node locations follows directly from assumptions behind the RW mobility model. 

 The parameters considered while designing this model was node density, transmission 

range, number of hops, and velocity of the nodes. The author has taken this model as reference as 

this is the only model that considers node density as a parameter while designing the model. 

3.2.1 Network Model 

 This model refers to the least remaining distance forwarding process as an approximation 

to the shortest path based forwarding. This implies that the relay node chosen among all 

available nodes would be the node with the least distance to the destination. It can be said that 

the least remaining distance forwarding process is similar to the shortest path forwarding process 

as, in the shortest path forwarding process, the route chosen is the route with the least number of 

hops, which is equivalent to choosing a node with a least distance to the destination as a relay 

node. As all current ad hoc routing protocols are based on the shortest path forwarding process, 

this model for prediction of path duration is appropriate and meaningful. 
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3.2.1.1 Link Residual Life  

 Link residual life is defined as the time for which the link would be active between any 

two nodes. This would also mean that the time for which the two nodes are in the transmission 

range of each other. Link residual life can be defined as  

 𝑡 =  
𝑑

𝑣𝑟
 (3.1) 

where, “d” is the distance that the neighbor (relay) node needs to travel to move out of the 

transmission  range of the source node, and vr is the relative velocity between the two nodes in 

consideration. In order to calculate the distribution of the link residual life, the distributions of D 

and Vr must be calculated individually as 

 𝑓𝑇  𝑡 =    𝑓𝑑 𝑑  𝑑=𝑣𝑟 𝑡

𝑣𝑚𝑎𝑥

0

  
𝑣𝑟

 4𝑣2 −  𝑣𝑟
2

 
1

𝜋
 𝑑𝑣𝑟  (3.2) 

In this analysis, the neighbors that do not fall in the path toward the destination are ignored, and 

only those nodes that are on the path to destination are considered. 

3.2.1.2 Link Distance 

 Link distance is dependent on the way the underlying protocol runs. Since on demand 

routing protocols such as AODV are based on the shortest path forwarding, link distance can be 

calculated in the same fashion. Shortest path first is approximated as the LRD forwarding 

process by selecting a relay node with the least distance to the destination. The PDF for the path 

duration (Tpath ) is derived in the following section. 

3.2.1.3 Average Path Duration Versus Number of Nodes  

 As shortest path forwarding looks for routes with least number of hops, the route chosen 

would include nodes that are at a farther distance from the source node. This implies that the 

relay node chosen would be at the circumference of the transmission range of the source node. 
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Once a route is chosen, it is impossible to predict the direction of the movement of the nodes. It 

is very likely that the relay node chose would move in the opposite direction of the source node, 

leading to the node moving out of the transmission range of the source node. The distance that 

the node would move to go out of the range would depend on the density of the nodes. For a low 

density network, that distance would be high when compared to networks with high densities. 

This behavior is called as “the edge effect ". It has been seen that the edge effect causes high 

number of path breakages in very high node density networks. Hence, the consideration of the 

node density is essential in the analysis of the path duration. 

Assumptions: 

 nodes are randomly positioned and mobile. 

 node locations follow Poisson’s distribution, with node density as the parameter ( ). 

 The PDF for path residual life is derived from the PDF’s of the individual links residual 

life. Assuming that the number of hops needed in a route is 'h', then tpath can be written as tpath = 

min(t1; t2; t3::::th), where ti represents the link residual life corresponding to the ith link.  

The PDF of path duration is derived to be, 

 

𝑓𝑇𝑝𝑎𝑡 ℎ
 𝑇𝑝𝑎𝑡 ℎ = ℎ    𝑓𝐷 𝑑  𝑑=𝑣𝑟 𝑡  

𝑣𝑟

 4𝑣2 − 𝑣𝑟
2 

1

𝜋
 𝑑𝑣𝑟

𝑣𝑚𝑎𝑥

0

  1

−      𝑓𝐷 𝑑  𝑑=𝑣𝑟 𝑡

𝑣𝑚𝑎𝑥

0

  
𝑣𝑟

 4𝑣2 −  𝑣𝑟
2

 
1

𝜋
 𝑑𝑣𝑟 𝑑𝑡𝑝𝑎𝑡 ℎ

𝑡𝑝𝑎𝑡 ℎ

0
 

ℎ−1

 

(3.3) 

It can then be stated that the average path duration is [7] 

 𝐸 𝑇𝑝𝑎𝑡 ℎ =   𝑡𝑝𝑎𝑡 ℎ𝑓𝑇𝑝𝑎𝑡 ℎ   𝑡𝑝𝑎𝑡 ℎ  𝑑𝑡𝑝𝑎𝑡 ℎ

∞

0

 (3.4) 

 This model was further analyzed using simulation and it was proved that the average path 

duration in a MANET is analytically predictable. Prediction of average-path duration can prove 
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to be very helpful and can be used as a parameter to optimize the functionalities of any ad hoc 

routing protocol. The impact of mobility on the network was also studied in this analysis and the 

need for the routing protocol to be equipped with the functionality of choosing paths with longer 

life was stressed on. 

 In this thesis, the author implements the above model by modifying an existing routing 

protocol and studies the effect of this implementation on certain network parameters. AODV was 

chosen, as it is the most widely used ad hoc routing protocol. 

3.3 Proposed Model         

 In this thesis, AODV was modified to obtain optimal performance. Two changes were 

proposed:  

 Using the RET as a metric while choosing a route. 

 Calculating the RET/lifetime for every route, and storing it in the routing table for that 

period of time. 

 Considerable research has been done in the field of calculating the route/path lifetime in 

mobile ad hoc networks. However, studying the inclusion of this factor as a routing metric in the 

routing protocol is an area that has yet to be explored. The fact that no previous knowledge of the 

positions of the nodes is known implies that the nodes can move randomly. In this scenario, the 

analysis used by Srinivasan [7] will be appropriate as the mobility model, considering that there 

is an RW protocol. The analysis by Srinivasan enables a specific value of the path duration to be 

determined in seconds, based on a number of factors. Knowledge of this value can be 

implemented in the underlying routing protocol.  Instead of initializing the route expiry timeout 

of a route entry in the routing table as ACTIVE_ROUTE_TIMEOUT, which is a constant, that 

value can be calculated for every route on every node. This must be done at the node level.  
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Before sending the RREP packet with the lifetime value in it, the lifetime should be calculated 

based on the calculations mentioned by Srinivasan [7] at each node, and the value should be set 

in the lifetime field of the RREP. When the originating node receives the RREP, it compares the 

destination sequence number. If no route is present, a route entry will be made with the lifetime 

value as the route expiry time. If it is equal to the current entry, then the lifetimes will be 

compared, and if the RREP has a longer lifetime, then that route will be considered and entered 

in the routing table. Also, the route remains in the routing table for a period of the lifetime. 

 In summary, the proposed protocol consists of the path duration calculation, route setup, 

and route maintenance routines. 

3.3.1 Path Duration Calculation  

 This calculation is done at every node. The probability distribution developed in the 

second section assists in calculating this value, which is then inserted into the lifetime field of the 

control packet of AODV (RREP) and the route table entry. 

3.3.2 Route Setup 

 This phase consists of route request and route reply. When a source needs to 

communicate with the destination and the source does not have a route to the destination, then a 

route request is broadcasted.   

 When a node receives an RREQ from a neighboring node, the following procedures take 

place: 

 If the route request is new or if the sequence number of the request is greater than the 

existing sequence number, then the node calculates the path duration to the source that 

generated the RREQ and makes an entry in the precursor list or neighbor table and also 

updates the field of lifetime in the RREQ packet.  
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 If the node is not the destination, then the packet is forwarded to its neighbors. 

 If the sequence number of the request is less than or equal to the existing value,  implying 

that the node is either the destination or has a route to the destination, then again, the 

node calculates the path duration to the source that generated the RREQ and makes an 

entry in  the precursor list or neighbor table. Also, an RREP is generated and forwarded 

to the source node with the lifetime value updated with the value calculated as “1” hop.  

When a node receives an RREP, the following take place: 

 If the node receives an RREP, then a route entry to the source of the RREP is created 

along with the lifetime value taken from the RREP packet. The hop count is then 

incremented, the path duration is calculated, and the lifetime field of the RREP is updated 

and sent to the next hop.  

 If the node is the source, then the route entry is updated with the lifetime in the RREP 

packets and the data is sent forth. 

3.3.3 Route Maintenance 

 Since the route expiry time is set as the expected path/route duration, once there is a 

timeout, an RERR message is generated.  If there are buffered data packets, then an RREQ will 

be generated, and a new route will be sought. This introduces a hint of pro-activity in the routing 

protocol. 

 This algorithm was constructed using the foundations of AODV, which is currently the 

most suited protocol for mobile ad hoc networks. Analysis and comparisons were studied 

between AODV and the suggested protocol. 
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CHAPTER 4 
 

EVALUATION 
 
 

4.1 Introduction 

 In this chapter, the performance metrics of AODV and the enhanced AODV are 

compared using simulations. The simulations were done on the Global Mobile Information 

System Simulator.  A number of experiments were performed by changing the mobility in order 

to test and compare the performance of these two routing protocols. Multiple simulations were 

run to increase the credibility of the results. 

4.2 Simulator Choice 

 Among the NS2, OPNET, and GloMoSim simulation tools, GloMoSim was chosen for 

the simulations in this thesis because it supports simulations of large-scale network models. 

Also, GloMoSim supports the parallel execution of processes.  

4.2.1 GloMoSim 

 GloMoSim simulation software was developed using PARSEC in UCLAs Parallel 

Computing Laboratory. It is a scalable simulation environment for large wireless and wire line 

communication networks [17]. GloMoSim supports parallel execution by using a parallel 

discrete-event simulation capability provided by Parsec. GloMoSim has the capacity to simulate 

networks with up to a thousand nodes and supports multicast, asymmetric communications using 

direct satellite broadcasts, multi-hop wireless communications using ad hoc networking, and 

traditional Internet protocols.  

 GloMoSim supports the following ad hoc routing protocols: AODV, DSR, WRP, and 

ZRP. The following Mac protocols that are supported by GloMoSim are the following: 802.11, 

CSMA, MACA, and TSMA. GloMoSim also has support for the random waypoint mobility 
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model. Also, tools are provided for generating different types of data traffic. The simplicity of 

GloMoSim is that the entire code is in C language and is very easy to understand and modify. 

GloMoSim was chosen over other simulation tools because of its simplicity and because it 

satisfied all of the requirements for comparing the two protocols.  

4.3 Simulation Environment 

 The version of GloMoSim used in this thesis was GloMoSim 2.03, run on a Linux 

platform.  The following configuration parameters were set: 

TERRAIN-DIMENSIONS  (1000, 1000) 

NODE-PLACEMENT RANDOM 

MOBILITY RANDOM-WAYPOINT 

MAC-PROTOCOL 802.11 

NETWORK-PROTOCOL IP 

ROUTING-PROTOCOL AODV 

TRANSMISSION RANGE 250 meters 

For the simulation, constant bit rate (CBR) traffic was taken into consideration.  

4.3.1 Variation in Mobility  

 The RW model has two degrees of mobility:  maximum velocity and pause time. 

Simulations were carried out by varying the pause time at 0, 250, 500, 1000, 1500, and 2000 

seconds.  For the RW mobility model, the default value for the pause time was 0 seconds. 

4.3.2 Variation in Communication Pattern 

  For simulations with the RW model, mean packet inter-arrival time was varied by 0.5, 

1.0, and 2.0 seconds. The default value for the mean packet inter-arrival time was 1.0 seconds. 

4.4 Performance Metrics 
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 Using GloMoSim-2.03 on a Linux platform, simulations were run for both AODV and 

the enhanced AODV, and the following performance metrics were compared: 

 Mean end-to-end packet latency, defined as the time elapsed from the moment a packet 

leaves the source to the time the packet is received at the destination. 

 Packet delivery ratio (PDR), the total number of packets delivered to the destination to 

the total number of data packets generated. 

 Throughput, the number of packets delivered per unit time. 

 Control bits transmitted per data bit transmitted, defined as the ratio of the total control 

overhead (RREQ, RREP, RERR) in bits to the total data bits transmitted successfully, 

also called the “control overhead fraction” [14]. 

 Average number of hops, defined as the average number of hops traversed by all 

successfully delivered packets. 

4.5 Simulation Results 

 Figure 4.1 shows the variation of mean end-to-end latency. It can be clearly seen that the 

enhanced AODV portrays low mean end-to-end latency performance compared to AODV. The 

reduction in mean packet latency is mainly due to the proactive behavior induced in EN-AODV. 

The proactive behavior reduces the delay of route discovery, thereby reducing latency at the 

instant of link breakage. Note that the success of pro-activity in EN-AODV mainly depends on 

the accuracy in predicting the prediction algorithm. 

 The behavior of the curve in Figure 4.1 needs an explanation. The trend here is that the 

mean end-to-end latency is lowest for a pause time of 0 seconds (which signifies least network 

stability), highest for a pause time of 150 seconds, and reduces after that. This strange trend in 

the curve can be attributed to the fact that since the simulation area is large, the degree of 
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network partitioning in the mobility patterns chosen for the RW model is quite high [14]. Higher 

mobility is achieved by decreasing pause time.  For a given velocity, as pause time increases, it 

takes longer for the nodes to move closer to each other to form new links. As a result, although 

there will be an increase in the average link lifetime due to prolonged immobility, the network 

remains partitioned for longer periods of time, hence increasing the end-to-end delay. This 

explains the increase in latency. 

 
 

Figure 4.1 End-to-end delay versus pause time (CBR traffic) 
 

 
 After a certain pause time, it can be seen that the end-to-end delay decreases. This can be 

attributed to the fact that beyond 150 seconds, packets are either delivered quickly (due to longer 

lifetimes) or packets are timed out and dropped (due to higher network partitions).  On the 

whole, a decrease in the latency is seen. 

 For the reasons explained above, and as shown in Figure 4.2, it can be seen that EN-

AODV outperforms AODV. As the inter-arrival time increases, there will be a significant 

decrease in the queuing delay.  
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Figure 4.2 Mean end-to-end delay versus mean packet inter-arrival time (CBR traffic) 

 
 Taking a look at the curves for the PDR, Figure 4.3 shows a slightly better ratio for EN-

AODV. Again, this can be attributed to the proactivity of the protocol. It is known that for 

static/wired networks, proactive routing protocols provide the best performance results. As 

mobility is reduced in the network, the proactive behavior increases the PDR in comparison to 

AODV. However, as the pause time increases, the graphs of AODV and EN-AODV are the 

same. 

 Figure 4.4 shows that EN-AODV performs almost as well as AODV, by varying the 

communication pattern alone. This is because, with the change in only the communication, the 

number of control packets generated in EN-AODV is not much different from AODV. The ratio 

of control packets to the total number of packets is higher under frequent link breakage.  Also, 

there is reduced packet delivery at higher generation rates due to collisions at the MAC layer. 
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Figure 4.3 Packet delivery ratio versus pause time (CBR traffic) 
 
 

 

Figure 4.4 Packet delivery ration versus mean inter-arrival ratio (CBR Traffic) 

 
 Figure 4.5 shows the variation in control overhead fraction with respect to varying 

conditions of mobility pattern. AODV seems to slightly outperform EN-AODV with respect to 

control overhead fraction. The increased control overhead fraction in EN-AODV can be 

attributed to the unwanted pro-active route discoveries in EN-AODV. By observing the trend 
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shown in the graphs, it can be argued that increased mobility will imply increased rate of 

topological changes, thereby increasing the number of control bits per data bits. 

 

Figure 4.5 Control overhead fraction versus pause time (CBR traffic) 

 In Figure 4.6, for the duration of a lifetime of a route, the rate of packets delivered is 

higher in the case of a higher source-generation rate. Here, the reduced control overhead fraction 

is reduced for higher generation rates. But there is no relation between the control fraction 

overhead and the generation rate, since it can be seen that at higher generation rates, the packet 

delivery ratio is lower due to collisions in the MAC layer. 

 Figure 4.7 shows the variation in the average number of hops traversed as mobility and 

load are varied. Here, AODV seems to offer routes with fewer numbers of hops to packets than 

EN-AODV. This is because AODV routes packets using the best available route (in terms of hop 

count), whereas EN-AODV routes packets using the route with the highest lifetime. It is 

important to note that in spite of the increase in hop count in EN-AODV, a significant 

improvement in network performance is achieved. 
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Figure 4.6 Control overhead fraction versus mean packet inter-arrival time 

 
 

  

 

Figure 4.7 Average number of hops versus pause time (CBR traffic) 
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 It is known that at higher source rates, a higher number of packets are transmitted using 

any existing route. However, at higher source rates, the probability of packet collisions at the 

MAC layer increases with increasing hop count. This behavior is shown in Figure 4.8. 

 

 
 

Figure 4.8 Average number of hops versus means inter-arrival time (CBR traffic) 
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CHAPTER 5 
 

CONCLUSIONS AND FUTURE WORK 
 
 
5.1 Summary of Research 

 An analytical model was chosen that would estimate the lifetime of a route. This model 

takes into consideration transmission range, node velocity, number of hops, and node 

density. 

 An enhanced AODV was derived from AODV by suitably modifying the route cache 

timeout value and the routing metrics used in AODV. 

 EN-AODV was implemented in the GloMoSim simulator using the 802.11 at the MAC 

layer. 

 The behavior of EN-AODV was characterized with CBR traffic, and the performances of 

EN-AODV and AODV were compared with CBR traffic sources. 

5.2 Conclusions 

 From the results of the simulations, it can be concluded that for CBR traffic, enhanced 

AODV is more beneficial at higher mobility scenarios. EN-AODV experiences slightly higher 

control overhead than AODV.  But the improvement in the packet delivery ratio, the mean end-

to-end delay, and the throughput outweigh the potential disadvantages of increased control 

overhead. 

5.3 Future Work 

 One avenue for future research would be to test the EN-AODV rigorously against more 

parameters and for various types of traffic. Behavior of the transmission control protocol would 

also be an interesting area of research. Further changes would have to be made to make this 

protocol most suitable for high-speed airborne networks. One way of achieving this would be to 
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use the technology of cross-layer interaction between various protocol layers. Further study in 

this direction would be very useful. 
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