Performance Analysis of Routing Protocols in
FANETS

Thesis submitted in partial fulfillment of the requirements for the award

of degree of

Master of Engineering
in

Information Security

Submitted By
Kuldeep Singh
(801233007)

Under the supervision of:
Dr. Anil Kumar Verma

Associate Professor

COMPUTER SCIENCE AND ENGINEERING DEPARTMENT
THAPAR UNIVERSITY
PATIALA — 147004

July 2014






ACKNOWLEDGEMENT

No volume of words is enough to express my gratitude towards my guide, Dr. Anil Kumar
Verma, Associate Professor, Computer Science and Engineering Department, Thapar
University, who has been very concerned and has supervised the work presented in this thesis
report. He has helped me to explore this vast field in an organised manner and provided me

with all the ideas on how to work towards a research oriented venture.

I am also thankful to Dr. Deepak Garg, Head of Department, CSED and Ms. Jhilik
Bhattacharya, P.G. Coordinator, for the motivation and inspiration that triggered me for the

thesis work.

I would also like to thank the staff members and my colleagues who were always there in the
need of the hour and provided with all the help and facilities, which I required, for the

completion of my thesis.

Most importantly, I would like to thanks my parents, friends and the almighty for showing me
the right direction out of the blue, to help me to stay calm in the oddest of the times and keep

moving even at times when there was no hope.

Kuldeep Singh

(801233007)



ABSTRACT

For the last few years the research area of adhoc network are being explored due to their
versatile applications. Newer technologies are proposed by researchers using the concept of
MANETs like VANETs and FANETs. FANETS stands for flying adhoc network which is a
group of homogenous flying objects or Micro-Air Vehicles (MAVs) that communicate with
each other locally and also interact with their environment to get some sort of information,
which will provide a distinguish approach to tackle with the emergency situations like natural
disaster , military battle field.

We have extended the traditional OLSR, AODV and DSDV protocols for FANET. These
three different protocols belong to two different classification of routing protocol, namely
reactive and proactive. These protocols were simulated using NS2 and were analysed on
various parameters as number of nodes, packet delivery ratio, end to end delay and
throughput. The results indicate that OLSR performs better than AODV and DSDV for
FANETSs. Further we have we have analysed the performance of OLSR for different mobility
models such as Random Waypoint, Manhattan Grid, RPGM and Pursue. Our results indicate
that performance of OLSR is optimum with Pursue mobility model than other mobility

models.

Keywords: OLSR, FANETs, MAVs, Mobility Models, NS2.
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1. Introduction

1.1 Wireless Network

Wireless network is a network which uses radio sate@ establish and maintain
communication channels between two or more nodescamputers. It is a
comparatively better alternative than wired netwggkwhich basically relies on
copper wire between network devices [1]. Therela@ieof inherent characteristics of

wireless network through which it attract users.
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Figure 1.1 Wireless Networks

« Mobility: Through wireless communications, a user can accésgnation
beyond their desk and also can conduct their bssingctivities from
anywhere without having wire connectivity.

+ Reachability: A wireless communications system provides bet@nectivity
and reachability without any limitation like usearncbe on mountains or in the
mid of river etc.

- Simplicity: It is very easy and simple to deploy a wirelesermnication
system in comparison of cabled network [1]. Iniatisetup stage, the cost of
wireless system could be high but there are mahgroadvantages which
overcome the initial cost.

- Maintainability: It is very easy to maintain a wireless system thamired
system. And time spends in maintaining wirelesgesysis very less than

wired system.



- Roaming ServicesBy using a wireless network, a user can get sesvic
anywhere any time like in trains, busses, airplates

« [Easy Setup: Installation is easy and quick as there is no neednake
connection through cable [1].

« Cost Effective: A wireless network takes less cost than a wiredvost to
operate all the function and communication properly

« Expandable: It is very easy and simple to expand wireless nekgavith
existing equipments, while a wired network takegdli@aohal effort and

required additional wiring.

1.2 Classification of Wireless Network
Wireless network is classified into two types oe thasis of their infrastructure as

shown in Figure 1.2 [2].

Wireless network

Infrastructure less

Infrastructure
Based network network
Mobile Adhoc
Adhoc network TR
Vehicular Flying Adhoc

| Adhoc network | metwork

Figure 1.2 Wireless Network Classifications

1.2.1 Infrastructure Based Network
An infrastructure based network is a network whicles fixed base stations called
infrastructure. These base stations are respon&bleoordinating communication

between the moving or mobile nodes [2].



1.2.2 Infrastructure less Network

An infrastructure less networkis a network whicbbes not use any existing
infrastructure. It is a set of mobile nodes that diynamically located in such a
manner that they are able to maintain the intereotions between nodes on a
continual basis.

* Adhoc Network: A network is called an adhoc network if it is ceghatonly
when it is required and it does not use any exstinfrastructure for
maintaining the interconnection between nodes aadsinit data packets
between them.

* Mobile Adhoc Network (MANET): A mobile adhoc networkis a self-
configuring infrastructure less network [3]. It & setof mobile nodes
connected by wireless technology. Every devicermame freely in the whole
network and in any direction and therefore it whiange links to its neighbour

nodes.

* Vehicular Adhoc Network (VANET): Vehicular adhoc network is a sub-
class of mobile adhoc Networks. VANET is distribitself-organizing
network formed between moving vehicles equipped hwivireless
communication devices [4]. VANET provides us anrasfructure for
developing new systems through which service likéved safety and

passengers’ safety and comfort, easy tool tax paymhout wasting time.

* Flying Adhoc Network (FANET): Flying adhoc network is also a sub class
of mobile adhoc network. The basic idea behind FANE that a group of
homogenous flying agent communicates with eachrokbeally and also
interacts with their environment to get some sérhformation. FANET does

not support central control.

1.3 Mobile Adhoc Network

A "mobile adhoc network” is an autonomous systenmalving nodes (act like a
router) connected by wireless links. Mobile Adhoetork is an infrastructure less
network. The nodes are free to move randomly antbigethemselves arbitrarily [5].
Thus, the network's wireless topology may changedha The large degree of

freedom and self organising capabilities makes haokhidhoc networks totally



different from any other network solution. For firet time, users have opportunity to
create their own network, which can be deployedhavit difficulty and economically
[6]. However a price for all those features is paiderms of multifarious technology
solutions.

For all those reasons, mobile adhoc network is oh¢he more pioneering and
challenging areas of wireless networking. Adhocwmogks are a key step in the
advancement of wireless technology. They inhegttthditional problem of wireless
and mobile communication, such as transmissionitguahhancement, bandwidth
optimization and power control. In addition, muitp nature and the lack of fixed
infrastructure give rise to new research problemshsas network configuration,
device discovery and topology maintenance as veeBegurity and routing [6]. The
major application for mobile adhoc networks is #uideployment and dynamic
reconfiguration in scenarios where wire line netwisr either not available or is not
cost effective, such as battlefield communicatiossarch and rescue adhoc

networking and other particular environments shasMfigure 1.3.

Figure 1.3 Mobile Adhoc Network [7]

1.4 Vehicular Adhoc Network(VANET)

VANET is a subclass of mobile adhoc network. Vedgchre equipped with wireless
transceivers to communicate with other vehicle$oton a special class of wireless
networks, known as vehicular adhoc network or VANBJl To enhance the safety of
drivers and provide the comfortable driving envimemt, messages for different

purposes need to be sent to vehicles through ttex-wehicle communications.



Vehicular networks are composed of mobile nodeBicles equipped with On Board
Units (OBU), and fixed nodes called Road Side U{RSU) attached to infrastructure
that will be deploy along the roads shown in Figu# Both OBU and RSU devices
have both wired and wireless communications cappplB]. OBUs communicate

with each other and with the RSUs in adhoc manner.

{te2)
Roadside
base station
= Emergency
event
Inter-yehicle
communications
Vehicle-to-roadside
communications

Figure 1.4 Vehicular Adhoc Network [8]

1.4.1 VANET Applications

Safety applications

Traffic managements
Electronic toll collection
Entertainment Applications

Internet Access

1.4.2 VANET Challenges

There are many issues in routing in VANET like @¢aeend delay and
packet delivery ratio [9].
Needs secure and reliable framework for VANET comitation.

QoS is also a big challenge in VANET parameter® ltonnection
duration.



1.5 Flying Adhoc Network (FANET)

Flying adhoc network is a sub class of mobile adietevork. FANET uses a group of
homogenous flying agent, which communicates witbheather locally and also
interacts with their environment to get some sdrinformation. FANET do not
support central control. In the situations of emaiy as flooding or military battle
field it is not feasible to deploy mobile node lretcommunication area. So, FANET
provide the way to tackle this situation with theewf flying object (MAVs). The
swarm of MAVs (micro-air-vehicle) is used to comnuate in a large area; MAVs
organize themselves to establish a wireless conuvation network [10]. They
communicate locally and do not equip with GPS, Qas\eradar. In FANET, position
of MAVs changes rapidly and because of this topplobanges frequently. Each
micro air vehicle communicates to each other antth wie base station. There are
certain limitations of vehicular adhoc network whiare overcome by Flying adhoc
network, like it is not possible to deploy vehiauéalhoc network in flooded areas and
also in other situations like in battlefield somsds it is not easy to deploy vehicular
adhoc network, so Flying adhoc network provide sohs for these problems because
the mobile agent have the capabilities of flyingotlgh which they can cover those
search and rescue areas [11].

Figure 1.5 Flying Adhoc Network



1.5.1 FANET Applications

Disaster Management FANET is useful when the existing communication
system is damaged due to disaster.

o flooding

o earthquake

o firing
In Sensor Networks Different sensor devices can be used to collata ¢tb
do daily functions.

0 Weather forecasting

0 Activities on earth
Location Aware Services: This type of network can be used in following
services [12].

o Call forwarding anywhere

o Transmission of actual workspace to current locatio

o0 Advertise location specific services

0 Location specific travel guides

o0 Service availability information
Military Battle-Field : FANET allows military to take advantage of networ
technology to maintain an information network.

o Among soldiers

o Soldiers and military headquarters.
Search and Rescue OperationsANET can be used provide a better way to
do search and rescue operations such as resciusiopaf hostages [12].
Security Purpose FANET is capable of getting information quicklycan be
used to collect information for the security purpad a delegate visiting to a

new place.

1.5.2 FANET Challenges
The basic idea behind flying adhoc network is sa®enobile adhoc networks and

vehicular networks. But there are certain diffeesntke node speed. Hence, FANET

faces some additional challenges which alreadyt exMANET. A lot of research has

been done by the researchers to increase theeefficiand productivity of network

with flying nodes [13]. But there are still manysatved problems, so this is the area



where a lot of research is required and it proviugége scope to the new researchers.

Some of the open challenges are giving as follow.

National Regulations In present scenario, unmanned-air-vehicles are
frequently used in most of the application aread #meir importance is
recognised in the modern information age. UAVsaibgy portion of air space
of nation when increase in numbers. But many cquair-policies do not
allow these types of UAV movements in their natiariail air-space. So, this
is a very serious concern and there is a needfteedgome rules and policies
through which UAVs can take flights into the natabaivil air-space [13].
Routing: In a FANET, network topology change very quicklfhe
movements of the nodes are very high which is \different from low
mobility environment. So there is a big challengefront of researchers to
provide an efficient data routing technique. Theref the new routing
protocols should be able to update routing tablgsachically whenever
networks topology change [13].

Coordination of UAVs and Manned Air-Crafts: It is inevitable in the
future, UAVs will fly with other manned aircraftoSthere is a requirement of
coordination of both UAVs and manned flight throwghich they can identify
and destruct enemy flight with minimum time andskes. At the same time it
will be very helpful in other tasks like emergerayd jammers for real time
video in enemy area.

Quality of Service (Qo0S): There are many application areas where flying
adhoc network can be used. FANET can transpomrtreifit type of data which
includes GPS locations, images, streaming, videcédysimple text messages
etc [13]. So, there is a need to support qualityises to satisfy a set of pre-
decided service performance constraints like aweragd to end delay,
bandwidth, packet loss, jitter etc.

UAV Mobility and Placement: In FANET, many types of UAVs can be
used. Out of these Mini-UAVs are very small in sarel carry less payloads,
like a thermal camera, single radar, camera, insggesor, etc. If there is a
need to use different types of sensors, then tlaeybe loaded on different
UAVs. So, this is an open issue to optimize the Upldcement to reduce

energy consumption when the retrieved informatsotaking more time.



2. Literature Survey

2.1 Routing in Adhoc Networks

Routing is a mechanism to establish and to selspkaific path in order to send data
from source to destination. There are various ngutilgorithms designed for adhoc

networks. Classification of various routing prottscbas been shown in Figure 2.1.

Reuting Protocols

; !

Tapology-based Pasition-based
,»f"‘r“m
.-"-F--F -\--H-\""'-.
e T
Proactive Reactive Hybnd Greedy

’f‘-.}\ Forwarding
Y T
IIllf \.IN //\ ‘ f // / \

\ i
DSDV \DSR ACDYV  ZRP SELAR / MFR

OLSR MFP

TERFF

Figure 2.1 Classification of Routing Protocols [14]

Adhoc Network routing protocols can be classifietbitwo categories:-
e Position Based.

e Topology Based

2.1.1 Topology Based Routing Protocols

In topology based Routing protocols, routing of tpackets can done using

information about the existing links in the netw@i6]. These protocols are further

divided into three subcategories: proactive, reactand hybrid protocols based on

how and when they update the state of the link.

* Proactive Routing Protocol: In this protocol, each and every node in the

network shares its routing information from its tiag table at regular time
interval which is used by the other nodes to idgnihe path for destination

nodes and make the map of whole network as shoviigure 2.2. The big



advantage of these protocols is that these pratdaké very short time period
to get the path to the destination [15]. But, istsovery much bandwidth
consumption to update the information within shmetiod of time thorough
which it maintain map of whole network. There arevesal proposed
algorithms under this category like WRP, DSDV ands8 Fisheye.

Destination | Next hop \
S
) D

Figure 2.2 Proactive Routing Protocols Scheme [15]

Reactive Routing Protocols:The Reactive protocols do not broadcast their
routing table information in regular time interv@hey broadcast their routing
information only when it is needed. Therefore, thainimize the use of
network bandwidth. But, due to the reactive nathere is a disadvantage to
these types of routing algorithms, End to End dedéypacket delivery is
increased as compared to proactive protocols. Aag also take more time to
select an immediate node to transfer the data pdmkeause of dynamic
network topology. Reactive protocols are less Yikel use in applications in
dynamic environment. Many algorithms are proposedeu this category like
AODV, DSR and ABR [15].

10



Figure 2.3 Reactive Routing Protocols Scheme [15]

 Hybrid Routing Protocol: Hybrid protocols are combination of both
proactive and reactive protocols. These protoa@siasigned to minimize the
overhead which is occurred in both types of protog@active and proactive]
[15]. But, the protocols under this category aréeswtable for large networks
having more than hundred nodes because of largéappeng of zones like
ZRP.

2.1.2 Position Based Routing Protocols

Position based routing protocol shown in Figure Bges geographical locations of
the build the routing decisions. On the basis @atmn information of the node,
different protocols follow different criteria toansfer the packets. For example, we
can see that MFR uses the greedy technique to fdrpackets, whereas DREAM
protocol uses directional flooding of packets arRI routing uses the dominating
set concept. Greedy forwarding is the most poptdehnique which don't traverse
and save path information between source and @éistim Source uses piggybacks
technique to find position of the destination aetests a neighbour as the next hop
that is close to the destination. If a dead endisc the path of the packet then it
may not be able to find the optimum path betweenstburce and destination, if dead
end occurs then they use recovery routing techsigu@ch improve the throughput
of the network. Position based routing is similarthe reactive routing because the

path to the destination is explored only when reguired.

11



Figure 2.4 Position based Geographic Routing Schenfi#5]

Position based routing protocols are very dynammd a&ery energy efficient as
compared to the topology based routing protocote fieason behind this is they do
not share their routing table information at regulaterval. This is resulting in

increase in the lifetime of the network. Positicmséd routing protocols formulate
routing decisions based on the geographical locatfdhe nodes. Different protocols

pursue different criteria to forward packets basedhe location information [15].

2.2 Optimized Link State Routing (OLSR)
OLSR is proactive routing protocol for adhoc netkgorThe protocol inhibits the
stability of link state algorithm. Because of thegctive approach, this protocol has a
benefit of having routes quickly available whenewequired. In the pure link state
protocol, all the nodes declare and broadcast theighbour links in the whole
network [16]. But in OLSR protocol is do optimizati of pure link state for adhoc
network.
OLSR provides following features:
* It reduces the size of control packets by declaaimgpde as a multi-point-relay
(MPR) selector to each and every nodes of its f@igh
* By using those MPRs which were selected, it redtasatter its messages to
the whole network.
OLSR uses MPR through which it is able to redueavthole network traffic and also
reduce the flooding in the network which arise wkgary node transmit data to each

12



other to sent the message to the exact destinatience, this routing protocol is best

fit for large and dense networks because this phareebased in all the cases of large

networks this routing works best [16].

2.2.1 Control Messages

Types of control messages in OLSR:

HELLO: Each node have to broadcast their own addresshandst of all the
neighbour which are not responding to the messtggsare broadcasted to
them and also send the list of all neighbours whach confirmed to the
message by a reply at a defined time interval [A8[d they have to send the
list of all those nodes which are selected as M&RHe originator node. The
nodes inter-change these messages among theirboaigh This is used for
the selection of the MPR set.

TC: These messages are also sent by nodes in the nétalerk after a time
interval. These messages are used for scattenuudoigical information to the
whole network. Senders of TC message have to iecthé list of all the
neighbours of a MPR, who have selected that no@eMBR, and also have to

include a sequence number for included MPR selsetiof16].

2.2.2 Protocol Functioning

Neighbour Sensing:Each node has to detect the all neighbour nodds wit
which this node has direct and bidirectional lidlhe uncertainties among
radio propagation may make some link unidirectioridierefore, all links
must be tested in both directions in order to ba&smtered valid. To
accomplish this, each node periodically broadca€ELIHD message,
containing information about its neighbours andirtHmks status. These
control messages are received by one-hop neighhdurot relayed to further
nodes. The HELLO message allows each node to tearknowledge of up to
two hops. The neighbour table stores informatioouélone hop neighbours,
status of link with these neighbours and list ob twop neighbours [16].

MPR Flooding: It is the process by which each and every routeabig to
broadcast information to the entire network. Eamtiter selects a neighbour

which is capable of transmission data in both finection, that node is known

13



as a subset (MPR set) and when router transmitssage and that message
relayed by the MPR should be received all its tvap meighbours. MPR
selection is encoded in outgoing hello messagds Thé willingness to select
a node as a MPR by the routers may express, iméssages, on which basis
consideration for the MPR calculation decision c€aunted and which is
useful for example when an OLSR routing networlplanned”.

» Link State Advertisement: It is the process by which routers get to know that
which link state information is to publish througiighe entire network. Each
and every router have to advertise, at least alllthks between MPR selector
set and itself, through which routers can calcullageshortest path. Such type
of link state advertisements are transmit in T@eabcast through the whole
network using the MPR flooding process which ieatlty described. As a
router selects only those MPRs which have confirtiedugh the reply of
message from the list. And links advertised in togy control message are
also bi-directional and the routing paths calculdig OLSR also contain only
two way links [17]. Certain events might occur iandom timeinterval
topology control messages, however normally thesg¢ral messages are sent

periodically.

2.3 Destination Sequence Distance Vector (DSDV)

Destination sequence distance vector routing i®uwing algorithm designed for
adhoc networks using the concept of Bellman-Fogbrithm. DSDV is modified
version of Distance Vector Routing. Distance VedRauting maintains hope count
for each destination node. The routing table cordislestination, distance and next
hope as shown in Figure 2.5. Initially routing &blare empty. Each node sends its
routing table to the neighbour nodes periodically]] Nodes re-compute their
shortest distance and update their table. Mainlpnab of Distance Vector Routing
are count to infinity, slow convergence and loopiD§DV was designed to solve the
problems of Distance Vector Routing. DSDV added tparameters (Sequence
number, Damping). Sequence number was added td bnaping issues and damping
was included to avoid unnecessary updates.DSDMnguipdates are done in two

forms:

14



» Periodic updates: Periodic updates are sent after every 15 secontiteE
routing table of each node is broadcasted.
» Trigger Updates: These are the updates that are sent in betweéodiger

updates. These updates are sent when any updaterged by any node.

/ (D.0.6)
ol

[D.A26] °
\D0O _/p

——

Figure 2.5 DSDV Message Exchange [18]

Figure 2.5 shows the exchange messages (destin&istance, Sequence No.) and
the routing table entries (Destination, NextHopstBince, Sequence No.) related to

nodes.

2.4 Adhoc On-Demand Distance Vector (AODV)

Adhoc On-Demand Distance Vector is a routing proltalsat is designed for mobile
nodes in adhoc networks. It is adaptive to dyndimic situation, memory overhead,
less network utilization, low processing and findaast routes to destinations in the
ad hoc network [19]. This is an on demand protostich means it builds route only
between those nodes which are desired by source Nmtles need to keep the route
until that is required by source node. AODV creaesee of group members and
nodes needed by members. AODV use sequence nuritbeesognize new route
updates [20]. This protocol is loop free, self-stey and used for large number of
mobile nodes.

AODV use three types of control messages for rmatenance:
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RREQ: Route Request messages are used by a node thakseg route to

node. Message contain broadcast id, destinationdgstination sequence
number, source IP, source sequence number andoop &s shown in Figure
2.6.
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Figure 2.6 Request Message Format of AODV [20]

RREP: Route reply messages are replied back to the segaader as

shown in figure 2.7The reason, one can unicast the message baclgtis th
every route forwarding a RREQ caches a route batke originator.

RREP: Route Reply messages are replied back to the reseieder as shown
in Figure 2.7. The reason, one can unicast the agesback, is that every

route forwarding a RREQ caches a route back totiginator [20].
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Figure 2.7 Reply Message Format of AODV [20]

RERR: Route error messages are used to tell other rajmesg loss of

the link, link breakage in any active route.
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2.5 Micro- Air Vehicles (MAVS)

Mobile adhoc network have become a major reseapchadh in the last few years,
this trend is mainly forced by the new technologresnicroelectronic and wireless
technology and not only new technology but also riguirement of the situations
like disasters. Flying adhoc network uses a swdrmicro-air vehicle, who organised
themselves to form a communication network. Micrio ¥ehicle do not equip with
GPS, radar and cameras [11]. Those sensors areexpsnsive to use which are
dependent on the environment they are bigger mam weight and use more energy
and cost is very huge. GPS is not suitable to aisthe disastrous areas. Because they
use four satellites at the same time for gettirg ékact location there is necessary
satellites required. The main aim of researchets isse minimum platform which are
less costly, safer, light-weight and can be easigployable. MAVs form a
communication network, so behaviour of MAVs playcricial role to achieve a
common goal through the individual act on their o®ome rules are proposed by
Craig. W. Reynolds for enabling birdlike flockingitin a group. The rules were
derived from real bird-flocks and can be brieflyrsnarized as: move with the same
speed and direction as neighbours, avoid collidimidy them and stay close [21].
MAVs communicate only with their immediate neighb@and form a tight chain,
when MAVs try to find a user in search and rescyperation they use rough
knowledge of direction and once a user has beendfau the targeted area then a
communication link has been established and maitaiTo maintain the network,
MAV should arrange them in the efficient manner][ZLhis is the way how the
packet delivery rate of the network will improve fine longer communication link.
In 2012 Michael Muller has given two basic apprascto detecting and connecting a

user.

2.6 Bird Flight-Inspired Routing Protocol

Many Routing Protocols have been developed to parfefficient and optimize
routing for the Mobile Adhoc networks. In mobilehadt network that how packet are
transmitting between the mobile nodes is very irtandrbecause this affect the data
delivery, power consumption and time, security amode management. Two
researchers from IIT Sudip Mishra and Gopidi Rajpsiposed an algorithm named
“Bird Flight-Inspired Routing Protocol for MobiledAHoc Networks”. The proposed
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protocol is inspired by the navigation of birds ola@ng distances following the great
circle arc, the shortest arc connecting two poamighe surface of a sphere [22]. This
sheds light on how birds save their energy whilegating over thousands of miles.
Proposed protocol has high adaptability to rapidngfes in the topology of the
network. This is achieved by changing the periodtled beacon broadcast in
accordance with the mobility of the node. But thas the drawback of additional

bandwidth utilization.

2.7 Great Circle Navigation by Birds

In Last few years, many researchers have been aom®w birds navigate hundreds
of miles and reach the same destination year gkar. Recently, scientists have
proposed a theory proving that how birds use a murobcues such as the magnetic
field of the earth, the position of the stars dgrihe night and the position of the sun
during the day to steer long distances. Birds msg/ these cues in combination for
better accuracy. Birds uses unlike combinationsuefs end up travelling in different

trajectories. Scientists have recorded the trajsaf birds using radar technology
and compared them with the trajectories estimatdgudifferent combinations of

cues [22]. The comparison disclosed the importaesaused by the bird flocks for

navigation over long distances. One of the impartamd most-used cues is the

position of the sun.

N 4 3 Great circle path

o > — -

>

ad Bird flock
>

Actual path followed by birds

>

Figure 2.8 The Great Circle Path [22]
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Alerstam pointed out that most of the birds nawgasing the position of the sun
without compensating for the fixed jet-lag and epdravelling along trajectories that
approximated the great circle route on the glob&igare 2.8. This is way through
which birds save their energy while navigating semds of miles [22]. Until we
don’t have any obstacles along the trajectory fallgwing the great circle does not

make sure that we reach the destination in themmuini time period.

2.8 Mobility Models

Mobility models are designed to describe the d#fifertype mobility pattern of
moving nodes and mobility model consider how tlpasition is changing at a given
time, velocity and acceleration changes with tifie. finding and analyzing the
performance of different protocols mobility modgdkys a remarkable role. It is
expected from mobility models to emulate the mowveinpattern of nodes targeted
life applications and scenario in a very efficievay [23]. Else it could leads to the
wrong analysis and the conclusions done from timeulsition. When evaluating
MANET protocols, it is very important to select theper mobility model. We have
analyzed mobility models under two categories. Whace further sub-divided into

different sub category as shown in Figure 2.9.

| Mobility Models |

[Entit}' Mobilitv Mo deli] [Gruup Ivobility Medels

—b[Randam Waip -:ujnt] —l{ MNomadic ]
—D[ Mianhattan Grid ] —i{ Pursue J

—n-l; Citv Section l 4,.[ EPCGM J

Ly st | —{  Colmn |

Figure 2.9 Classifications of Mobility Models [23]
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2.8.1 Entity Mobility Models

« Random Waypoint: The Random Waypoint Model is the model which
involves pause times before changes in speed agadtidn of the nodes. A
mobile node starts transmission by staying in diqdar location for some
period of time means a pause time. Once this tieT@@ ends, the mobile
nodes choose a random location in the defined sithonl area and speed from
the given range of maximum and minimum speed umifpr[23]. Then
mobile nodes then travel toward the newly choseatlon in the defined area
at the selected speed shown in Figure 2.10. Tloisess is repeated again and

again but before that node takes a pause for shwtperiod.
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Figure 2.10 Travelling Pattern of an MN using the Rindom Waypoint Mobility Model [23]

* Manhattan Grid: The Manhattan Grid model is designed to providath
matrix form means in row and column points as presein Figure 2.11. In
this model, nodes move only on pre-specified paths.—x and -y parameters
set the number of blocks and the path between them.

As an example, “\-v 3 -y 2" places the followinglmaon the simulation area:

F -+ -+ -+

+ -+ -+ - 1

+ -+ - + -+

Figure 2.11 Manhattan Grid Mobile Node Travelling Pattern [23]
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There are two more additional parameters thatgpated by the Manhattan
Grid. First it can decide or change the minimumespef a mobile node. And
second one is we can add the pause probabilitylendaximum pause time
period of the mobile nodes.

City Mobility Model: In this Mobility Model, the simulation area is ded
by the street of a city which represents a seatiba city where the ad hoc
network has to create shown in Figure 2.12. Theettrare based on the type
of city being simulated, and the speed is dependenthe type of street.
Figure 2.12 shows the mobility pattern of city sactmobility model [24].

aon L
200 b Qf

L L L i 1
o 50 100 150 200 250 300

Figure 2.12 Travelling Pattern of an MN using CitySection Model [24]

Static Mobility Model: In the Static model, nodes distribution in the
simulation area is homogenously distributed. Forn-homogenous
distribution, there are possibilities also throwghich we can define the non-
homogenous distribution [24]. The attraction poirdas be defined with the “\-
a" parameter. With the “\-I" parameter, the simolatarea can be divided into

several areas with different node densities altsg-axis.

2.8.2 Group Mobility Models

Reference Point Group Mobility Model (RPGM): Reference Point Group
Mobility shows movement of mobile nodes in group @s an individual. It

also represents the random motion of nodes. Mafiatependent on logical
centre of the group. This logical center is requiii@ the calculation of group
motion vector. Motion for group center specifie®gy movement, its speed
and direction of movement. Apart from logical centeach node decides its
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own reference point for random movement. The refs#epoint moves from
time t to t+1 and location of this is reported ke tgroup’s logical center.
When reference points are updated, RP (t+1) isitzkd each time and added

to the random vector as shown in Figure 2.13.

Figure 2.13 Movements of three MNs using the RPGM kel [24].

* Nomadic Mobility Model: As in old times, nomadic societies used to move
from one location to another. This concept is usgdomadic mobility model.
A group of mobile nodes is formed which moves ailiely from one
position to another. In this model, each individnalde uses entity mobile
model which is required for individual node movermacross its own point of
reference as shown in figure 2.14. When the pdinéference changes, whole

group moves to a new area and start wanderingairettea [25].

Figure 2.14 Movements of seven MNs in Nomadic Commity Mobility Model [24]
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Pursue Mobility Model: In Pursue Mobility Model, the mobile nodes track a
particular target. New position is calculated usihg following equation for
each mobile node:

New position = old position + acceleration [targeadld position] + random
vector.

Random vector is a offset for each mobile nodeawleration tells the how
mobile nodes are pursuing towards target [26]. dégree of randomness of

each node is limited to maintain tracking as shawiigure 2.15.
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Figure 2.15 Movements of Six MNs using the Pursue dbility Model [24]

Column Mobility Model: This model is very useful for searching purposes.
This model represents a set of mobile nodes thaeracound a given column,
which moves in a forward direction like a group affildren walking in a

single-line to their classroom as shown in therigg®.16.

R, s Cheginal Mode (pardiiel o direction ——
BN Modified Mode {perpendicular to direction) «-==-w-

100 |-

Figure 2.16 Travelling Pattern of MNs using the Calmn Mobility Model [24]
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3. Problem Statement

3.1 Problem Statement

Because of many applications, flying adhoc netwoak fascinated many research
institutes and automotive industries. Various typéschallenges in flying adhoc
network have been identified and addressed. Maurei®f concern is implementation
of an appropriate routing mechanism because ofraksues. Routing protocol is an
algorithm use to determine an appropriate patheticlation along which message
can be forwarded. Only routing is not importantt imobility pattern of a node in the
adhoc network is also very important aspect. Adioating protocols are classified
into topology based and position based. It will ineresting to evaluate the
performance of AODV (reactive routing), DSDV (prtige routing) and OLSR
(proactive routing) for FANET. Analyzing these rimgf protocols will give clear and
better understanding for selection of a betteringuscheme for FANET. And it will
also be very interesting to evaluate the perforreasfcthe selected routing protocol
under the different mobility model for FANET. Therformance of routing protocols
can be evaluated using simulation tools, mainlywéet Simulator and for mobility

scenario Bonnmotion can be used.

3.2 Objective
The primary objective of this thesis is the simiglatand analysis of AODV, DSDV
and OLSR routing protocols for FANET. And find thetter routing protocol and
then simulates and analyze that protocol undeemdifft mobility models.
* To simulate AODV, DSDV and OLSR protocols for FANET
* To compare and analyze their performance in terini&aoket Delivery Ratio,
End to End Delay and Average Throughput.
* To analyze the results obtained in order to findt lpgotocol among AODV,
DSDV and OLSR.
» To simulate best routing protocol found with diefat mobility models.
* To find the best mobility model for best routingfwocol found in FANET.

* To report and analyze the results obtained.

24



3.3 Methodology

Simulation environment has been setup for AODV, VSihd OLSR using
NS-2.

By using TCL scripts of AODV, DSDV and OLSR nodeesf has been
varied. Five different set of node speed has besed Uo compare the
performance of the said protocol.

AWK scripts have been used to get the value frauetifile and origin 9.1 is
used to generate graphs.

Selected protocol has been simulated with differeability models by using
NS-2.

Results have been compared under various paranigerBacket Delivery
Ratio, End to End Delay and Average Throughput.

Simulation analysis has been done to obtain battlda protocol with best
mobility model for FANET.
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4. Simulation and Implementation

4.1 Simulation

According to Shannon, simulation is the procesdesigning a model of a real system
and conducting experiments with this model for pfwpose of understanding the
behaviour of system and/or evaluating differenatstgies for system operation [28].
Developing a FANET in practical application is toostly therefore to test and to
evaluate the protocols, simulators are used. Stmul®f a protocol is the initial step
of implementation of FANET protocols. Several conmication network simulators
already exist to provide a platform for testing awaluating network protocols such
as NS-2 [29], OPNET and Qualnet. Node mobilityhis tnost important parameter in
simulating ad-hoc network. It's important to usalrorld mobility model so that the
results from the simulation correctly reflect thealrworld performance of a
FANET.In this thesis, to generate real world mapithodel for FANET simulation a

tool BonnMotion has been used, which is developgdva.

4.2 System Environment

The system environment in which simulation has lezeried out is given in the table
4.1

Table 4.1 System Environment

System Sony Vaio
System Type 64 Bit

Ram 4gb

Hard disk 500gb
Operating System Ubuntu 12.04
Processor Intel Core™ I3
Mongodb 2.6.3
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4.3 Network Simulator
NS-2 is application level simulator, which is deym#d in C++ and it uses OTCL

interpreter as a front-end. C++ language is usedirfpplementation of different
protocols and for extension of network simulattrdries. OTCL is used to develop
and control the environment of simulation. NS-2 mps both wireless as well as
wireless networks and can simulate different typds network protocol like
transmission control protocol, user datagram padtaad multiple routing protocols
etc [30]. Recently, adhoc and satellite wirelegsvoek support has been added. NS-2
is developed at the University of Berkeley. It ansistently enhanced and modified
by an active community of researchers. First wd digcuss the basic installation
mechanism and configuration of network simulatdnei later on, we will discuss
how to create simulation environment under whichwilkk analyze the working and
performance OLSR routing protocols for flying adchwetworks by using different
mobility model based experiments.

4.4 Architecture of NS-2

Figure 4.1 shows the fundamental architecture of2N8IS-2 provides users with
executable command ns which take an input argunttemtiame of a TCL simulation
scripting file. Users are feeding the name of a T&dulation script as an input
argument of NS-2 executable command ns. NS-2 dsnsigwo key languages C++
and Object oriented command language (OTCL). Afterulation, NS-2 output either
text-based or animation based simulation resutisnierpret these results graphically

and interactively, tools such as NAM (Network Antord and XGraph are used.

- OTel : Tcl imnterpreter = E - Q
with OO0 extention Analysis

OTecl Seript Simulation
sirnulation NS Simulator Library Resulis 4y
Program * Event Scheduler Objects :)H

* Network Component Objects

* Networle Setup Helping NI:t;AR?DErk
Iodules (Plumbing Modules) Antmator

Figure 4.1 Architecture of NS
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4.5 NAM (Network AniMator)

Nam provides a visual construal of the network togy created. The application was
developed as part of the VNIT project. Figure 4sblhys the NAM visualization.
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Figure 4.2 NAM Generated for 25 Nodes

4.6 Trace File Format

The trace file is an ASCII code files and the tracerganised in 12 fields as shown in
Figure 4.3.

(From,To)is the link that recorded this

tfrace event 1M Addr in "node.port” format
IR
. From | To Pkt Pkt Sr 8 Pki
Event | Time 1 - re | Dest eq
node | node | type | gize | Flags | Fid | yuu 1y oo | Nam | D
chr /

+ = engueue tep Seq. Number can
- duﬁmue repeat (refransmission).
r =recv (at the output of the link) User can set Flow [D Pkt LD s always unique
d = dropped in OT'l seript for

each source

Figure 4.3 Trace File Format
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The trace file data explanation is given belowtstgrfrom the first field as numberl.
1. Operation perform in the simulation, given by oridonr available symbol r,

+, - and d which correspond respectively receivejueued, dequeued and

IP flow identifier

drooped.
2. Simulation time of event occurrence.
3. Input nodes of link at which the event takes place.
4. Output nodes of link at which the event takes place
5. Packet type like CBR or TCP.
6. Packet size
7. Flags
8.
9.

Packet source node address

10. Sequence number

11.Unique packet identifier
Depending on the user’s purpose for an OTCL sirmariagcript, simulation results
are stored as trace files, which can be loadedralysis by the external applications

or scripts.

4.7 Installation and Configuration

NS-2 is a free simulation tool. NS-2 is compatibigh various platforms including
Linux, windows and Mac systems. It is developedJmix environment and because
of this it has smoothest ride there and so doe##iallation. NS-2 source codes can
be download in a single package named all-in-oner Beginners this is
recommended.

Steps are given below for all-in-one suite instaila

4.7.1 Networks Simulator installation

To install network simulator, some steps are gagfollow:
Stepl Download ns-2.35 from [online] http://www.isi.edgnam/ns
Step2 Save the downloaded folder to home directoryamzhck‘tar -

xzvfns-allinone-2.35.tar.gz”.
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Step3 Open terminal use commang8udo apt-get update”and then use
command'sudo apt-get install build-essential autoconfautorakelibxmu-
dev”

Step4 cd ns-allinone-2.35and then run command ./install

Step5 Run the following command to install xgraffbudo apt-get install
xgraph”.

Step6 Setup the environment variablegetlit ~/.bashrc.

Step7 Run the following commandsburce ~/.bashrt.

Step8 Type ns on terminal, % symbol shows successéiblfation of ns-2.\

4.7.2 OLSR Patch
Stepl Download OLSR patch from http://masimum.inf.unfjes/
development/um-olsr/
Step2 Change the directoryct ns-allinone-2.35/ns-2.35/"
Step3 Unpack um-olsr-0.8.8.tdztarzxvf um-olsr-0.8.8.tgz”
Step4 Create symbolic link In -s ./Jum-olsr-0.8.8. /olsr”
Step5 Run this command to patch OLSpatch -pl<olsr/um-olsr_ns-
2.35 v0.8.8.patch”.
Step6 Run the configuration file and make ffie/configure” andmake.

4.7.3 BonnMotion

BonnMotion is developed in Java. Which is used rieate and analyzes mobility
scenarios for different mobility patterns, and tto®l is used by the most of the
researchers to analyze and investigate to the desistic of the mobile adhoc
networks [31]. The scenarios generated by bonnmatem be used with different
simulation and analysis tools like NS-2, NS-3 aniXiM.

BonnMotion is being jointly developed by the Comnuation Systems group at the
University of Bonn, Germany, the Toilers group la¢ tColorado School of Mines,
Golden, CO, USA, and the Distributed Systems gatupe University of Osnabruck,
Germany [31].
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Installation
BonnMotion requires Java Run Time Engine (JRE)jand development Kit (JDK).

Stepl Install jre and jdksudo apt-get install openjdk-7-jre openjdk-7-jdk”
Step2 download and extract bonnmotion-2ubzip bonnmotion-2.0.zip”
Step3 change director§cd bonnmotion-2.0"
Step4 edit install file and ruf. /install”

Now it will ask for java path:

Please enter your java binary path [/usr/bin]: PEster

The message will appear on terminal: Bonnmotioreassfully installed.

Running Bonnmotion

Bonnmotion have a wrapper script “\bm” which isuggd for all the applications to
run [31]. This wrapper can be run using

./bm <parameters names><application><applicatioarpaters>

The application can be a mobility model used tolymgascenario characteristics.

Starting the script without command line parametigsplay help options.

Scenario Generation
The scenario generator writes all parameters usetktite a certain scenario to a file.
In this way, settings are saved and particular aeenparameters can be varied
without the need to re-enter all other parametenportant parameters used with all
models are the following:

* [-n] number of nodes

* [-d] scenario duration (in seconds)

» [-i] to skip the additional seconds at the begignaf the scenario.

* [-x] width of simulation area set (in meters)

* [-y] height of simulation area set (in meters)

Example: ./bm -f scenariol Nomadic -n 100 -d 900 -i 3600

This creates a Nomadic scenario with 100 nodesdamdtion of 900 seconds. An
initial phase of 3600 seconds is cut off. A scem#&isaved in two files: the first file
with suffix “name.params” contains the complete @ét parameters used for
simulation and second file with suffix “name.movertsegz” contains the node

movement data.
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5. Results and Analysis

5.1 Simulation Parameters
In this chapter, simulation is done in three partd on different parameters, so table

5.1, 5.2 and 5.3 shows first, second and thirdbs@arameters respectively. Results
are shown in the same sequence as the parametablsegiven.

5.1.1 Simulation Parameter Setl

In simulation parameter setl, routing protocolssidered are AODV, DSDV and
OLSR for 20 nodes. Speed of nodes varies from Bartfs 50 m/sec. The duration of
simulation is 900 seconds, data payload of 512 siyéeket and traffic type

considered is CBR.

Table 5.1 Simulation Parameters Setl

Parameter Value
Simulator NS-2(Version-2.35)
Channel Type Channel/Wireless Channel
Routing Protocol AODV, DSDV, OLSR
Simulation Duration 900s
Number of Nodes Per Simulation 20
MAC Layer Protocol 802.11
Traffic Type CBR
Data Payload 512 bytes/packet
Max of CBR Connections 200
Node Speed 5,10,20,30,40,50 (m/sec)
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5.1.2 Simulation Parameter Set2

In simulation parameter set2, OLSR routing protoisolconsidered with Random
Waypoint, Manhattan Grid, RPGM and Pursue mobitigdels with 20 nodes. Speed

of nodes varies from 5 m/sec to 50 m/sec. The muratf simulation is 900 seconds,

data payload of 512 bytes/packet and traffic typestered is CBR.

Table 5.2 Simulation Parameters Set2

Parameter

Value

Simulator

NS-2(Version-2.35)

Channel Type

Channel/Wireless Channel

M,

Routing Protocol OLSR
Mobility Models Random Waypoint, Manhattan Grid , RPG
Pursue
Simulation Duration 900s
Number of Nodes per 20
Simulation
MAC Layer Protocol 802.11
Traffic Type CBR

Data Payload

512 bytes/packet

Max of CBR Connections

200

Node Speed

5,10,20,30,40,50 (m/sec)

5.1.3 Simulation Parameter Set3

In simulation parameter set3, OLSR routing protosolconsidered with Random

Waypoint, Manhattan Grid, RPGM and Pursue mobiiiydels. The node group of
10,20,40,70 and 100 are taken. Speed of nodessviaoi® 5 m/sec to 25 m/sec. The
duration of simulation is 900 seconds, data paylok812 bytes/packet and traffic

type considered is CBR.
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Table 5.3 Simulation Parameters Set3

Parameter Value
Simulator Network Simulator -2 ( Version 2.35)
Channel Type Channel/Wireless Channel
Protocol OLSR
Simulation Duration 900s
Nodes Groups 10,20,40,70,100

Mobility Models Random Waypoint, Manhattan GridR@&M, Pursue

MAC Layer Protocol 802.11
Traffic Type CBR
Data Payload 512 bytes/packet
Max of CBR 100,200,400,700,1000

Connections

Speed (5-25)m/sec

5.2 Performance Parameters
Here we have taken three performance parameteanfdyzing the different mobility
model for OLSR:
» Packet Delivery Ratio: Packet delivery ratio tells that how many packets
were sent and how many actually delivered to trstinlation.
Packet delivery ratio= Total number of packet sdmital number of packet
received
* End to End Delay: End to End tells that the average time taken bgcket to
arrive at the destination, it also involves delaygueue and delay caused by
the route discovery.End to End delay= (arrive tisend time)/ number of
connections [27].
* Throughput: Throughput shows the bandwidth of the protocol oBesre the

results obtained from the trace file used alondpwie AWK scripts.
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5.3 Simulation Results of Routing Protocols AODV, BDV and
OLSR (with Parameter Setl)

5.3.1 Node Speed vs Packet Delivery Ratidable 5.4 shows the variation of packet
delivery ratio of different routing protocols OLSRODV and DSDV with the

change in speed of node.

Table 5.4 Node Speed vs. Packet Delivery Ratio

Routing Speed(m/sec)
Protocol

5 10 20 30 40 50

OLSR 1 1 .996 1 997 1

AODV 0.998| 1 0.991] 0.987| 0.953| 0.927

DSDV 0.996| 0.994| 0.986| 0.949| 0.931| 0.916

The graph obtained by variation of packet delivextyo with the change of speed of
node is shown in Figure 5.1.
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Figure 5.1 Node Speed vs Packet Delivery Ratio
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5.3.2 Node Speed vs End to End Delayable 5.5 shows the variation in end to end
delay of different routing protocols OLSR, AODV amtBDV with the change in

speed of node.

Table 5.5 Node Speed vs. End to End Delay

Routing Speed(m/sec)
Protocol

5 10 20 30 40 50

OLSR 6.234) 6.233| 6.234| 6.233| 6.333| 6.533

AODV 6.201| 6.131| 6.931| 7.246| 7.789| 8.346

DSDV 6.011| 5.931| 6.493| 6.972| 6.993| 7.293

The graph obtained by variation of end to end delily the change of speed of node

is shown in Figure 5.2.
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5.3.3 Node Speed vs Average Throughputiable 5.6 shows the change of average
throughput of different routing protocols OLSR, AWand DSDV with the change
in speed of node.

Table 5.6 Node Speed vs. Average Throughput

Routing Speed(m/sec)
Protocol

5 10 20 30 40 50

OLSR 64.61 64.61| 64.61| 64.61| 64.61| 64.61

AODV 62.13| 63.69| 65.71| 61.32| 59.16| 58.13

DSDV 60.91| 62.77| 60.93| 62.11| 62.27| 61.93

The graph obtained by change in average throughipluthe change of speed of node
is shown in Figure 5.3.
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5.4 Simulation Results of OLSR Routing Protocols wh different
Mobility Models (with Parameter Set?2)

5.4.1 Node Speed vs Packet Delivery Ratidable 5.7 shows the variation of packet
delivery ratio of OLSR routing protocol with difiemt mobility models (Random
Waypoint, Manhattan Grid, RPGM and Pursue) withdha&nge in speed of node.

Table 5.7 Speed vs. Packet Delivery Ratio

Mobility Models Speed(m/sec)

5 10 20 30 40 50

OLSR with Random Waypoint0.998| 0.995| 0.988| 0.986| 0.983| 0.901

OLSR with Manhattan Grid 0.9920.991| 0.989| 0.998| 0.991| 0.987

OLSR with RPGM 0.997 0.961| 0.927| 0.946| 0.897| 0.995

OLSR with Pursue 1 1 0.996 1 0997 1

The graph obtained by change in packet delivenyp raith the change of speed of

node is shown in Figure 5.4.
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5.4.2 Node Speed vs End to End Delayable 5.8 shows the change in end to end
delay of OLSR routing protocol with different mabjl models (Random Waypoint,
Manhattan Grid, RPGM and Pursue) with the changpéeed of node.

Table 5.8 Speed vs. End to End Delay

Mobility Models Speed(m/sec)

5 10 20 30 40 50

OLSR with Randonm  8.920| 8.989| 7.322| 11.571| 11.911| 10.614
Waypoint

OLSR with 12.897| 8.921| 17.494| 10.657| 12.300| 12.411
Manhattan Grid

OLSR with RPGM 9.953 6.713| 6.093| 8.236| 6.624| 7.563

OLSR with Pursue 6.234 6.233| 6.234| 6.233| 6.333| 6.533

The graph obtained by change in end to end deltdytive change of speed of node is

shown in Figure 5.5.
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5.4.3 Node Speed vs End to End Delay:able 5.9 shows the change in average
throughput of OLSR routing protocol with differemiobility models (Random
Waypoint, Manhattan Grid, RPGM and Pursue) withdha&nge in speed of node.

Table 5.9 Speed vs. Average Throughput

Mobility Models Speed(m/sec)

5 10 20 30 40 50

OLSR with Random Waypoint64.03| 63.6 | 63.54| 63.42| 62.95| 57.44

OLSR with Manhattan Grid 63.0363.93| 63.23| 63.42| 63.54| 63.51

OLSR with RPGM 64.04 61.04| 59.44| 61.49| 57.62| 63.57

OLSR with Pursue 64.6[164.61| 64.61| 64.61| 64.61| 64.61

The graph obtained by change in average throughipluthe change of speed of node

is shown in Figure 5.6.
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5.5 Simulation Results of OLSR Routing Protocols wh different

mobility models (with Parameter Set3)

5.5.1 Node Speed vs Packet Delivery Ratid@able 5.10 shows the variation of

packet delivery ratio of OLSR routing protocol withifferent mobility models
(Random Waypoint, Manhattan Grid, RPGM and Pursut) the different number

of nodes.
Table 5.10 Number of Nodes vs Packet Delivery Ratio

Mobility Models Node Group

10 20 40 70 100
OLSR with Random Waypoint| 0.9971| 0.9841| 0.9844| 0.9726| 0.9731
OLSR with Manhattan Grid 0.9358| 0.9671| 0.9592| 0.9472| 0.9584
OLSR with RPGM 0.9976| 0.9951| 0.9864| 0.9706| 0.97
OLSR with Pursue 0.9983| 0.9946| 0.9876| 0.9793| 0.974

The graph obtained by change in packet delivernyp raith the different number of

nodes is shown in Figure 5.7.
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5.5.2 Node Speed vs End to End Delayable 5.11 shows the variation of end to
end delay of OLSR routing protocol with differentobility models (Random
Waypoint, Manhattan Grid, RPGM and Pursue) withdifferent number of nodes.

Table 5.11 Number of Nodes vs End to End Delay

Mobility Models Node Group

10 20 40 70 100
OLSR with Random 8.004 | 9.662 | 10.819 | 9.334 | 9.311
Waypoint

OLSR with Manhattan Grid | 16.31 | 11.678| 12.162 | 13.259| 11.342

OLSR with RPGM 6.982 | 6.228 | 8.385 | 9.0258| 9.238

OLSR with Pursue 6.039 | 6.349 | 8.443 | 8.9351]| 8.217

The graph obtained by change in end to end deldythe different number of nodes

is shown in Figure 5.8.
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5.5.2 Node Speed vs Average Throughpuflable 5.12 shows the variation of
average throughput of OLSR routing protocol withffedent mobility models

(Random Waypoint, Manhattan Grid, RPGM and Pursut) the different number

of nodes.

Table 5.12 Number of Nodes vs Average Throughput

Mobility Models Node Group

10 20 40 70 100

OLSR with Random Waypoint 46.52 | 53.92 | 60 61.35 | 57.89

OLSR with Manhattan Grid 45.76 | 54.58 | 56.33 | 60.84 | 54.49

OLSR with RPGM 45.64 | 53.21 | 59.37 | 62.66 | 60.7

OLSR with Pursue 46.67 | 55.46 | 60.01 | 63.9 |62.14

The graph obtained by change in average throughht the different number of
nodes is shown in Figure 5.9.
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5.6 Simulation Analysis

The simulation is done with three different paranedets. With parameter setl,
simulation of OLSR, AODV and DSDV routing protocdiave been performed and
results obtained from simulation is shown in taBld, 5.5 and 5.6) and on the base of
results graphs are drawn. From the Figure 5i%,adbserved that the packet delivery
ratio of OLSR is consistent and almost near to heshdoercent whereas packet
delivery ratio of AODV and DSDV decreases when tioele speed increase. And
from Figure 5.2, it can be clearly seen that at lmwde speed end to end delay of
OLSR is more than the AODV and DSDV but as the dpgenode increases the end
to end delay time of AODV and DSDV routing increasé&/hereas OLSR end to end
delay time increase little. So in case of end td daelay OLSR perform better than
other two (AODV and DSDV) routing protocol. Figue3 shows; the average
throughput of OLSR is consistent even when the rguked increase, but average
throughput of AODV and DSDV is getting down withethigh speed nodes. So from
the first part of results it can be seen that OL&fRform better than AODV and
DSDV in FANET.

With the parameter set2, OLSR protocol has beetiegppnder different mobility
models (Random Waypoint, Manhattan-Grid, RPGM andsie) in FANET. Under
parameter set2, same type of traffic and numberodes (20) has been used. In this
simulation, different speed groups (5, 10, 20, 80,and 50) are used to check the
performance of protocol under a fix simulation a468X600.

As shown in Figure 5.4, it is observed that OLSRhwiPursue mobility model
performs better in terms of packet delivery raftursue mobility models provide
almost 100 percent packet delivery ratio (PDF) eatra high speed of nodes,
whereas PDF of other mobility models vary from 8®® percent. Figure 5.5 shows
that, End to End delay of OLSR with pursue mobititpdels is low and it is almost
the consistent, whereas the other mobility mod&lsdom waypoint, Manhattan grid
and RPGM) have high End to End delay, Which leadthé poor performance of
OLSR for FANET. From Figure 5.6, it can be cleaslyserved that speed of node in
the FANET does not affect the throughput of OLSRermPursue mobility model, and
which is better than the other three mobility msdel
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With parameter set3, same type of traffic and ciifé number of nodes (10, 20, 40,
70, 100) has been used. In this simulation, nogdedparies from 5m/s to 25m/s are
used to check the performance of protocol undet simulation area 400X600.

As shown in Figure 5.7, it is observed that OLSRhwiPursue mobility model
performs better in terms of packet delivery raarsue mobility models provide high
percentage of packet delivery ratio (PDF) eventagh speed of nodes, whereas PDF
of other mobility models is comparatively low. Figu5.8 shows that, End to End
delay of OLSR with pursue mobility models is lowheveas the other mobility
models (random waypoint, Manhattan grid and RPGM)ehhigh End to End delay,
Which leads to the poor performance of OLSR for EAN

From Figure 5.9, OLSR with pursue mobility modeles better performance in terms
of throughput whereas OLSR with other mobility misd¢random waypoint,
Manhattan grid and RPGM) throughput is low.

5.7 Summary

AODV, DSDV and OLSR routing protocols are simulatesing NS-2. OLSR routing
protocol is simulated with various mobility moddandom Waypoint, Manhattan
grid, Pursue and RPGM. The performance analysisng by considering parameters
like end to end delay, packet delivery ratio an@rage throughput for FANET.
Simulation analysis results show that among thre¢opols OLSR routing protocol
with Pursue mobility model works better. So OLSRitmmg protocol with Pursue
mobility can be used for optimized performance ANET.
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6. Conclusion and Future Scope

6.1 Conclusion

In this thesis, performance of AODV, DSDV and OL&Rting protocols have been
analyzed in terms of Packet Delivery Ratio, End Hod Delay and Average
Throughput. The evaluation made on these protobalsgs out some important
behavior and characteristic of these protocols whey are used in FANET. It has
been observed that OLSR routing protocols workdebethan other protocols.
Comparison is made in terms of Packet Delivery d&Raind to End Delay and
Average Throughput for AODV, DSDV and OLSR. The gamson resulted that,
OLSR perform better for Packet Delivery Ratio, BledEnd Delay and Average
Throughput.

After selecting OLSR routing protocol as suitabk®tpcol for FANET, different
mobility models are simulated and analyzed for agerend to end delay and packet
delivery ratio with variation in speed of node. 8lation results show that
performance of OLSR varies depending on the vanain speed of node and
mobility models. Under the pursue mobility model SR performs better for
FANET, in comparison of Manhattan, Random Waypamd RPGM.

OLSR routing protocol is again simulated and aredyaising different mobility
model with variation in number of nodes. Simulatresults show that performance of
OLSR under the pursue mobility model is better F&NET, in comparison of
Manhattan, Random Waypoint and RPGM. So OLSR rgugirotocol with pursue
mobility model can be used to optimized the perfamoe of FANET.

6.2 Future Scope

There are certain limitations of flying agents doecharacteristic of mobile adhoc
network like- dynamically topology management, sgguand bandwidth and node
management. Another issue is Swarm behavior, bedaey work together to form a
network so how they interacts to each other als@ m@portance in communication.
This work can be enhanced by implementing OLSR Withse mobility model based
on requirement in the FANET.
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