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Abstract 

 

Enormous developing electronic technology has brought telecommunication to the sky 

inspiring popularity. Wireless Network (WN) technology will be emerging so far human. 

Presently users give the impression loving be connected all the time (everywhere) to the 

network or Internet through diverse access system, e.g., Universal Mobile 

Telecommunications System, Mobile Ad-hoc Network (MANET) [9] and Worldwide 

Interoperability for Microwave Access [30]. In telecommunication; MANET is considered as 

self-configured unlike nodes creating infrastructure-less network connected by means of WN, 

as nodes can exchange data packets without a central control [18]. Choosing beyond line of 

sight (BLOS) communication, MANET can be an intelligent selection, which is flexible for 

using and cost saving. However, to maintain quality of service (QoS), more or less challenges 

still have to be resolved [18]. Multimedia as well as VoIP (Voice over Internet Protocol) 

gaining more popularity as the internet world favored by the huge use of WN (access 

technologies) [20]. To maintain persistent services in different MANET situation unlike 

routing protocols (RP) are employed. In this thesis known (MANET) routing protocols OLSR 

(Optimized Link State Routing) [20], DSR (Dynamic Source Routing) [30] and TORA 

(Temporally Ordered Routing Algorithm) [14] have been considered for voice traffic as they 

maintaining dissimilar characteristics in the dissimilar situations as WN factors (like; 

bandwidth, signal strength, network traffic or load, network size) influencing the voice 

quality [9]. This thesis work focusing on the impact of node mobility influencing voice 

quality in unlike RPs in MANET. To decide the best suit RP in the MANET, the OPNET 

(Optimized Network Engineering Tool) Simulator 16.0 has been brought into play. OLSR is 

proposed to be best fitting RP for MANETs running VoIP appliance. 

 

Keywords: MANET, Routing Protocols, TORA, OLSR, VoIP, DSR and OPNET. 
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Chapter 1 

Introduction 

 

Massive potential electronic technologies developments in last decades bringing WN 

dominate in the telecommunication field, as everyday life getting more dynamic than ever. 

Text SMS, voice communication, remote access to job via internet or real time multimedia/ 

video conferencing look like part of daily life nowadays [29]. Mobile Ad-hoc Network 

(MANET) is playing a great role in modern WNs. Daily using laptops, mobile (electronic) 

devices and IEEE 802.11x (Wi-Fi) brining MANET at a trend research issue since 1990s [42]. 

 

1.1 Aims and objective 

 

The aim of this thesis work is concerning through investigation over MANETs RP’s 

performance characteristics; e.g., how they act at the same time as node speed (velocity) and 

traffic (in the network) increases. By working on this thesis for mobility concern, 

investigating the performance of different routing algorithms like TORA, DSR, and OLSR 

using computer simulation (OPNET) tools and discussing as how unlike model networks 

could be designed. The other aim of this thesis is to make new possibility for future research 

or investigation by the different MANET routing algorithms. The summary of common 

procedure of the thesis work has given below: 

 

• Recommend an application as collective way for qualitative research (investigation),  

so the thesis work can run on appropriate track (direction).  

• Literature suggestions for different RPs (TORA, OLSR and DSR) of voice traffic in  

MANET and literary arguments of unlike parameters of voice quality for WNs.  

• Designing MANETs in OPNET (Modeler 16.0) intended for simulation as unlike              

RP’s dealing when 40 mobile (active) nodes taking part at the designed network for 

voice communication. 

• Observing RPs simulating scenarios in dissimilar network volume and nodes speed 

intended for performance metrics and evaluate the results. 

• Configure (setup) the model network (for simulation) intended for intensely learning 

use of OPNET (Modeler 16.0 unlike) tools. 
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• Evaluate the RPs collective performance over the voice quality, analyzing the 

outcomes of RPs in the simulation scenarios and creating potential future research. 

 

 

1.2 Research questions 

 

The key questions about this thesis work are: 

Q1. What is the impact on the throughput with changeable nodes in network? 

Q2. What is the impact on the throughput with varying nodes mobility (speed)? 

Q3. Which RP (among OLSR, TORA and DSR) is best to provide voice service in MANET? 

 

 

1.3 Scope of the thesis 

 

 
In 2010 a thesis had been conducted in the School of Computing (at BTH) named 

“Simulation based performance evaluation of RPs and TCP variants in MANET” [46]. They 

were focusing on the obtainable (present) TCP variants (e.g. SACK, New Reno, Reno) for 

reliable data transmission (e.g. downloading, uploading) over Internet relating to HTTP and 

FTP. They never worked on voice data (voice traffic and voice quality). This thesis work is 

the extension of the earlier thesis, focusing on how various RPs performance can effect over 

voice quality while user’s mobility changing by random speed. It’s also dealing with RP’s 

actions presenting the graphical consequences screening to their (RPs) performance, for QoS 

concerning VoIP, but not going to present any deep discussion regarding the VoIP’s (internal) 

problems. In this thesis work, RP’s performance has been evaluated (analyzed) for voice 

quality (i.e. performance metrics) and experimented data outcomes can help researchers too 

for supplementary technological development about MANET RPs. 
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1.4 Thesis structure 

 
The thesis report has been planned as; 

 

Chapter 1; is the introduction, focusing on aims and objectives, three key research questions 

and scope of the proposal. 

 

Chapter 2 is background of the work and focusing on related work, research methodology, 

motivation and main contribution. 

 

Chapter 3 is literature wireless network and focus on different types of WN, infrastructure 

and ad-hoc network, mobile ad-hoc network and examples of MANET applications. 

 

Chapter 4 is concerning the voice literature, voice quality, VoIP quality metrics and 

significance of measuring voice quality. 

 

Chapter 5 is the discussion regarding the unlike RPs for involving MANETs, focusing on 

OLSR, TORA and DSR and their collective natures. 

 

Chapter 6 is the network designing steps and implementation (setup), focused on aspects 

relating to the assessment platform, performance metrics, model network design, and network 

design parameters which are used to evaluate the performance of the RPs and the voice 

quality metrics. 

 

Chapter 7 is the simulation results obtained from the experiments in OPNET, as designed in 

the earlier chapter 6 and discussion on the obtained research outcome. 

 

Chapter 8 is the conclusion of the thesis, finding the answers of research questions, summary 

of analysis and for the discussion of future research work in MANET. 
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Chapter 2 

Background and Related Work 

 

Mobile Ad hoc Networks (MANETs) can be called integral part of modern WN [14]. Use of 

IEEE 802.11x (Wi-Fi), growing dramatically in real life as researches. VoIP is privileged by 

the considerable consumption of wireless access technologies for telecommunication [25]. 

The users loving WN be ubiquitous to access the Internet (online facilities) or get connected 

to the local network to exchange data (information). MANET can be a perfect possibility 

regarding this issue due to its easier and inexpensive setup, with a possibility of adding new 

nodes (devices) to the network at no or lower cost [9]. 

 

2.1 Background 
 

MANET can be formed as mobile nodes configure (reach) each other via link of WN [46]. 

Nodes can communicate (share information) without a central infrastructure (control) and 

most are mobile (with varying speed) hence the network topology keeps changing [18]. How 

these nodes can communicate through WN can be big question. To make certain the 

communications among the active nodes, RPs must be introduced as to find pathway(s) 

should be followed by data packets as from source to destination [30]. As RPs are well 

thought-out a principle or standards which controls how nodes communicate in the way to 

routing packets (e.g. using multi-hops) connecting mobile nodes (devices) in MANETs [3]. 

Communication’s formalizing agreement in the middle of nodes is essential for the overall 

good quality performance of MANET. In present time a variety of MANET RPs have been 

recognized e.g., Dynamic Source Routing (DSR) [30], temporary ordered routing algorithm 

(TORA) [14] and Optimized Link State Routing (OLSR) [20]. 

 

The job of RP is to establishing the optimal (correct), straight and most efficient route 

connecting pair of nodes [46]. However, each and every one of RPs have different internal 

architectural character following individual flowchart and algorithm developed perform well 

in particular circumstances; hence parameters like signal power, bandwidth, network’s traffic 

load, mobile device’s speed and MANET’s size are the key grounds for voice quality ruining 

in the WN [9] as affecting the performance of RPs, as does real-time traffic e.g., VoIP oblige 

comprehensive research. Factors such as node’s high random speed and high traffic in the 
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network do affect the performance of RPs in terms voice quality in MANET [10]. Moreover, 

MANET’s real-time applications (such as VoIP) increasing with WNs; but it has complicated 

concern to selecting (identifying) the most excellent RP that fits best for VoIP traffic (e.g., 

QoS). 

 

 

2.2 Motivation and Main Contribution 

 
During previous decade, MANETs have established momentous focus over WN study [46]. 

Rapid using MANETs are capable of upholding QoS technique as sticking together mobile 

nodes (devices) [22]. By time goes, these (MANETs) technology becoming progressively 

more trendy appropriate to its prospective appliance in unlike condition (domains) e.g., such 

WN (MANET) can be a useful solution for rescue action, if there is not plenty time or supply 

to arrange a wired (predictable) network [30]. MANETs can furthermore be very useful in 

military action e.g., the units are stirring about the combat zone in an arbitrary way and a 

central unit may not be useful for management [1] in this situation whereas MANET can be 

very useful (example Figure 2.1). 

 

 
 

Figure 2.1 MANET Applications in Military Operations [10]. 

 

Selection for BLOS, MANET is renowned as promising system for enhanced communication 

and studies to increase MANET’s functionality are matter to resolve [20]. Investigations 

(researches) taking place to select appropriate RPs for unlike MANET situations. Three 

categories RP i.e., reactive protocol DSR, proactive RP OLSR and hybrid RP TORA have 

been taken in consideration for experiment in this thesis owing to their entity nature together 

with on demand route discovery, cyclic announcement at hop-by-hope and source routing 

also [10]. In practically, until that time no research work dynamically has been prepared 
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focusing on the realistic MANET performance. So far studied, this realistic performance 

analysis over VoIP in unlike MANET scenarios for three dissimilar RPs investigations is the 

first time. RP’s actions are evaluated, intended for unlike networks (scenarios) used for 

suitable voice quality. Voice quality metrics (e.g., throughput, jitter and end to end (E2E) 

delay’s) outcomes have been measured over unlike network size and dissimilar arbitrary node 

velocity intended for unlike categories RP’s performance study. 

 

This research further inspects the RP’s performance for voice quality under a variety of 

MANETs. E2E delay, throughput, packet loss and jitter are considered as key performance 

metrics [46]. In the thesis, a number of important system parameters such as network size and 

node mobility (velocity) are used into consideration. Important system parameters, unlike 

MANET volume and node mobility (speed) are considered in measurement for realistic 

MANET outcomes which influencing the voice quality. 

 

Optimized Network Engineering Tool (OPNET) [6] version 16.0 has been successfully used 

which is a well checked simulation tool broadly used worldwide [46]. It has plenty of library 

functions, designing (model simulation) MANET, configuration setup, simulation tools and 

features working efficiently made to choose OPNET rather than Operation and Maintenance 

New Equipment Training (OMNET) [39] and Network Simulator 2 (NS2) [21]. 

 

2.3 Research Methodology 

 
This section explains the main points related to the methodology of conducting this research. 

Subsequent to deciding the domain of thesis work, eventually being with performance in 

observing over voice quality for the random mobility in MANET. Beginning stages of this 

thesis work obligatorily needed deciding the tactic to use for experiment, determine and 

evaluate method as procedures subject to work over the proposed and desired thesis work. 

Conducting this research work, several techniques have been taken on hand intended to give 

explanation for the method of studies. After technological consideration, objective based 

simulation has been picked up for the appropriate technique of study for this thesis. OPNET 

has been chosen as the tool for MANET’s simulation study and simulation outcomes have 

been considered in two perspectives like varying traffic load and varying mobility (speed). 

Two unlike speed (10 m/s and 80 m/s) have been executed over 6, 10, 20 and 40 nodes in the 

designed model MANETs. 
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2.3.1 Justification of Research Methodology 
 

Investigational capability is considered to be as an efficient approach to collect graphical and 

numerous values for realistic system by collecting practically precise outcomes attain from 

the investigation. Lately mentioned in the straightforward stage of simulation perception 

doesn’t presenting a absolute justification of RPs actions as compared in real experiment [42]. 

Conversely, it is an impressive way to conduct the experimental measurement of MANET in 

real life scenario, because, generally high cost and multifaceted character of MANETs. 

Investigative modeling is based on numerical calculations and investigation, used to 

approximation of the performance over an emerging appliance. Analytical investigation is 

usually an idle way of formulating innovative RPs, separately from its inability in presenting 

the dynamics of voice communication in the MANET [11]. Dissimilar from the analytical 

approach, computer (OPNET) simulation has been conducted through only fewer 

assumptions, to behave as good quality as a real life scheme. As most researchers, users, 

engineers advocate this methodology, as it has been widely used as an effective method to 

optimize the MANET infrastructures. Intended to widely used simulation software tools, 

flexibility is a huge subject in the model design as cost is minimizing [30]. With regard to 

MANET, computer simulation seems like solution way over analytical modeling and 

experimental capacity [46]. As Specified methods of validating a simulation model, taking 

place of equipped graphics, parameter validation, comparison, historical and event data 

validation to compare with simulation findings for  proving its probability [33]. In 

accumulation, simulation methodology performs significant roll in eliminating the selection 

complexity issues of RPs, exception from providing additional flexibility in model 

development, validation and performance evaluation. Again, a procedure to realize the PC 

simulation is implemented to conduct the proposed thesis. The impact of RPs on MANET 

performance has been examined using OPNET Simulator 16.0 intended to evaluate best 

outcomes of research questions. 

 

2.3.2 Investigation of Framework 
 

This section outlines step-by-step actions needed to accomplish the performance evaluation 

of RPs. At the outset, the key factors persuade MANET performance (step 1) is identified by 

taking help from existing IEEE papers, internet and books. Step 2 is related to resolve of the 

protocols utilized at transport layer as at application layer. And step 3 specifies the validation 
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of performance metric’s thresholds. First three steps are closely interrelated at a preliminary 

step. Subsequently to this, a detailed study of the existing literature associated with the 

present area of investigate has been conducted. 

 

Upon successful completion of literature review, certain experiments and simulations are 

performed as produce the dissimilar type of statistical data for experiment. Resulting a 

recursive procedure like MANET modeling must be in part to the next step (step 4) needing 

cautious “assumption and validation” [12]. Form pointing this thesis study, the MANETs are 

designed on the workspace of the OPNET with different network unit, where different 

network entities are configuring to support the offered make use of services and consequently 

to control the mobile nodes in the network. Step 5 dealing on performance estimation as 

multiple experiments are conducted for different RPs to investigate the performance. 

 

 

However, as varying network-size and node-speed independently, quantitative data like 

throughput, E2E delay has been acquired in the step 6. Finally, the step 7 including validation 

of the experiment; here the simulation results are shown in different statistical graphs and 

motivation of simulation outcomes. 

 

2.4 Related Work 

 
In fact DSR, OLSR, and TORA have dissimilar properties, and their behaviors are also 

different from one network background to another. It has become compulsory to simulate 

these protocols in an ideal background to examine how they perform in an exacting network. 

A huge number of researches have been carried out through individual RPs. 

 

The RPs performance among DSR, OLSR and TORA are investigated with fixed number [23] 

of nodes and with low to high network (traffic) congestion, and in this thesis work OLSR is 

the most favorite proactive RP in MANETs for VoIP. With same procedure, DSR and TORA 

RPs are compared in where DSR has been selected as a preferable protocol than TORA [9]. 

However, the research involves an analysis among OLSR, TORA and DSR with different 

network size that investigated the scalability of the protocols [29]. Though, the research does 

not employ the congestion control mechanisms. Simulation presents the scalability of the 

protocols by employing heavy load of traffic for Voice. 
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Chapter 3  

Wireless Network 

 

This chapter focuses on dissimilar types of WNs, infrastructure networks, ad hoc networks 

and movable ad hoc networks. 

 

 

3.1 Wireless network types 
 

A network that exchanging data from one source point to a different objective point with 

cable or wire is called wired network. The data exchanging over a wireless medium from one 

device to a different device is called wireless network (WN) [42]. In WN data is transmitted 

from source point to a different Rx point through wireless links. Communicating devices 

have to be in the broadcast (or radio) range of each other. Wireless networks are categorized 

into two core groups such as infrastructure wireless network and Ad hoc (infrastructure less) 

network [42]. 

 

Variety of wireless net: 

• Wireless Wide Area Network (WWAN). 

• Wireless Metropolitan Area Network (WMAN). 

• Wireless Personal Area Network (WPAN). 

• Wireless Local Area Network (WLAN). 

• Mobile devices [42]. 

 

 

3.2 Infrastructure Networks 

 

Fixed network topology is set out for infrastructure network. All the base stations (access 

points) are connected with the main network through wired links (or wireless links). The base 

station (access point) is very important unit of infrastructure network [42]. 
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3.3 Ad hoc Networks 

 
Ad hoc network is set up where wireless network infrastructure is not possible. This kind of 

ad hoc network can be called infrastructure less network (ad hoc network). Ad hoc network 

each node is connected through wireless links [46].  

 

These nodes get connected to each other and also can act as a router, by forward data to other 

wireless nodes. There is no limitation on these nodes to join or leave the network as well. 

Thus the network has no vital structure. Ad hoc networks have two basic forms; one is so 

static ad hoc networks (SANET), the other is so called mobile ad hoc network (MANET). 

Profitable implementation of ad hoc network becomes possible due to the development of 

new technology such as 802.11 [10].  

 

The major reason to use this kind of network is the flexibility and cost saving. MANET is a 

suitable network for crisis and observation use. With all these qualities, ad hoc network 

operation is very difficult to handle. Each and every node is responsible for its operation to 

maintain its routing table and also forwarding packets to its neighbors as routers. MANET 

has a dissimilar topology alter while set up, that’s why it needs an efficient and consistent RP. 

The bringing together of an efficient and reliable RP is hard and tiresome task [46]. 

 

3.4 Mobile Ad hoc Networks 

 
An ad hoc network is a WN, that doesn’t have central and fixed infrastructure. MANET is 

considered as a wireless ad hoc network in which nodes are free to be in motion arbitrarily 

and mobile nodes can exchange (transmit and receive) the traffic. Again, mobile nodes can 

act like routes by forwarding the neighbors traffic to the target node as the routers are multi 

hop devices [10].  

 

MANET doesn’t want base stations of wired infrastructure. The mobile nodes in WN range 

can communicate with each other because it is a self formed network. The mobile nodes form 

a network automatically without a fixed infrastructure and central management [9]. The 

mobile nodes have transmitters and receivers with smart antennas enabling them to 

communicate with each other. The topology of the network changes often or quickly by 

nodes getting in and out of in the network. MANET [18] is very bright choice for beyond line 
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of sight (BLOS) data exchange. The increase of Laptops and IEEE 802.11x or Wi-Fi 

networking has made MANET a well-liked investigate issue [42]. MANET is emerging as a 

significant option to supply persistent voice and multimedia services due to flexibility and 

low using expenses [10].  

 

Earlier, MANET was proposed to military use but at the present MANET is used in many 

areas e.g., in tragedy hit areas, statistics collection in a number of region, in saving missions, 

virtual lecture classes as conferences [10]. This perception with ad hoc network makes the 

full naming of mobile ad hoc network (MANET). As growing the network, mutual with the 

node mobility as challenges of self configuration of the network turn out to be more apparent. 

As security concerns in MANET is a serious and significant issue and a lots of techniques 

have been introduced for the MANET safety [46].  

 

Interruption discovery technique is investigated in the mobile nodes for network wasting 

much power by joining in and out with connection to WN [10]. Again and again connection 

and reconnection make power consumption in the WN. The major purpose of the ad hoc RPs 

effectiveness can be predicted by the power consumption.  

 

Power is consumed throughout joining of a node in a network as moreover in routing of data. 

The RP that adapts to the association tearing as restoration cab be considered vital too e.g., 

RPs are TORA, DSR and OLSR, Wireless Routing Protocol (WRP), Zone Routing Protocol 

and Two-Zone RP (TZRP) [4]. 

 

3.5 Example of MANET Application 

 

MANETs are very useful in military operations as discussed previously in the figure 2.1. In 

case of rescue mission where there is not sufficient time or resource to configure a wired 

network [30] MANET can be very effective, as shown in figure 3.1. For instance; in a 

burning football stadium fire fighters are extremely struggling [10] to attain control on the 

situation, at a time they need to have voice contact with emergency ambulance as well as 

police intended for the collective rescue mission to be successful as quickly as possible.  
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Figure 3.1 MANET Applications in Rescue Mission [10] 

 

Even more applications; MANET can be smart choice for  

1. Random waypoint tracking for collective nodes (for car racing or gaming) [45].  

2. Random Point Group Mobility tracking (for battle field or rescue mission controlled 

by remote access via internet or radio link).  

3. Freeway (node) Mobility tracking (for traffic mobility control in the highway e.g., 

slow lane, medium speed and fast speed lane) and  

4. Manhattan Mobility Model tracking (for the transport and control system in very 

crowded traffic city like Manhattan) [44].   
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Chapter 4  

Voice 

 

In sound science, voice is introduced as the period of time which goes by between as a stop 

consonant is discharged and as resulting communication of the pulsation of the voiced folds 

commences. Frequency is produced by vibrations and voice is produced by vibrations of 

vocal cord (in case of human) [42]. 

 

4.1 Voice Quality 
 

Voice quality or voice is a complicated, multi-dimensional incidence because its involving 

assessment with the impact of huge sensitive speech recognition technology as one of the 

most multifarious of human functions [42]. 

 

 

For voice quality to be of practical use in engineering, one has to set up conventions 

significant voice quality, calculating metrics of voice quality and constraining the 

understanding of these metrics within the background of these conventions. In this 

perspective, voice quality is a particular response, on a conventionally established rating-

scale, to a multi-dimensional speech [25]. It is a perceptual intuition or judgment that humans 

provide when asked a pointed or specific question. It is considered as a psycho-acoustic 

judgment [43]. 

 

It is usually defined and measured in the context of a set of accepted methodologies. In 

general, it is a collective (in practice averaged) psychological responses of human listeners 

evaluate a collection of direct or record of verbal communication samples within the 

perception of these methodologies [42]. 

 

There are two approaches to measuring voice quality subjective and objective. For subjective 

approach the (voice) quality is measured by practical human listening. And in objective 

approach the voice quality is measured with help of voice quality metrics, in general voice 

quality is obtained by averaging the voice quality responses [43]. 

 

In this research objective approach has been utilized to measure voice quality. 
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4.2 Why Voice Quality should be measured? 

 

From the above discussion, it should to be obvious that voice quality is an important metrics 

characterizing the gateway performance. Measuring voice quality is important for several 

reasons. To improve gateway amplification, the developer needs to be fully guaranteed that 

each of the mechanism of the gateway that could affect voice quality is performing to their 

requirement, e.g. there are several components to a VoIP system [43]. All of these 

mechanisms affecting the voice quality of transmitted speech to unstable levels [25]. As a 

result, it is significant to measure voice quality as quantify the impact of each of these 

components. Decisions such as these are crucial in the market both for manufacturers/ 

suppliers of telecom equipment in apparatus assortment and for operators to make sure and 

monitor good / acceptable voice quality and to fully optimize their networks. A valid measure 

of voice quality is an extremely important metric. Thus an E2E delay or system’s analysis of 

voice quality is an essential feature characterizing any successful VoIP system [42]. 

 

4.3 VoIP Quality Metrics 

 

Mobility and Congestion are the main causes for voice degradation in MANET. VoIP quality 

metrics are ; 

• Latency 

• Jitter 

• Packet loss 

 

4.3.1 Latency: Latency is the average time it takes for a packet to travel from its source to 

its destination [42]. It is measured in milliseconds. E2E delay recommendations for voice; 1- 

150 milliseconds (ms) suitable for voice (100 ms is preferred), 150-250 ms starts to affect 

voice quality, 250-400 ms can be annoying (satellite delay can be as much as 500 ms for one-

way, hence VoIP on a satellite link is not reasonable in an interactive way) and more than 400 

ms unacceptable [25]. 

 

4.3.2 Jitter: Voice must be understandable at the Rx end. Because of that, consecutive voice 

packets must arrive in the receiver at regular interval. Jitter describes the degree of variability 

in packet arrivals, which can be caused by network congestion (bursts of data traffic), timing 
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drift or because of route changes. Jitter is the delay variance from point-to-point or Tx to Rx. 

It is measured in milliseconds. Voice packets can tolerate about 75 milliseconds (40 ms 

preferred) of jitter delay [43]. 

 

4.3.3 Packet loss: Data packets can get lost through the communication channel due to many 

reasons. Mostly packet loss occurs due to congestion, means the loosing of packets along the 

data path, resulting severe degradation of the voice quality. Voice traffic can tolerate less than 

3 percent loss of packets before users feel perceivable gaps in conversation. When these 

factors are correctly controlled by QoS mechanisms, VoIP delivers better qualities of voice 

while these parameters work excellent [43]. 
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Chapter 5 

Ad hoc Networks Routing Protocols 

 

MANET has become a significant issue for MANET working group (WG) which handles the 

complexity of RPs. To enhance the performance of the MANET RPs the Internet Engineering 

Task Force (IETF) is continuously researching. There are three types of routing protocols 

which are based on routing information; 

• Proactive RP (for example, OLSR); 

• Reactive RP (for example, DSR); 

• Hybrid RP (for example, TORA) [12]. 

 

 

5.1 Optimized Link State RP (OLSR) 

 

For frequent exchange of topology information to other nodes of the network The Optimized 

Link State RP (OLSR) is introduced. OLSR is a proactive RP [26]. OLSR, which is an 

optimization form of usual link state protocol, is developed for MANET. To decrease the 

essential number of control packets transmission and also to lessen the volume of control 

packets, the OLSR is mainly responsible. The Optimized Link State Routing with Multi 

Point’s relays cut down the control traffic in the network [18]. The key concepts gathered 

from the multi points relays, OLSR is mostly a node’s one hop neighbors in the network [6]. 

To form the basic routing system between the source and the destination nodes in the network, 

the Multi point’s relay factor are employed in order, to maintain the route calculation which 

is equally important and by significantly decreasing the number of packets transmissions, 

flooding control traffic is resourcefully handled throughout multi points relays [25]. In 

MANET, Well known bidirectional linkages from which is assigned by multi points relays is 

the one hop adjacent nodes with symmetric linkages. By the multi point relays, it is possible 

to stay away the difficulties experienced in the packets transmission over a unidirectional link 

[11]. 

 

 



17 

 

Three different types of control message that belongs to OLSR are HELLO, Topology 

Control (TC) and Multiple Interface Declaration (MID) [26]. The OLSR correctly reduce the 

Time interval whilst sporadically transmitting these control messages and conserves the 

routes continually to every destination in MANET. For its characteristics, OLSR is more 

favorable for large and dense networks. In the larger and denser network in terms of OLSR 

protocol, other optimization factors can be obtained as compared to the pure link state 

algorithm [9]. To achieve a complete distribution algorithm, OLSR is autonomous of the 

fundamental entities and considered to function in such ways [8]. 

 

 

There are two parts in OLSR; one is core functionality and the other one is the set of auxiliary 

functionalities [8]. The key responsibilities of core function with protocol specification which 

can provide routing in a standalone support to MANET in some scenarios, auxiliary function 

offers further functionality which defines the OLSR interfaces and the mobile nodes present 

in the MANET [20]. In center functionality, messaging and their transmissions, topologist 

diffusions, route counting’s and connection sensing all are encompassed by OLSR protocol. 

The core function goes with packet format and forwarding, link sensing, as neighbor 

detection, and MPR selection and MPR signaling too [11]. 

 

5.2 Dynamic Source Routing (DSR) 

 
DSR (Dynamic Source Routing) which is introduced as a Reactive RP, designed particularly 

for the mobile ad-hoc networks [44]. Without any accessible infrastructure, the networks 

become as a self structured and self configured because of DSR permits the network running 

[32]. As an on-demand protocol and it attains the ability to prevent the control packets from 

consuming much band width. In DSR, the periodic hello packets known as beacon is not 

included which notifies its existence to other nodes. To store the routing information DSR 

utilizes the route caches [14]. 

 

For discover and maintenance, the route between the end points, Route Discovery and Route 

Maintenance are two important mechanisms of the DSR protocol in MANETS. These 

mechanisms support the unidirectional links in wireless ad-hoc network [20]. 
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5.3 Temporally Ordered Routing Algorithm (TORA) 

Temporally Ordered Routing Algorithm or TORA is a highly efficient distributed RP and, 

also known as a hybrid protocol, is an on demand approach in multi hop wireless networks. 

TORA has two routing Algorithms named Gafni-Bertsekas (GB) and the Light weight 

Mobile Routing (LMR) [31]. All calculations includes of a sequence of aimed at link 

reversals temporally ordered queuing of diffusing calculations, which is structured by the 

TORA protocols react to the link failure [44]. 

 

Features of TORA are multiple routes status sensing, loop free routing, reliability and much 

more. While TORA executes it performs four unlike activities e.g., optimizing route, erasing 

route, creating and maintaining route [11]. These features had been introduced in TORA 

optimizing efficiency but in reality often they making self jamming. As consequence 

TORA’s overall performance dramatically goes down in the high density network. 

 

The route maintenance unit becomes essential for adapting the routing hope, so the directed 

acyclic graph (DAG) breaks down due to node mobility or heavy traffic. In a router’s last 

downstream link, some directed links may get broken down due to any loss occurred [31]. 

 

To detect the network partitions and erasing the invalid route, TORA implements a full 

capable algorithm [8]. The route erasure phase is involved and the clear packet is broadcasted 

throughout the network to wipe out the undirected invalid routes after detecting the network 

partition. 

 

To select their heights for modeling the routing structure, TORA involves a perfect method 

for optimizing routes for the routers. TORA employs a different control message called 

Optimization for route optimization [31]. 
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Chapter 6 

Model Simulation Network 

 

In this chapter deals with the analytical framework including the issues of methodology, such 

as estimation procedure, scenarios and parameters, methods of analysis, limitation of the 

systems and scope of the thesis work. With tactical summary of the OPNET modeler along 

with broad ideas of the RP performance metrics upon the estimation of various routing 

protocol have been focused here. At the end, the configurations similar to different network 

parameters have been described and sequential detail procedures to model (simulation) 

network designing and implementation steps have been described in Appendix A. 

 

 

6.1 Evaluation Platform 
 

In the real-time MANET scenario; the network models are designed in a well-organized way 

and its performance evaluation is immense importance. Though, it’s a challenging task to 

evaluate the performance of the proposed MANET in an authentic circumstance. For that 

reason, various kinds of network simulators or modelers have been presented to design and 

simulate the network models for different perspectives. The examples are NS-2 and OPNET, 

which are two renowned simulators [46]. Open source software is used in NS-2. However,, 

OPNET is used as a commercial simulator. The source code of the NS-2 is open for all while 

the kernel source code of OPNET modeler is restricted for the end users. To design and 

simulate network models, OPNET has an extensive built-in structure of development 

environment [9]. As said earlier, the thesis is conducted by discrete event simulation software 

called as OPNET Modeler. For the experimental evaluations, the OPNET Modeler 16.0 has 

been used in the thesis work which is latest available version of OPNET. Microsoft Windows 

platform is the best for OPNET where considering the commercial simulators. The MANET 

routing protocol is best compared to other commercial simulators by considering incorporate 

of this platform [45]. The OPNET Technologies package is enriched by various tools, 

OPNET modeler is one of them which is very effective and easy to handle. Out of that, the 

stability and mobility in the MANET is increased by supporting the number of features of the 

modeler. 
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6.2 Performance Metrics 

 

There are few number of parameters are presented in the OPNET simulator to support study 

the overall network performance for MANET. These parameters are recognized as 

performance metrics. The network efficiency is evaluated by the set of performance metrics 

which is demand on specific application and transport layer protocols [45]. The example of 

the network parameters; E2E delay, jitter, sent and received packet and average throughput 

usually get affected by the routing protocols; therefore, the selection of an efficient routing 

protocol is affected by these parameters in any communication network. In this thesis work, 

E2E delay, jitter and throughput can be discussed as follows: 

 

6.2.1 E2E Delay 

 

The E2E delay refers to the time needed for a packet to traverse from source node to 

destination node across a network. E2E delay determines the ability of the RPs to use-

efficiency of the network resources [42]. The unit of E2E delay is measured by seconds. 

Generally, the E2E delay is determined as per the bellowing equation; 

 

                                   

Where 

           = End to end delay 

       =Transmission delay 

      = Propagation dela  

      = Processing delay 

N = Scalar number [46] 

 

 

6.2.2 Jitter 

 

In terms of VoIP applications, jitter is occurred when the delay data packet is received with 

time variances.  Data packets can be reached their destination in random time interval or 

limitation due to this delay variance or because of routing (i.e., a data packet can be traversed 

from different route than a prior data packet). Variance of delay is suitable for a packet 
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position in queues between the paths from source node to destination node.  The data packet 

should be occurred minimal queuing delays when the packet is send, after that it exhibits long 

queuing delay between the same paths. Resulting the quality of audio streaming get affected 

and thus VoIP. Jitter buffers at the receiver temporally stored data packets to make the 

variances in delay. In this thesis work, jitter has been précised at the receiver end and any 

jitter buffer hasn’t been considered [6]. 

 

 

6.2.3 Throughput 

 

Throughput means rate or number of successful data packets obtained at the receiver end 

from the source node to destination node involving a communication channel or network. So 

the higher throughput value means greater outcomes. Generally, throughput is determined in 

bits per seconds (bits/sec) [42].  

 

Equation of throughput introduced as; [34].  

             
                                                   

                           
 

 

 

6.3 Network Modeling 

 

In this research, the different MANET routing protocols has been analyzed with scalable 

nodes and random mobility speed. In our simulation, the node speed of 10 m/s (36 km/hour) 

and 80 m/s (288 km/hour) is compared based on the different MANET routing protocols for 

voice traffic with the scalable nodes i.e. 6, 10, 20 and 40. The simulation time has been taken 

600 seconds in all the simulation scenarios [46]. The OPNET simulator is used to design the 

network model for the current study, with assist of various network entities. An example of 

such network model is refers in figure A.4 (in Appendix A) where the area of (1000 1000) 

square meter has been determined for the network size of 40 nodes. The network model is 

used different network entities. The name of these entities is wireless server, mobility 

configuration, application configuration, profile configuration and workstations (nodes). 

These model entities are normally a sequence of network components that is permit attribute 

definition and tuning. The transmitted data, file size and traffic load are used in application 
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configuration which is very essential object in the OPNET simulator. In general, it maintains 

basic application, namely; HTTP, FTP, Voice, E-mail and Print etc. Voice application is 

chosen for packet data (traffic) analysis where every application is maintained with heavy 

traffic load. Conversely, profile configuration maintains where the data is established by 

specifying the deal between servers and clients [26]. This is working to generate the user 

profiles while these profiles are individuated on various nodes in the network for creating the 

application traffic. For example, Voice profile is generated in a profile configuration entity 

that supports the voice traffic, which is created by an application configuration entity. 

Mobility configuration is very important entities among with other. Mobility configuration is 

used for the purpose of measuring the mobility model of the nodes. Furthermore, it has to 

choose various appropriate parameters like speed start time, stop time, pause time and similar 

to properly manage the movement of the various nodes in the network scenarios. The 

motivation for creating the mobility object is to permit the devices travel within the exact 

allocated network area, which is preferred as 1000 square meters in the simulation scenario. 

Voice traffic created from outer this exact range, will not be calculated. However, organizing 

the nodes with a random speed option, as broadly used mobility model identified with the 

default random (waypoint) mobility is used for all simulation reasons in this research study. 

As discussed in [6], random waypoint model permits the mobile nodes to remain moving 

until they arrive at a random destination identified by such algorithm. Upon entrance at this 

destination, the nodes obtain stop at this situate for a period of time, which is known as the 

pause interval. A new movement is added prepared with a random direction and speed as 

soon as the pause time terminates.  The combination of pause time and velocity locates up 

comparative degrees of mobility between mobile nodes in the simulation scenarios. For  

representation of the mobile activities of the nodes, the speed of the node is primarily put to 

10 m/s with a pause time of 50 sec to obtain the network performance with minimum 

mobility speed. However,, the speed is improved to 80 m/s with the same pause time because 

of the nodes can move with greater speed in the network. The reason for improving the node 

speed is to monitor the impact of mobility on protocols performances. In this research work, 

the server module is designed to support and control the application services voice derived 

from the user profile. This is normally a WLAN server during which a particular routing 

protocol can be chosen. The nodes are confined as workstations with client server 

applications. This is running over TCP/IP which is supported the underlying WLAN 

connection at 1 Mbps, 2 Mbps, 5.5 Mbps and 11 Mbps. In our simulation scenario, the 

connection speed is defined at 5.5 Mbps [9]. 
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Lately, all mobile nodes are speaking separately to procedure voice traffic randomly, with the 

facility to send the data packets to the preferred destinations. 

 

6.4 Network Configuration Parameter 

 

This part provides several propose aspects beside with their values in the format of table, 

which are created during the execution of the design model network. All these values of the 

tables have been presented in Appendix B. Table B.1 provides the general parameters have 

been used in the method of the simulation experiments of the research work. However, the 

parameters used for wireless LAN configuration have been prototype in Table B.6, where the 

values of parameter are equal to those given in the study work of [31]. One parameter value is 

changed which is the buffer size, the other parameters value are unchanged. The buffer size is 

fixed as 256,000 bits. As a matter, the average flow of application has been estimated to be 

produced in the simulation experiment. Similarly, the channel setting has been unchanged to 

auto-assigned because to evade the potential trouble related to manual error. 

 

However, the configuration parameters are portrayed in Tables B.5 that is used during the 

configuration of Voice application. Since these applications transfer files at a fixed interval, 

exponential (300 sec) is position to generate the voice traffic load while exponential (60 sec) 

is allocated to generate the voice (browsing) load [42]. As mentioned in the OPNET’s 

product (specifications), the starting time for one file transmit session is measured by adding 

the inter request time to the time that the previous file movement started. Accordingly the 

profile generation is determining at specified start time (sec) as uniform (100, 110) set. Again, 

the starting time of the application is determined as constant (5). Furthermore, the application 

and profile repeatability happened only once at the establishing point as represented in table 

B.3 and B.5. Later on, tables B.7, B.8 and B.9 are shown to demonstrate the parameters 

develop to configure the proposed routing protocols where RP’s configuration parameters set 

to default values, which is by default assigned by OPNET Modeler 16.0. [27]. The results 

with these default values showing more significant performance when routing protocol is 

configured as default values by OPNET. 
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Chapter 7 

Simulation Results Evaluation 

 

The prospect associated to the task of model network designing and investigational outcome 

have been introduced here by elaborately motivating the outcomes based on the experimented  

graphs, from section 7.1, 7.2 and 7.3 have focused on the experimental results for two 

different network scenarios in a MANET; i.e., section 7.1 is concerning the impact of 

network size extension to analyze performance of RPs, section 7.2 deals with node mobility 

issue and its impact with respect to the voice quality and while 7.3 dealing with RPs 

performance comparison. Section 7.4 dealing with motivation of results obtained from 

different scenarios. The area of the network is 1000 square meters. The total simulation time 

is 10 min for all network scenarios. As mentioned in previous chapter the start times of 

profile and application configuration are set to 100 sec and 10 sec respectively for 6, 10 and 

20 nodes, and for 40 nodes, the start times of profile and application configuration is placed 

to 40 sec and 25 sec. Throughout this simulation time (for 6, 10 and 20 nodes; 100+10 110 

sec and for 40 nodes; 40+25= 65 see) traffic is not generating, which is introduced for the 

warming up time [42]. 

 

7.1 Varying Network Size 

 

The investigation of different RPs outcome within MANETs for different nodes/ network size 

has been carried out through these scenarios where each scenario is presented to 

corresponding node sizes representing less nodes and large volume networks. To observing 

the affect of node variation on the voice quality with respect to OLSR, DSR and TORA, the 

simulation is conducted with various networks sizes (6, 10, 20 and 40 nodes). However, this 

section deals with varying network size, by generating voice traffic at a least mobility rate 

instead of keeping the network fully static for a more realistic MANET [46]. In the similar 

way, the scenarios of performance metrics (delay, jitter and throughput) have been discussed 

after an average pause time of 100 sec is set with a moving random speed of 10 m/s 

(36km/hour) to allow the mobile devices travel as a slow speed bus or car in the network. 
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7.1.1 Impact on E2E Delay 

 

As discussed earlier, E2E delay for data packet is calculated from formation moment to 

packet received moment in the Rx end. E2E delay threshold up to l50 ms suitable for voice. 

And high rate of E2E delay means more broken links and frequent re-routing in the network. 

For comparing the performance of OLSR, DSR and TORA with changing network volume, 

the following simulation scenarios are discussed. In the figures, X axis represents simulation 

run time in min and Y axis represents E2E delay in sec. 

  

E
n
d

-t
o
-E

n
d
 d

el
ay

 (
se

c)
 

 
 Simulation Time 

 Figure 7.1a E2E delay for 6 nodes 10 m/s speed 

 

The figure 7.la shows a detail graphical presentation of E2E delay for 6 nodes with random 

speed 10 m/s considering the voice traffic for the designed network. Initially the hybrid RP 

TORA shows irregular curve for E2E delay. DSR and OLSR show steady curves from 

beginning to end of simulation. Few minutes later TORA’s shows steady curve as well 

maintaining small variation of delay. To be more specific; in this figure, from very beginning 

of simulation TORA has higher E2E delay of about 125 milliseconds. However, DSR and 

OLSR maintain nearly same amount of E2E delay of about 62 milliseconds. After couple of 
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minutes the variation of E2E  delay for DSR, OLSR and TORA show steady curves at around 

62 milliseconds of delay and remain there rest of the simulation period. 
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 Figure 7.1b E2E delay for 10 nodes 10 m/s speed 

 

 

 

The figure 7.1 b shows a detail graphical description of E2E delay for 10 nodes with random 

speed 10 m/s. Initially all RPs (OLSR, DSR and TORA) show the irregular curves for E2E 

delay. After a certain time every the RPs showing stable curves continuing small variation 

from each other. To be more specific; in the beginning of simulation TORA got higher E2E  

delay (compared to DSR and OLSR) i.e., about 61.51 milliseconds. DSR and OLSR maintain 

almost same amount of E2E delay of about 60.51 milliseconds from beginning to end of 

simulation. After few  minutes all the RPs E2E delay showing stable curve at around 60.51 

milliseconds with small variation and remain there rest of the simulation period. However, it 

maintains good voice quality because it is less than the threshold. 
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 Figure 7.1c E2E delay for 20 nodes 10 m/s speed 

 

The figure 7.1 c shows detail graphical information of E2E delay for 20 nodes with random 

speed of 10 m/s. Initially TORA shows irregular curve for E2E delay. DSR and OLSR show 

steady curves from beginning to end. After few minutes the E2E delay of all the RPs showing 

stable curves at steady curves maintaining small variation of delay. To be more specific; in 

the beginning of simulation TORA got higher E2E delay (compared to DSR and OLSR) i.e. 

about 126.00 milliseconds. Again, DSR and OLSR maintain almost similar value of E2E 

delay of about 81.51 milliseconds. After few minutes all the RP’s E2E delay shows stable 

curves at around 80.51 milliseconds with little variation of delay and remain there rest of the 

simulation period. 
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 Figure 7.1d E2E delay for 40 nodes 10 m/s speed 

 

The figure 7.ld shows detail graphical information of E2E delay for 40 nodes with random 

speed of 10 in/s for DSR, OLSR and TORA. Initially OLSR and DSR show steady curves for 

E2E delay. However,, TORA has remarkable fluctuation of E2E delay which indicates very 

bad voice quality or noise only. To be more specific; in this scenario TORA has very high 

E2E  delay (compared to DSR and OLSR) i.e. about 1250 milliseconds to 3800 milliseconds 

from beginning till end, which means not acceptable voice quality, because it lays far above 

the threshold. However, DSR and OLSR maintain almost similar values of E2E delay i.e. 

about 81.51 milliseconds and remain there rest of the simulation time. 

 

7.1.2 Impact on Jitter 

 

As discussed previously, jitter indicates the degree of variability in packet arrivals. Voice 

packets can tolerate only about 75 ms (threshold) of jitter delay [43]. And high rate of jitter 

delay means more network congestion, timing drift and re-routing in the network. For 

evaluation of RPs (OLSR, DSR and TORA) performance at changing network volume, the 
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following simulation scenarios have been discussed. In the figures, X axis represents 

simulation run time in min, and Y axis represents jitter delay in sec. 
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 Figure 7.2a  Voice packet jitter delay for 6 nodes 10 m/s speed 

 

 

The figure 7.2a gives a detail graphical representation of voice packet jitter for 6 nodes with 

random speed 10 m/s. Initially TORA shows the irregular curve for jitter delay. OLSR and 

DSR show stable curves during the whole simulation period. After few minutes all RPs show 

steady curves maintaining small variation. To be more specific; in this figure, from very 

beginning of simulation, TORA has about 9.5 milliseconds of jitter delay. However, DSR and 

OLSR maintain around 0.025 milliseconds of jitter delay and after few minutes every RPs 

show stable curves maintaining small variation around 0.025 milliseconds and remain there 

rest of the simulation period, which means they maintaining good voice quality as it is less 

than 75 milliseconds threshold. 
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 Figure 7.2b  Jitter delay for 10 nodes 10 m/s speed 

 

 

The figure 7.2b shows a detail graphical description of jitter delay for 10 nodes with random 

speed 10 m/s. Initially every RPs (OLSR, DSR and TORA) show irregular jitter curves. After 

few minutes OLSR, DSR and TORA show steady curves maintaining small variations of 

jitter delay. To be more specific; in the beginning of simulation TORA has got higher jitter 

(compared to DSR and OLSR) i.e. around 0.105 milliseconds. However, DSR and OLSR 

maintain almost stable jitter of about 0.023 milliseconds. And after few minutes every the 

RPs jitter delay showing stable jitter delay at around 0.0051 milliseconds which is good voice 

quality as it is below the threshold. 
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 Figure 7.2c  Jitter delay for 20 nodes 10 m/s speed 

 

 

The figure 7.2c shows detail information of jitter delay for 20 nodes with random speed of 10 

m/s. Initially TORA shows higher jitter compared to DSR and OLSR. However, it maintains 

good voice quality. DSR has better jitter curve than TORA and OLSR has very steady jitter 

curve from beginning to end of simulation. After few minutes the jitter delay of all the RP’s 

show steady curves maintaining small variation of delay. To be more specific; in the 

beginning of simulation TORA obtaining high jitter (compared to DSR and OLSR) i.e. 

around 2.0 milliseconds which is good voice quality because it remains below the threshold 

(75 milliseconds jitter delay). However, DSR maintains 0.25 milliseconds jitter delay in the 

beginning. And OLSR has almost 0 (zero) millisecond jitter delay, which meaning as in the 

beginning of simulation every RPs show different jitter delay because of their protocol 

properties. And after few minutes all the RPs jitter delay presenting stable curves at around 

0.1 m/s. However, it maintains good voice quality. 
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 Figure 7.2d  Jitter delay for 40 nodes 10 m/s speed 

 

The figure 7.2d shows detail information of Jitter delay for 40 nodes with random speed of 10 

m/s for DSR, OLSR and TORA. Initially OLSR and DSR show steady curves for jitter delay. 

However, TORA has remarkable fluctuation of jitter delay around 15.1 milliseconds to 2 

milliseconds. However, it maintains good voice. To be more specific; in this scenario TORA 

starts with very high jitter delay compared to DSR and OLSR, i.e. about 15.1 milliseconds, 

but maintains good voice quality because it stands below the threshold. However, DSR and 

OLSR maintain almost similar values of jitter delay about 0 (zero) milliseconds which is 

good voice quality. 

 

 

 

7.1.3 Impact on Throughput 

 

Throughput means the amount of traffic successfully received by the receiver or node over a 

communication channel. The routing efficiency can be predicted by observing the overall 

throughput received. A throughput with a higher value is often an absolute [9] choice in every 
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network. In the figures X axis represents simulation run time in min and Y axis represents 

throughput in bits/sec. 
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 Figure 7.3a Average throughput for 6 nodes 10 m/s speed 

 

 

Figure 7.3a shows the average throughput of OLSR, DSR and TORA under various network 

scenarios of 6 nodes and random speed of 10 m/s. TORA exhibits quite better performance 

compared in this figure receiving an average throughput of about 520,000 bits/sec. DSR 

receives up to 475,000 bit/sec throughput. Meanwhile, OLSR’s throughput is 470,000 

bits/sec. The throughput of TORA, has initiated better than DSR and OLSR due to the 

presence of mobility in the network. However, TORA’s performance seems better in the 

small size network. 
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 Figure 7.3b Average throughput for 10 nodes 10 m/s speed 

 

 

 

Figure 7.3b shows detail information for the average throughput of OLSR, DSR and TORA 

for 10 nodes and random speed of 10 m/s. Simulation graph shows that DSR is receiving an 

average throughput about 295,000 bits/sec and TORA receiving an average throughput of 

about 280,000 bits/sec. However, OLSR receives an average throughput about 320,000 

bits/sec and is favored over DSR and TORA thereby as the network size increases. 
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 Figure 7.3c Average throughput for 20 nodes 10 m/s speed 

 

 

Figure 7.3c shows detail information of the average throughput of OLSR, DSR and TORA 

for 20 nodes and random speed l0 m/s. In a network of 20 nodes TORA receiving an average 

throughput about 540,000 bits/sec. DSR receives up to 550,000 bit/sec. In the meantime, the 

average throughput for OLSR is found to be around 735,000 bits/sec. The data packet 

received for OLSR has initiated better performance than DSR and TORA while presence of 

more traffic and mobility in the network. However, OLSR’s performance seems better in this 

network from beginning till end of simulation. 
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 Figure 7.3d Average throughput for 40 nodes 10 m/s speed 

 

Figure 7.3d represents detail information of the average throughput of OLSR, DSR and 

TORA under various network scenarios of 40 nodes and random speed of 10 m/s. In a big 

size network of 40 nodes TORA exhibits quite better performance from beginning to end 

compared to the OLSR and DSR, receiving up to an average throughput of about 935,000 

bits/sec. DSR receives up to 618,000 bit/sec throughput on average. Meanwhile, the average 

throughput for OLSR is found to be 798,000 bits/sec.  
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7.2 Varying Node Mobility 
 

 

Performance inquiry of OLSR, DSR and TORA in MANETs for random speed of 80 m/s has 

been carried out through different scenarios (in 7.2.1, 7.2.2 and 7.2.3) where each scenario is 

presented to corresponding node sizes in the section 7.1 but, with a higher speed of 80 m/s 

representing less nodes small network and many nodes large volume network respectively. 

The comparisons of two different speeds and its result’s motivation have been discussed in 

the conclusion section. The simulation is conducted with various networks sizes (6, 10, 20 

and 40 nodes). However, this section deals with varying node mobility, by generating voice 

traffic at a very high mobility rate to keep the network randomly moving for a more realistic 

MANET. In the similar way, the scenarios of performance metrics (delay, jitter and 

throughput) have been discussed after an average pause time of 100 sec is set with a moving 

random speed of 80 m/s (288 km/hour) to allow the mobile devices travel as a high speed 

sports car or X 2000 train in the network. 

 

7.2.1 Impact on E2E Delay 

 

As discussed earlier, E2E delay for data packet is considered from data packet formation time 

to packet received time in the Rx end. E2E delay threshold is 150 ms suitable for voice (100 

milliseconds preferred), 150-250 ms starts affecting voice quality, 250-400 ms can be 

annoying and more than 400 ms unacceptable [25]. Considering MANET, rate of E2E delay 

means further broken links and frequent re-routing in the network. The simulation time has 

been taken 600 sec or 10 min. Intended for observation of the performance of OLSR, DSR 

and TORA, the following simulation outcome graphs have been introduced. In the figures, X 

axis represents simulation run time in min and Y axis represents E2E delay in seconds. 
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 Figure 7.4a E2E delay for 6 nodes 80 m/s speed 

 

 

The figure 7.4a is a detail graphical representation of E2E delay for 6 nodes with random 

speed 80 m/s. Initially TORA shows the irregular curves for E2E delay. After few minutes 

E2E delay for dissimilar RPs doesn’t vary so much which means resulting good voice quality. 

To be more specific; in this figure, from very beginning of simulation, TORA obtaining 

higher E2E delay of about 125 ms, DSR maintains around 62 ms E2E delay. OLSR has the 

lowest and stable E2E delay of about 61 ms on average. After few minutes all the RPs show 

stable curves continuing small variation of delay, showing stable curve at around 61 ms to 62 

ms respectively and, stay there for the rest of the simulation time. OLSR and DSR show 

better performance in this network. 
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 Figure 7.4b E2E delay for 10 nodes 80 m/s speed 

 

 

The figure 7.4b shows a detail picture of E2E delays for 10 nodes with random speed 80 m/s. 

Initially TORA shows the irregular curves for E2E delay. DSR and OLSR show quite stable 

curves. After a certain time the E2E delay of all the RPs showing stable curves at around 

60.51 ms. To be more specific; in the beginning of simulation TORA maintaining higher E2E 

delay comparing to DSR and OLSR, of about 63.25 ms, DSR maintains around 60.62 ms 

E2E  delay. However, OLSR has the lowest and steady E2E delay of about 60.53 ms on 

average. Again, with increased simulation time, all the RPs show steady curves maintaining 

small variation of delay, settling down at around 60.5 ms to 60.7 ms respectively and, remain 

there for the rest of the time. 
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 Figure 7.4c E2E delay for 20 nodes 80 m/s speed 

 

The figure 7.4c shows detail graphical information of E2E delay for 20 nodes with random 

speed of 80 m/s for the designed network. In the beginning, TORA shows irregular curve for 

E2E delay. After few minutes the E2E delay of all the RPs seem to showing stable curves at 

steady curves maintaining small variation of delay. To be more specific; in the beginning of 

simulation TORA obtained higher E2E delay comparing to DSR and OLSR i.e. about 340 ms 

which means bad voice quality because it lays above the threshold. DSR maintains about 52 

ms E2E delay which is good voice quality. However, and OLSR maintains about 51 ms E2E 

delay which is good voice quality. And after few minutes all the RP’s E2E delay of showing 

stable curves at around 51 ms to 53 ms which means good voice quality. So the network 

volume expands, the OLSR and the DSR still achieve the lower E2E delay, approximately 51 

ms and 52 ms respectively. Despite that the maximum packet delay is found in TORA based 

network. 
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 Figure 7.4d E2E delay for 40 nodes 80 m/s speed 

 

The figure 7 .4d shows detail graphical information of E2E delay for 40 nodes with random 

speed of 80 m/s considering the voice traffic for DSR, OLSR and TORA. Initially OLSR and 

DSR show steady curves for E2E delay. However,, TORA has remarkable fluctuation of E2E 

delay around 200 ms to 4100 ms which indicates very bad quality signal or noise only. To be 

more specific; in this scenario TORA has very high E2E  delay (compared to DSR and OLSR) 

i.e. about 200 ms to 4100 ms which means bad quality because it lays far above the threshold 

(150 ms delay). However, DSR and OLSR maintain almost similar values of E2E delay 

around 100 ms which is good voice quality and they seem to showing stable curves at steady 

curves maintaining small or similar variation of delay. 
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7.2.2 Impact on Jitter 
 

As discussed before, Jitter is the degree of variability in packet arrivals in the Rx end. Voice 

packets can tolerate only about 75 milliseconds (ms) threshold of jitter delay [43]. And high 

rate of jitter delay means more network congestion, timing drift and re-routing in the network. 

For comparison over the performance of the OLSR, DSR and TORA with mobile devices 

(node) mobility, the following simulation scenarios have been used. In the figures, X axis 

represents simulation run time in min and Y axis represents jitter delay in seconds. 
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 Figure 7.5a Jitter delay for 6 nodes 80 m/s speed 

 

The figure 7.5a gives a detail graphical representation of voice packet jitter for 6 nodes with 

random speed 80 m/s for the designed network. Initially TORA shows the irregular curve for 

voice jitter delay. But after few minutes the variation of voice packet jitter for different RP 

doesn’t influence so much to the voice quality. To be more specific; in this figure, from very 

beginning of simulation, TORA has about 0.95 ms of jitter delay. However, DSR and OLSR 

maintain around 0.0 15 ms of jitter delay. After few minutes, all the RPs seems to presenting 

stable curves maintaining small or similar variation of delay. 
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 Figure 7.5b Jitter delay for 10 nodes 80 m/s speed 

 

The figure 7.5b shows a detail graphical description of Jitter delay for 10 nodes with random 

speed 80 m/s. Initially every RPs (OLSR, DSR and TORA) show irregular jitter curves. After 

few minutes simulation time the variation of voice packet jitter is quite steady for different 

RPs, i.e. the jitter of all RPs show steady curves maintaining small variations. To be more 

specific; in the beginning of simulation TORA got higher jitter compared to DSR and OLSR 

i.e. around 1.05ms. DSR maintains little jitter of about 0.02350,009 ms. Again, OLSR 

maintains jitter delay of about 0.021 ms. And after couple of minutes all the RP’s jitter delay 

showing stable curves at around 0.00 11 ms to 0.0041ms. 
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 Figure 7.5c Jitter delay for 20 nodes 80 m/s speed 

 

The figure 7.5c shows detail information of E2E delay for 20 nodes with random speed of 80 

m/s. Initially TORA shows higher jitter variation compared to DSR and OLSR. After few 

minutes the jitter delays of all the RPs show steady curves maintaining small variation. To be 

more specific; in the beginning of simulation TORA obtaining higher jitter (compared to 

DSR and OLSR) i.e. around 0.95 ms to 1.9 ms which is good voice quality because it is 

below the threshold. Again, DSR maintains 0.1 ms jitter delay. And OLSR has almost 0 (zero) 

millisecond jitter delay which means, in the beginning of simulation every RPs show 

different jitter delay because of their internal principles / properties. And after few minutes all 

the RP’s jitter delay showing stable curves at around 0 (zero) ms to 0.1 ms which means good 

voice quality. 

  



45 

 

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
 J

it
te

r 
d
el

ay
 (

se
c)

 

 
 Simulation Time 

 Figure 7.5d Jitter delay for 40 nodes 80 m/s speed 

 

The figure 7.5d shows detail information of Jitter delay for 40 nodes with random speed of 80 

m/s for DSR, OLSR and TORA. Initially OLSR shows steady curve for E2E delay. However, 

TORA has remarkable fluctuation of jitter delay around 2.3 ms to 3.7 ms. However, it 

indicates good voice. Again, DSR starts with jitter delay 2.4 ms. To be more specific; in this 

scenario TORA starts with very high jitter delay (compared to DSR and OLSR) i.e. about 2.3 

ms to 3.7 ms but maintains good voice quality because it is below the threshold. DSR starts 

with jitter delay 2.4 ms. OLSR maintains about 0 (zero) milliseconds jitter delay, which is 

good voice quality. After few minutes OLSR and DSR show steady curves and remain there 

till end of the simulation time. 
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7.2.3 Impact on Throughput 

 

As discussed earlier, throughput means the amount of data packets successfully received by 

the receiver over a communication channel. The routing efficiency can be predicted by 

observing the overall throughput received. A throughput with a higher value is often an 

absolute choice in every network. In the figures X axis represents simulation run time and Y 

axis represents throughput in bits/sec. 
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 Figure 7.6a Throughput for 6 nodes 80 m/s speed 

 

Figure 7.6a reveals the average throughput of OLSR, DSR and TORA under various network 

scenarios of 6 nodes and random speed of 80 m/s. In a small network of 6 nodes TORA 

exhibits better performance receiving an average throughput of about 540,000 bits/sec. DSR 

receives up to 475,000 bit/sec throughput on average. And the average throughput for OLSR 

is found to be 470,000 bits/sec. The data packet received for TORA has initiated better than 

DSR and OLSR due to the presence of less traffic in the network. 
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 Figure 7.6b Throughput for 10 nodes 80 m/s speed 

 

Figure 7.6b shows detail information for the average throughput of OLSR, DSR and TORA 

for 10 nodes and random speed of 80 m/s. DSR receiving an average throughput of about 

295,000 bits/sec. TORA receiving an average throughput of about 280,000 bits/sec. However, 

OLSR receives an average throughput of about 320,000 bits/sec and is favored over DSR and 

TORA. 
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 Figure 7.6c Throughput for 20 nodes 80 m/s speed 

 

 

Figure 7.6c shows graphical information of the average throughput of OLSR, DSR and 

TORA under various network scenarios of 20 nodes and random speed of 80 m/s. In a 

network of 20 nodes TORA receiving an average throughput, about 590,000 bits/sec. DSR 

receives up to 580,000 bit/sec throughput on average. The average throughput for OLSR is 

found to be around 770,000 bits/sec. The data packet received for OLSR has initiated better 

performance than DSR and TORA. However, OLSR’s performance seems better in this 

network. 



49 

 

  
  
  
  
  
  
  
  
  
  
  
  
  
  
 T

h
ro

u
g
h
p
u
t 

(b
it

s/
se

c)
 

 
 Simulation Time 

 Figure 7.6d Throughput for 40 nodes 80 m/s speed 

 

Figure 7.6d represents detail information of the average throughput of OLSR, DSR and 

TORA under various network scenarios of 40 nodes and random speed of 80 m/s. In a big 

volume network of 40 nodes, TORA obtaining better throughput than the OLSR and DSR, 

receiving an average throughput of about 980,000 bits/sec. DSR receives up to 910,000 

bit/sec throughput on average. The average throughput for OLSR is found to be 930,000 

bits/sec. However, TORA’s performance seems better in this network. 
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7.3 Performance Comparison of RPs 

 

This part is presenting the comparison summary of the RPs performance in terms of end-to-

end delay, jitter and throughput. The three popular RPs performances have been depicted in 

the section 7.1 and 7.2 representing the graphs for different network densities and node 

speeds, where different properties of each protocol have led to differences in their 

performance curves. In a closer view DSR and OLSR exciting outcome reveals. 
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 Figure 7.7a E2E delay comparison for DSR and OLSR 

 

 The figure 7.7a shows detail graphical information of E2E delay for 40 nodes with random 

speed of 80 m/s considering the voice traffic for DSR and OLSR. Initially DSR starts with a 

remarkable fluctuation of E2E delay compare to OLSR, gaining delay at around 83.7 ms and 

OLSR showing stable curves at 82.2 ms comparatively stable curve and remain there till end 

of simulation. Again OLSR maintains almost small amount of variation of E2E delay starts at 

around 80.6 milliseconds and come at 81.3 milliseconds, and remain there till rest of the 

simulation period. In this figure OLSR shows comparatively better E2E delay performance 

than DSR. 
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 Figure 7.7b Average packet delay variation 40 nodes 80 m/s speed 

 

The figure 7.7b shows detail information of average packet delay variation of 40 nodes 

network for OLSR and DSR with random speed of 80 m/s. In the figure, X axis shows the 

simulation time while Y axis shows delay variation (in sec). In this figure; DSR starts with a 

remarkable fluctuation of delay variation from 108 milliseconds, after few minutes they 

presenting stable curves at around 0.024 milliseconds. Whereas OLSR experiencing almost 0 

(zero) ms of packet delay variation from very beginning and seems stable there till rest of the 

simulation time. 
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7.4 Motivation of the Results 

 

In E2E delay’s variations (figure 7.7b) OLSR obtaining impressive results as well as in the 

overall performance. Proactive RP characteristics made OLSR significantly active to 

establish quick link between nodes without major delay. It updates the routing table 

continuously. By using optimized link, it reduces number of broadcasts which 

establishing optimal connection between source and destination nodes; resulting better 

performance than other RPs. DSR obtaining comparatively higher delay than OLSR. 

Again, OLSR doesn’t take much time for route discovery [9] as the optimized routes 

are available in the routing table which resulting lower E2E delay as observed in the 

figures (7.1, 7.4 and 7.7). In the denser network the OLSR’s performance seems not to 

be degraded and presents a steady lower delay, because it’s taking advantage of 

multipoint relay (MPR) nodes to enable and forwarding of the control messages to 

other nodes, which ultimately minimizes the network overhead. In general, the link 

state protocol exhibits more stability and robustness than the reactive protocols due to 

internal architectural character. The features conscientious for the comparatively 

meager outcomes of the TORA is associated with configuration of short-term loops in 

the MANET, when the conflict of the MAC layer are detained by the Tx routing 

packets and the connection toward neighbor nodes might be out of order due to IMEP. 

Consequently for link failures [9], TORA sends again and again the updated packets 

as resulting severe data congestion in the network and enormously huge delay as well, 

which is increasing further more with network volume. Reactive protocol DSR is not 

good enough to create quick links and their keeping packet in the buffers awaiting a 

link is revealed to connecting the Rx. As RRP (route request packet) is sent to find out 

the route, the Rx node answer back to every RRP it received, resulting DSR take 

significant time to find out the optimal route. Consequently, DSR is taking time for 

finding link and performing fallaciously in the network. Again, the entire routing 

sequence is set in the packet header due to DSR’s SR (source routing) scheme, which 

the packet length enhances and increases delay in the network. Therefore, the crowded 

the network, the upper the delays possible to experience in the network for DSR 

deployment [46]. 
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Chapter 8 

Conclusion and Future work 

 

Gigantic growth of Laptops and IEEE 802.llx (Wi-Fi) and mobile (computing) device’s WN 

making MANET a trendy study issue. MANET is considered as an intellectual choice 

intended for BLOS multimedia or voice communication. Conversely, researching over voice 

quality evaluation; including comparative investigations over these RPs brining future 

researches to study. Voice quality has been evaluated in this paper, depending on 

performance metrics e.g., end-to-end (E2E) delay, throughput and jitter, and variable nodes 

speed on the designed MANET.  

 

Twenty six network scenarios have been simulated and discussed (for TORA, OLSR, DSR). 

 

As an alternative of stationary nodes low speed have been taken for keeping the MANET 

mobile. The experiments (simulations) have been carried out by comparative investigation as 

QoS (for voice quality) through different network scenarios (e.g., 6, 10, 20, 40 nodes 

respectively with random speed from 10 m/s (36 km/hour) to up to 80 m/s (288 km/hour).  

 

For observation over RPs (TORA, OLSR, DSR) performance on the voice quality intended 

for node variation; the simulation is conducted for a variety of network’s size (6, 10, 20 and 

40 nodes). The section 7.1 dealing with changing network volume intended to make voice 

traffic of low speed where, a random velocity 10 m/s for regular pause time of 100 sec is set. 

  

8.1 Answers of the research questions: 
 

Working on this thesis, three (research) questions have been revealed in chapter 1. 

 

Q.1 has been planned to investigate the impact in terms of throughput with changing network 

volume. The answer of this question has been discussed in the section 7.1.3. 

 

Analyzing the average throughput graphs from the figure 7.3 for 6, 10, 20 and 40 nodes, with 

random speed of 10 m/s (36 km/hour) the answer is obtained. In case of voice traffic in the 
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small network, TORA maintains best performance and OLSR and DSR experiencing quite 

similar throughput. In case of medium size network OLSR exhibits better throughput than 

DSR and TORA. In case of high density network TORA maintains best performance again, 

and OLSR exhibits better throughput than DSR. To be more specific, in case of changing 

network volume for average throughput, OLSR exhibits quite satisfactory performance, 

receiving an average throughput of about 581,250 bits/sec. The average throughput for 

TORA is 568.750 bits/sec and DSR is 529.500 bits/sec. It has been observed that as the 

network density increases DSR throughput performance decreases, However, OLSR and 

TORA are capable to maintain better voice quality. 

 

Q.2 was aimed to investigate the impact in terms of throughput with varying node mobility. 

The answer of this question has been discussed in the section 7.2.3. 

 

The figure 7.6 shows average WLAN Throughput for respectively 6, 10, 20 and 40 nodes 

with random speed up to 80 m/s. Once again, for low density network TORA maintains best 

throughput performance and OLSR and DSR experiencing quite overlapping similar 

throughput. In case of medium size network OLSR exhibits better throughput than DSR and 

TORA. In case of high density network TORA maintains best performance again, and OLSR 

exhibits better throughput than DSR. In case of varying node mobility for average throughput, 

OLSR exhibits quite satisfactory performance, receiving an average throughput of about 6 

17.550 bits/sec. The average throughput for TORA is 597.000 bits/second and DSR is 

529.500 bits/sec. It has been observed that as the network density increases DSR’s 

throughput performance decreases. However, OLSR and TORA are capable to maintain 

better voice quality. When the node mobility is shifted to 80 m/s, lower throughput is 

achieved, amounting to approximately 900,000 bit/see, on average. So, the throughput in a 

high mobility network keeps on rising gradually, though, with a lower rate than that of the 

medium rate network. The average throughput received in a speed 80 m/s network is about 

600,000 bit/see, although the performance tends to show improvement at, towards the end of 

the simulation period. From the above observation it has been revealed that OLSR and TORA 

have better performance than DSR. OLSR require the lowest time to transfer the data packet 

and their performances are found to be quite stable throughout the simulation, according to 

every scenarios analysis OLSR provides the best service in MANET for voice application. 

 

Q.3 was aimed to investigate which RP is best suited for providing quality voice service. 
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Analyzing the overall simulation results it has been observed that the performance among 

three MANET RPs TORA, OLSR and DSR for different number of nodes (6, 10, 20 and 40) 

and different random speed (10 ms to up to 80 ms) considering the following network metrics: 

throughput, delay and jitter in (campus) scenario, OLSR seems to be the recommendable RP 

for providing quality voice service. 

 

8.2 Conclusion: 

 

Nowadays, the formation of large (volume) mobile ad-hoc networks becoming a decisive 

picking intended for tactical armed forces networks, catastrophe recovery missions and 

vehicular networks control, consequently significance of scalable (MANET) RPs selection is 

a demand of innovative WN’s sustaining. Here revealing, convincingly MANET’s existing 

RPs perform well after nodes size in the network is increasing (from 6, 10 and 20 to 40). 

 

In the section 7.1 RPs performance has been observed on average performance metrics; 

depending upon network volume of 6, 10, 20 and 40 nodes for random speed 10 m/s. Figure 

7.1 (a, b, c, and d) representing the detail graphical scenarios of E2E delay. At the initial 

stage; DSR and OLSR have the lowest (steady) E2E delay throughout the simulation. TORA 

performs well in less node’s network but not in high node’s network. 

  

The figure 7.2 (a, b, c and d) presenting graphical view of jitter delay on RPs. Observing the 

scenarios, it has been revealed that; the variation of node density and low speed doesn’t 

influence so much over characteristics curve of jitter. However, here OLSR shows the lower 

jitter delay comparing to DSR and TORA. After a short stage, all the protocols have more/ 

less (almost) steady results. 

 

The figure 7.3 (a, b, c and d) showing average throughput of RPs. Observing the scenarios it 

can be concluded as; in less nodes small network and many nodes large volume network of 6 

and 40 nodes TORA exhibiting quite satisfactory performance comparing to the other two 

RPs. Better steady performance presenting OLSR than DSR where as the nodes random 

mobility (speed) quite often playing extremely significant role over the RPs performance, 

thus picking up suitable RP intended for specific real life affair. 
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The section 7.2 is dealing with observation over RPs performance metrics (on average); as 

node speed varying randomly up to 80 m/s for 6, 10, 20 and 40 nodes . Figure 7.4 (a, b, c and 

d) representing packet E2E delay (for speed 80 m/s). In high nodes (density) network the E2E 

delay performance of TORA declining noticeably. And OLSR and DSR have been  

 

The figure 7.6 shows average WLAN Throughput of RPs (for random speed 80 m/s with 6, 

10, 20 and 40 nodes MANET). Once again, for high density and high speedy (80 m/s) 

MANET, TORA shows better throughput compared to other RPs. Again, for medium density 

MANET (10 and 20 nodes); OLSR shows better throughput.  

 

Observing the RP’s outcomes comparisons, conclusion can be, in less speedy nodes MANET; 

DSR and OLSR maintaining comparatively smaller amount E2E delay than TORA. In jitter 

delay TORA’s performance going downwards as nodes number increases in MANET but 

DSR and OLSR have almost stable jitter graphs. In less nodes and high (density) nodes 

MANET; TORA obtaining highest throughput (traffic received), in medium nodes MANET; 

OLSR has been receiving highest traffic and DSR receiving lowest traffic while nodes 

number goes up. In high speedy nodes MANET; DSR and OLSR maintaining stable with 

minimum E2E delay curve where as TORA’s performance going down as nodes number and 

speed going up. Similar as before, in jitter delay OLSR and DSR continuing stable curve 

where TORA’s is not stable at all for high speedy and more nodes MANET. Once again, for 

high speedy less nodes MANET and more nodes MANET, TORA obtains huge throughput, 

DSR obtaining least throughput (comparing other RPs) where nodes speed is high, and OLSR 

maintaining better throughput curve in medium volume’s MANET and high speedy  high 

volume MANET also. 

 

Finally observing overall performance of all the RPs twenty six scenarios, it can be bring to a 

close that for voice (traffic) in MANETs; OLSR obtaining better outcomes on performance 

metrics comparing other RPs, thus OLSR is the best picking up to go with for VoIP using. 
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8.3 Future work: 

 

The upcoming work will be focusing more complex; bigger MANET form intended to 

investigate if present routing protocols are capable of upholding QoS, e.g,  

 

 Multimedia (audio & video) data can be good pick up for unlike RPs where nodes 

(random) speed is very high.  

 

 Testing Doppler’s effect for unlike RPs (performance analysis) possibly will be 

interesting investigation (thesis work) in complex MANETs, i.e., signal intensity (data 

quality) enhances and declines if the Tx (sender nodes) and Rx (receiver) nodes 

coming in the direction to each other or going away against each other (in the 

opposite direction)  and such. 
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Appendix A  

Model (Simulation) Network Designing and Implementation  

 

Evaluation’s Platform: The evaluation platform has been OPNET (Simulator 16.0).  

 

The procedures to create a new project are;  

 

a). Go to start menu, click on the OPNET Simulator (to open).  

 

 

Figure A1: The OPNET Modeler 16.0. 

b). To open a new project; single click on file menu and then select new and click OK.  

Put a name as your choice for the project (new project).  

 

c). Choose create empty scenario and click next.  

 Choose campus network and click next.  
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Figure A2: Startup Wizard: Initial Topology (Creating empty scenario). 

 

d). Write X span for 1000  

And, write Y span for 1000  

Choose Meters as Units and click next.  

 

 

 

Figure A3: Startup Wizard: Specify Size.  

 

e). Select the technologies then choose MANET as Yes and the click next. 
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Figure A4: Startup Wizard: Select Technologies. 

 

f). At this time click Finish.  

 

 

 

Figure A5: Startup Wizard: Review. 

 

g). Click on Open Object Palette Tree; choose Application Config and drag it on the campus 

network, then choose Mobility Config and drag it on the campus network, and then choose 

wlan_wkstn (Mobile Node) and drag it on the campus network. 
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Figure A6: Object Palette Tree 

 

 

Figure A7: 40 Nodes Model Simulation Network Designing and Implementation. 
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h). Right click on Application Config, Proifle Config, Mobility Confg and 

wlan_wkstn (Mobile Node) respectively to set their name one by one.  

 

 

 

Figure A8: Network Profile Configuration. 
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Appendix B 

Network Configuration Parameters:  

 

General Parameters 

 

Value 

Area 1000×1000 Square meters 

Network size (No. of Nodes) 2,6,10,20,40 

Data rate 5.5 Mbps 

Mobility Model Random Way point 

Data type Voice 

Mobility Speed 10 meters/second (m/s) 

Simulation Time 600 Seconds 

Address Mode IPv4 

 

Table B1: General Parameters. 

 

 

Application Configuration Value 

Number of Application Voice 

Start time offset (seconds) Constant 

Duration End of profile 

Application Repeatability Once at start time 

Inter-repetition time (seconds) Constant (300) 

Number of repetitions Constant (0) 

Repetition pattern Serial 

 

Table B2: Application Configuration. 

 

 

Profile Configuration Value 

Number of profile Voice 

Operation mode Simultaneous 

Start time Uniform (100,110) 

Duration (seconds) End of simulation 

Profile repeatability Once at start time 

Inter-repetition time (second) Constant (300) 

Number of repetition Constant (0) 

Repetition pattern Serial 

 

Table B3: Profile Configuration. 
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Mobility Configuration Value 

Random way point parameters Default 

Mobility domain name Not used 

x_min (meters) 0.0 

y_min (meters) 0.0 

x_min (meters) 500 

y_min (meters) 500 

Speed (m/sec) Uniform int (0,10) 

Pulse time (sec) Constant (100) 

Start time (sec) Constant (0) 

Stop time (sec) End of simulation 

Animation update frequency (sec) 1.0 

Record trajectory Disabled 

 

Table B4: Mobility Configuration. 

 

 

Voice Application Value 

Symbolic Destination name Voice destination 

Encoder scheme G.711 

Voice frame per packet 1 

Type of service Interactive Voice 6 

Comparison delay (sec) 0.02 

Decompression delay (sec) 0.02 

 

Table B5: Voice Application Configuration. 

 

 

 
 

Table B6: WLAN Parameters. 
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Parameters Value 

Route expire time (seconds) in Route 

cache  

300 

Expire Timer (seconds) 30 

Request Table Size (Nodes) in Route 

Discovery 

64 

Max Request Table identifiers ion Route 

Discovery  

16 

Max Request Retransmissions in Route 

Discovery 

16 

Max Request Period (seconds) 10 

Initial Request Period (seconds) 0.5 

Non Propagating Request Time 

(seconds) 

0.03 

Gratuitous Route Reply Time (seconds) 1 

Max Buffer Size (packets) 50 

Maintenance Handoff Time (seconds) 0.25 

Max Maintenance Retransmissions 

(retransmissions) 

2 

Maintenance Acknowledgement 

Time(seconds) 

0.5 

Route Replies Using Cached Route Enabled 

Packet Salvaging Enabled 

 

Table B7: DSR Parameters. 

 

 

Parameters Value 

Willingness Willingness Default 

Hello Interval (seconds) 2.0 

TC Interval (seconds) 5.0 

Neighbor Hold Time (seconds) 6.0 

Topology Hold Time (seconds) 15.0 

Duplicity Message Hold Time 

(Seconds) 

30.0 

 

Table B8: OLSR Parameters. 

 

 

Parameters Value 

Mode of Operation On-Demand 

OPT Transmit Interval (seconds) 300 

IP Packet Discard Timeout (seconds) 10 

Beacon Period (seconds) 20 

Max Beacon Timer (seconds) 60 

Max Retires (number of attempts) 3 

Max IMEP Packet Length (bytes) 1,500 

 

Table B9: TORA Parameters. 
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Table B10: Repeatability Table 
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