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ABSTRACT

"Comparison of vehicular communication protocols using
OMNET++and NS-2"

SOUMAH MARIAMA
Advisor : Prof. Lee, Chung Ghiu, Ph.D.
Dept. of Electronic Engineering,

Graduate School of Chosun University

The network technology which is used to form a communication network by the use
of cars as mobile nodes is known as vehicular communication network. In VANET
(vehicular ad-hoc network), one of the vehicular communication network, there is a
significant role of routing protocols. Since the routing protocols play basic roles for
communications to be possible, it is important that the performances of the various
protocols are compared. Then, we are able to understand the advantages and disadvantages
of a specific protocols over other ones.

In this comparison study, I perform modeling and simulation using OMNET++ and
NS-2. I evaluate the performance of a set of well-known three routing protocols used in
VANET, namely, AODV (ad-hoc on demand distance vector) protocol, DSR (dynamic
source routing) protocol, and DSDV (destination-sequenced distance vector) protocol in
terms of packet delivery ratio (PDR), throughput, and normalized routing load (NRL).

I try to find out the suitable routing protocol for a example city of high density traffic
area, Casablanca. The real map of Casablanca is edited by Open Street Map (OSM), and
the “Simulation of Urban Mobility (SUMO)” tool is used to create the mobility model,
while the traffic model generation and the simulations are carried out using Network

Simulator 2 (NS-2).

Keywords: OMNET++, NS-2, Simulation, VANET, ITS, AODV, DSR, DSDV, OSM,
SUMO
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Chapter 1

1.1 Intelligent Transportation Systems (ITS)
1.1.1 What are ITS?

Intelligent transport systems can be explained as the technology that is currently
applied to transport infrastructure (traffic and transit systems, road networks) to:

1 Manage traffic

2 Reduce congestion

3 Improve mobility and safety

4 Increase the efficiency of existing transport infrastructure

5 Allow users to make informed decisions

6 Integrate technologies and knowledge to create innovative services

Intelligent transport systems (ITS) apply to transport technologies of information
and communication. Computers, satellites and sensors are playing an always
increasingly big role in our very complex transport systems. ITS as such are
instruments that can be smartly used under different conditions for different
purposes. ITS can be applied in every transport modality (road, rail, air, water)
and can be used by both passenger and freight transport. Examples of ITS are
as follow:

Traffic and Transit Management
Commercial Vehicle Electronic Clearance
Global Positioning Systems

Weather Information System

Real Time Traveler Information

Traffic Signal Systems

* 6 6 ¢ o o
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1.1.2 Importance of Intelligent Transportation Systems

The importance of ITS relies on the communication link that it provides among
the infrastructure the vehicles and the people, for reducing the accidents and get
better communication among the elements of this system. This is done by
communicating among other things the direction and speed of each vehicle.
Additionally ITS betters the safety, convenience and productivity of the
infrastructure that already exists, for example by communicating traffic jams,
road reparation and most broadly speaking any unexpected situation that could
cause safety or productivity issues.

With worldwide population increasing congestion 1is also increasing, and
available funding and territory for new roads is also diminishing, this could be
addressed with the implementation of ITS.

The following diagram illustrates the components of ITS:

Information
Communication
Technologies

Fig. 1-1. Components of ITS

Usually Intelligent Transportation Systems (ITS) are introduced as tools to
manage urban high congestion and balanced travel demands by improving
safety, operational capabilities and transportation efficiency. ITS technologies
strongly improve transportation safety and mobility, reduce the impact on the

_2_
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environment, and enhance productivity by integrating into the transportation
infrastructure and vehicles advanced communications-based information and
electronic technologies.

The ITS systems collect and process data to analyze, regulate and track vehicle
movement on roads in an effective way, to enforce traffic rules for safety and
security of all.

ITS applications are quite ample and variegated, some of the applications of
ITS can be on cars (intelligent vehicles), and on infrastructure (intelligent
infrastructure).

We can better understand how ITS works by analyzing the following image that
includes various kinds of vehicles, infrastructure and environment, in the image
we can notice that intelligent vehicles share information among each other.

Fig. 1-2. ITS Application on cars (Intelligent vehicles) [1-1]

“Collection @ chosun



1.1.3 Traffic enforcement systems in ITS.

Traffic enforcement systems in ITS detect vehicles that are breaking traffic
rules and regulations and are able to automatically send traffic tickets to the
offenders. These systems require of specific cameras to monitor the vehicle
behaviour [1-2].

The devices needed to put in place a traffic enforcement system include: Speed
cameras that have radars to detect a vehicle's speed or electromagnetic loops
that are buried under the lanes of the road, to detect vehicles that cross a stop
line red light cameras can be used. Many cities have exclusive bus lines and
also high-occupancy lanes that can be enforced with the use of special cameras
as double white line crossing can also be enforced with the use of ITS and
specific cameras that detect the rule violation and later on, through mail will
send a ticket to the vehicle that has been identified by its licence plate [1-3].

The following figure illustrates Traffic enforcement systems in ITS:

“Collection @ chosun



Fig. 1-3. Intelligent Transportation System [1-3]

1.2 Vehicle-To-Vehicle Communication (V2V)

1.2.1 What is V2V?

V2V communication is based on DSRC (Dedicated Short Range
Communication). DSRCs are wireless communication channels very secure,
which cover short to medium range, high-speed, that allow vehicles to connect
among them for short periods of time and interchange information. Through
DSRC, two or more vehicles can exchange data regarding their direction,
distance, speed and acceleration. This can notify in real time all vehicle drivers
about things like relative speed of the other vehicles, lane change and
approaching vehicle trajectory [1-4].

To enable vehicular communications, when vehicles are in transit on highways
and major roads, it 1is necessary a branch of telecommunications with
information and communications technology. GPSs track and monitor locations,
movements, status and behavior of the wvehicles. Vehicular communication
systems comprise of GPS module which communicates with “On board units”
(OBU) to generate safety messages, which are later transmitted and received by
RF transceiver modules. In order to have complete communication between two
vehicles, we need to comply with the following two conditions.

First, an accurate and trusted safety message has to be transmitted.

Second, receiving & interpreting of the same message by another vehicle has to
be confirmed [1-5].

The safety messages that are received are displayed on the display panel.

The following figure illustrates Vehicle-to-Vehicle Communication:
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| \
Fig. 1-4. Vehicle to Vehicle communication [1-6]

V2V communications utilizes many forms of wireless components and form a
vehicular ad hoc network on the road. The "Wireless Access for Vehicular
Environments" V2V standard works on the lower-level and uses 5.9 GHz band.
The area in which ITS communication is usually used is 300m which is about

the area thata a vehicle can cover travelling at highway speed for 10s [1-7].

1.2.2 V2V communication system

V2V, which means vehicle to vehicle communication system can be explained
using the figure below, as we see in the figure 1.5, the orange vehicle receives
the messages that are transmitted by the surrounding vehicles in an area of 300
meters with a 360 degrees radius, to allow the safety and to detect the threats

of accidents [1-8].
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Fig. 1-5. V2V Syste

m [1-9

In contrast to the V2V communication system, we can analyze the conventional
system. It is an system that includes a camera for each corner in the back of
the orange vehicle and a long range camera for the front view of the vehicle.
With these cameras the orange vehicle can detect the vehicles present in front
of it or in the rear blind side where the driver can not clearly see. The blue
shadow in Figure 1.6 shows the area that is covered by the blind side cameras,
with the sensors shown, the conventional system can only detect and reliably
monitor only two of the vehicles shown, the vehicle directly ahead and the
vehicle in the blind area to the left rear of the orange vehicle.

The latter is much less detailed than the V2V system using a single GPS
sensor and DSRC communications that can warn of threats from any direction

Collection @ chosun



Fig. 1-6. Conventional System [1-10]
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Chapter 2 Introduction to OMNET++ and NS-2

2 Description of OMNET++

2.1.1 What is OMNET++?

OMNET++ is a modular, component-based C++ simulation library and
framework. The use of OMNET++ is to simulate, model and make various
kinds of networks. OMNET++ provides a component structure for models.
Components (modules) are programmed in C++, then combined into bigger
components and models using a high level language (NED). OMNET-++ works
as a simulation framework it provides the infrastructure for writing simulations
[2-1].

2.1.2 Model a simulation

A simulation in OMNeT ++ 1is like a structure of modules which are
independent among each others but also closely related, these modules
communicate with messages and together form an OMNeT ++ model. These
modules are considered as building blocks, that can be put together; Modules
can be single modules or compound modules, where compound modules are
various simple modules combined together. This is illustrated in Figure 1.1
[2-2].
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Network Simple module

,/7
Compound l'I'IUV/
]

[De—>{]) (e}

Fig. 2-1. Model Structure in OMNeT++ (from OMNET++ manual [2-3])

2.1.2 Network Description (NED) File

The NED file is a language that describes the resources that we use to create
the Topology in OMNET++, it helps to simulate the Nodes, and also to
connect the nodes. This is done through an graphic and text interface. The
NED file is made of various modules, for example: the module for the
management of connections, the module to collect the results, the module to
manage the structure of the nodes.

The NED file uses graphical interfaces to manage the positioning function and
to define the areca in which the simulation will be run [2-4].

2.1.4 INI File

The INI file is a file that contains the values of the parameters that we utilize
when we start the simulation, it contains the initial value of the modules.
Through the INI file we do the configuration of the details of the scenario.
Additionally through the INI file we can also make the changes required in the
scenario.

2.1.5 Result Analysis

One of the features of OMNeT++ is the graphical interface it has, wich can be
used to analyze the results. OMNET++ allows us to see the results in various
types of graphs that can best suit the user. These graphs can also be formatted

_']0_
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according to the preference of the user. Additionally the results can be extracted
to be filtered or sorted more easily and hence help the analysis according to
the needs of the user [2-5].

2.2 Example simulation OMNET++

As previously mentioned the structure of the simulation should be defined by
the NED language. If the User wants to create simple modules and/or connect
them this should be also done with the NED file. In the example below we
can see a network, which is defined as the connection of tow or various simple

modules.

B2 MNetwork.ned &3

——

L —1

tic toc

Fig. 2-2. NED File (from OMNET++ simulation)

The edition of the NED file can be done either graphically or by text, this
makes it particularly easy to manage. In the following image we can see an

example of the NED file text editor:

_']']_
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2 Networkned (3 Trcned
network Network
{
submodules :
tic: Txe;
toc: Tve;
connections:
tic.out --5 {delay = 106ms;}--> toc,in;
toc.out --> {delay = 126ms;}--» tic.in;

i Networkned | 4 "Tuened &

simple Txc
gates:

input in;
output out;

Design | Souree

Design Source

Fig.

it Netwarkined

i\lemork

4 *Tcned

b Ty

e

J—U

toc

simple Txcl

gates:
input in;
cutput out;
}

/!

// Two instances (tic and
connacted both ways

// Tic and toc will pass m
another.

//

network Tictocl

submodules:

tic:

4 ttictoct.ned &

Tm
Tictuu

toc: Txel
connections:
tic.out --> {
toc.in;
tic.in <=- {
toc.out;

2-3 NED File (from OMNET++ simulation)

2.2.1 Create the configuration ini file

delay = 100ms; } --»

delay = 100ms; } <==

By creating the ini file we do the configuration of the simulation environment.

It utilizes the standard interface of the execution of the simulation and allows

control over the execution of simulations. It is written in C++ and compiled

into libraries. The figure below is a picture of the execution environment.

Collection @ chosun
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[¥) omnetpp.ni 2 S8 (b omnetppini 2 = p
[General]

nabubrk = Nsbunak v Configuration r{ A
General N General
Seenarios I
Random Numbers
Result Recording Nebwork
| Debugging Network to simufate: | Network
! Event Lo :
Same name as declared i
L ) | Stopping Condition
inside the NED file S . Ny
Theny Simulation time limit: | ¥
Btensions CPUtime it | ¢
t Parallel Simulation T
{ - Real time fimit: . ¥
Sections
Parameters Other
Simulation time resolution: P
v
¢ 2| ¢ )
Form | Source Form | Source

Fig. 2-4. NED File (from OMNET++ simulation)

2.2.2 Launching the simulation

When we plan to start the simulation this will happen in the OMNeT++ IDE,
this makes it possible to run simulations from the integrated environment. The
simulation is run in C++. The user can also run the simulation as a single
simulation or run group simulations that require much more variables and

parameter settings than the single simulation.

_']3_
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| Bl OMMeT+ - /Citeny (release) - General 20 - amnetpp.ini - Eomnetpp-3.Dsamplesitictoches — [} =
File Semulste Inipect View Help

G G oMk M = ® nest 24| [0z 400z 000u: 000n: 000:: |
Hext: tictoehag (omnetppocMessage. id=0) [in: Network.tic (Txe, id=2) Ak 0.5 noweOs) ]
[fe1 —+ = +- |

o[BS Peetwork (Metw... | & 3 A ruadd % e 5 E:A'

H scheduled-even... || -

% H Bty =
| [ Metwork f"tl‘wﬂrk:
» Rt (Tec) ids? f

B to< (Tac) id=3

toc
L < > |
s » . = |
+ Imirializing channel Re o W il gJ_,

[e= i Indicializing channosl HeTwork.ooc . ous channsl)
ng mcdules Hecwork, stage O
=z Indcializing module Hetwork.tic, atage 0

srik.most Inlelalizing moedule HeTwork.tod, Stage o |
| ff Event #1 o=0.l MNetwork.too (Txe. i4d=3) on tictocHay (omneipp::q

me Event #2 t=(.2 Metwork.tic ([(Twos; fded) on tictocHag {oenetpprrid
| s wvenc #3° c=l.3 Heowork.toc (Ixc, fd=3) on TictocHsgy (omnecpp: L‘

| >
Aol 1L -
General #0: Network (Mg stats: 1 scheduled £ 1 existing /1 created

Fig 2-5. Launching the simulation program (from OMNET-++ simulation)

2.2.3 Visualizing on a sequence chart
For visualizing the results of the simulation we enter the Omnet
ini file and extract the results in a chart, as shown below. The image below

shows the results related to the simulation parameters that were originally

recorded for the simulation.

_14_
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¥ omaetppini | & General-#0elog £

{os| Lms &ms 120ms 150ms 1300 200ms
Positian: Os
Range: 200ms
Networktic L
38, A=
% /,.
\ b
T,
. A
™ tictacMeg A it Msg
P
3 o
" g
N S
Netwark.toe \\._.//
KT
|CS dms &ms 120ms 150ms 190 200ms

Fig. 2-6. Visualizing on a sequence chart (from OMNET++ simulation)

2.3 Description of SUMO

2.3.1 What is SUMO (Simulation of Urban MODbility)?

SUMO is an open sourced fast road traffic simulator developed using standard
C++ for Transportation Systems. SUMO models the mobility of the vehicles in
a microscopic manner, this means that every vehicle in the simulation is
modeled independently and has its own route. The other characteristics specific
to the vehicle such as acceleration, deceleration and length vary between types
of vehicle. Additionally some of the applications that are listed below are used

in this thesis work:

_']5_
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* Sumo-GUI : allows to have a Graphical User Interface for the simulation.

* Netgenerate : Allows the user to generate three types of abstract networks;
grid, spider and random.

* Netconvert : It allows to import the road network from different format files
like maps from OpenStreetMaps and generate a road network that conforms
with SUMO’s format [2-6].

* Polyconvert : Enables the import of other components such as buildings. This
1s an important feature because it will allow to make a simulation more similar

to the real world [2-7].

XML_edges file

XML_nodes file NETCONVERT
XML_connections file [—— tool

XML_types file
HML_altitudes file (*)
XML_netwaork
file==)
SUMO
XML_ mut tool
ﬁlc— (==}

QL consumption
file (=)
(*) added files

{**}) modified fles

simulation
Output

Fig. 2-7. Simulation process with SUMO [2-8]
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2.4 NS-2

2.4.1 What is NS-2?

The Network Simulator Version 2 is the software simulator that we used to do
the protocol simulation in this thesis, it is open source, and it is specialized in
research on computer communication networks. NS2 can be used for wireless

and wired networks and it is relatively simple to use [2-9].

2.4.2 Features of NS-2

Two languages make the NS2: C++ and Object-oriented Tool Command
Language (OTcl). One language is wused for the Internal mechanism of
simulation, the C++ defines the internal mechanism of the simulation objects,
and the other language, the OTcl, makes the external mechanisms of the

simulation [2-10].
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Chapter 3 Simulation Model and Setup

3.1 Simulation Setup

3.1.1 Objective

In this thesis we plan to do a simulation and do a performance comparison of
two types of routing protocols, reactive routing protocols (AODV, DSR) and
proactive routing protocols (DSDV). With the use of these protocols, we do a
comparative analysis to understand the quality of communication between the
different nodes communicating, to reach this goal we will use the following
variables: packet delivery ratio (PDR), throughput and normalized routing load
(NRL). Network Simulator (NS2) will be used for the topology. The simulation
results show that the network using routing protocols can provide quality status

changes with low control overheads [3-1].

3.1.2 Random Waypoint Mobility Model
The Random Way Point Mobility Model changes speed and direction of the

vehicles by including a pause time for the vehicles.

3.1.3 SIMULATION SCENARIOS

To define the most efficient model to perform the simulations, three different
traffic protocols are taken into consideration.

* Real world, a famous intersection in the town of Casablanca is extracted
using an Open Street Map (OSM) which is then imported into SUMO. The
vehicle speed is defined to be the maximum speed authorized by each routing

protocol.

_']9_
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* Motorway scenario, a multi-lane motorway for traffic is considered.

* The map, a 1000 x 1000 map is a mobility model that consists of vertical
and horizontal roads for this road network structure. The wvehicles in the
scenario move at maximum speed.

as shown in the map network scenario in SUMO.

In Fig. 3.1 we can see the result of the model:

b Lecste - Simulation  Wrdows  Hedp

i IR | oo e [ 22 o

fllrosiwaria S Bl 48

Fig. 3-1. Traffic mobility model file in SUMO (from OMNET++ SUMO
simulation)

The commands used in SUMO for this simulation to generate the targeted

model are:

Netconvert: generates roads net-works

Polyconvert: imports geometrical shapes (polygons—buildings)

Ramdomtrips.Py: is used to generate random routes

{raceExporter.py: to generate the following three files: activity.tcl, mobility.tcl
and config.tcl.
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3.1.4 PROPOSED METHODOLOGY

1) Design the Simulation using DSDV, DSR and AODV routing protocols.

2) Use different mobility models for each of the routing protocols.

3) Analyze the results using the following performance metrics: PDR,
Throughput, Network Routing Load.

4) Define Decide in what scenario which routing protocol gives better

performance.

3.1.5 PERFORMANCE METRICS

1) Packet Delivery Ratio (PDR)
This indicator is calculated by dividing the number of packets received by the

number of packets initiated. It defines the packet loss rate [3-2].

2) Throughput
Throughput is calculated as the percentage of the initiated messages that are

effectively received by the destination. It is measured in bits per second [3-3].

3) Normalized Routing Load
Represents the effectively received number of routing packets at the destination

over the totally sent packets [3-3].
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3.1.6 Parameters of Simulation

In this work we used the NS-2 network. We have simulated three routing
protocols AODV, DSR and DSDV. We used 150 nodes and the layout topology

for the nodes is a grid topology, ie 1000m x 1000m. The simulation time is

200s.

Table 1. Parameters of simulation

Parameter

Network simulator
Mobility simulator
Map model
Routing protocol
Type of traffic/routing agent
Rate

Number of vehicles
network size
Mobility model
Propagation model
Simulation time
Channel type
Antenna type

Mac protocol

Value

NS-2, 2.25.3 version
SUMOV.0.26.0

OSM(city Casablanca)
AODYV, DSR and DSDV
CBR/UDP

8k

25,50,100,150
1000x1000

Random trip model (RTM)
Two ray ground

200ms

Wireless channel

Omni antenna

IEEE 802.11

3.1.7 Simulation of Traffic Generation Model

In this protocol comparison analysis, we used the NS2 simulator which is open

sourced. For creating CBR traffic connections between wireless nodes, we used

script ‘cbr-gen.tcl’. In Fig. 4.6 we can see the NAM file that was generated.

Collection @ chosun
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Chapter 4 Protocol simulation

4.1 Protocols and simulation

4.1.1 What are Routing Protocols?

Routing protocols define how routers communicate among each other to share
information that allows them to select routes between nodes on a computer
network. Routers direct traffic on the Internet; data packets go to their
destination thorough the internet. Routing Algorithms determine the routes of
the packets. Internet has high availability and fault tolerance because it allows

to modify connections and components and route data around obstructions.

Among the ad hoc routing protocols we can find proactive and reactive

protocols:

Proactive routing protocols keep routing information consistent and up-to-date
with periodic routing exchanges between neighboring nodes. DSDV is a

proactive routing protocol.

Reactive protocols do not require to keep the routing information updated for
improving the use of resources. Nodes start exchanging information once a

reply is received. AODV and DSR are reactive routing protocols.

In reactive routing protocols, analysis is done in two main stages:
v Discovery of extinguishing

v" Route maintenance
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Topology bases routing protocol

Proactive Routing protocol Reactive Routing protocol

DSDV AODV, DSR

Fig. 4-1. Classification of routing protocols based on topology

4.1.2 AODV Protocol

AODV uses the destination sequence number. Mobile nodes respond to any
change in network topology and link failures on time. AODV uses various

types of messages to find the route from source to destination. AODV does

two operations: route maintenance and route discovery. [4-1]

4.1.3 Route discovery

In AODV routing, whenever a source has any data to transmit to a new
destination, it sends an RREQ message for that specific destination. The node
of a neighbor receiving the message verifies, with the ROUTE-ID message if it
previously received the same request before. If it is not the intended destination
and has no current route to the destination, it resends the RREQ and at the

same time a return route to the source is created.

_25_
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4.1.4 Route maintenance

After the exit has been established, a route maintenance protocol provides
feedback on the route links and allows route modification, maintenance of the
established, discovered route is necessary for two main advantages: the network

and to reduce the excessive overhead required for new discoveries [4-2].

4.1.5 Advantages

1. Generation of routes on request or on demand.

2. Sequence number of destinations helps to search the recent destination.
3. Low delay in connection start.

4. Route maintenance is supported by the HELLO message.

4.1.6 Disadvantages

1. In-between nodes causes inconsistent route due to inactiveness source
sequence number.

2. Route reply packets response through single route request packet generates
high control overhead.

4.1.7 Feature

1. On demand generation of routes with little delay.

2. Meaningfully recovering of link add/remove in operating routes.

3. Independent from loop with the help of sequence number.

4. Tracing appropriateness of information with use of sequence number.
5

Storing only tracing of next hop information rather than whole route
information.
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4.2 AODV Simulation
The NED files represent a node that has received messages and show the

nodes are within the other range of transmission.

e Edit Source View Mavigate Search  Project Run  Windew Help
i THOEE R R R A RS IR AR
i Project Bx 1] =0 || e AODVMetwork ned B AQDVSmalMNetwar £ ¥ smastpp.n - b = |
=k A g5 1
I package metexamples sady = Paente ;
w o sodv & | [y Selector
s results s - :
14 AODVNetwork @ SmipFRE ¥ % Sonmeson
5 ACDVSmalike - = Fypes -
o dynamicxmil w M m
rnguoynamm “ 18] ;‘- (1)
[¥] omnetpp.ini v i S
) README gerder 24 Submodules e ¢
| simpleLifecycl Ll AccessPomt (L.
E& Static.ant . .
» (= bgpwd configuratas § AdhocHost (...
(2 commumicatione § AcdvRouter (i..
v 2= dhep |-:_J Applicationla...
(=9 L
&y diffsery W i F & BgpRouter in..
[ 4 ¥ | ’ s
S, e 4 & BGPRoutertx |..
dpe 8 g2 0| & intermedintatiade & BGPRouterSi.,
M~ & BurstHost fine...
net/examp...mnctpp.ini & Corresponden..,
i DsdvRowter {1
Resource Prn  Value reutingTableRecorder {
= Infe s v 1 DymoRouter (.
Talze < [TH P it
A [esign | Source
:’;W't"' {*) Problems |5 Module Hiera | 7+ MED Paramet | T¢ NED Inheritan ) Consele £ =0
- Y PUECE
et sodv [OMNeT= = Simulation] C\Users\chosur’\Downloads\ omnetpps 3.5 1 -sro-windows\omnetpp-5.5.14
-~
.;::;;-‘u... Loading images from ‘Ci'Wsers'\chosun'Downloads\omnetpp-5.5.1-src-windows\omni

Leading images from 'C:\Users\chosun'\Downlonds)\omnetpp=5,5.1-src-windows \omni

Fig. 4-2. AODV NED language Description

Fig. 4.2 is illustrations of the progression of the network simulation using

Tcl / knev graphical environment.
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Fig. 4-3. AODV Screnshot

Figure 4.4 shows Wireless Hosts contains routing, mobility, and battery
components. This is a typical mobile node that can participate in ad-hoc

routing.
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Fig. 4-4. The network activity shows the AODV overhead

Fig. 4.5 shows the sub modules in ad hoc networks, Hosts are clearly

organized as the layers of TCP/IP protocol and some sub modules

compound modules. The components on the left side of the image facilitate

communication between sub modules as well as communication with the other

modules.
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Fig. 4-5 The internal structure of AODV

4.3 Dynamic Source Routing (DSR)

The DSR determines and maintains routes dynamically and ensures quick
response by delivering data packets successfully. When data is sent from the
source node, a route discovery mechanism works and the PREQ message is
transmitted to all nodes in its neighbour. All of these nodes add each unique
identifier to the PREQ message. When the data reaches its destination a PREP
message is generated. When a route failure happens, the nodes create a PEER

message and the buffer is updated.
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4.3.1 Advantages

1. It does not create routing loops because a single node determines the

complete route.

2. It does not need to store or update routing information of the packets

because all the routing information is already contained in the packets.

3. The intermediate nodes don't need to discover other routes because they
already have all this information in the route cache and they utilize it

efficiently.

4.3.2 Disadvantages

2. The overhead is carried by every packet.

3. Broken link does not repaired through route maintenance mechanisms
4. The connection start up delay is higher than AODV protocols.

5. Increase of motion causes the the performance to decrease.

N

. Routing overhead is directly proportional to the length of the path.

4.3.3 Features
1. Establishing of route with less delay.
2. Repairing of broken link in active/ working routes.

3. Sequence numbers allow for loop free activity and are used to ensure the

accuracy of information.

4. Only carry trace of next hop for a single route rather than full/ whole route
[4-3].
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4.4 Sequenced destination distance vector (DSDV)

The Sequenced Destination Distance Vector (DSDV), is a table-driven routing
scheme based on the Bellman-ford algorithm. The improvement to the
Bellman-Ford algorithm includes the absence of loops in the routing table using
sequence numbers. In this protocol a periodically updated routing table is kept
in each node, even though routes are not needed. A sequence number is
associated with each route to avoid routing loops. The new external broadcasts
have a wunique sequence number as well as all the message required
information. The most recent sequence numbered route is used. The mobiles
also keep good track of the route setting time, or the weighted average time

that the routes take before receiving the route with the best metric. [4]

4.4.1 Advantages

1. It is simple same as distance vector.

2. Independent from loop with the help of sequence number of destinations
3. Free from latency.

4. Less delay.

4.4.2 Disadvantages

—

. No unconscious nodes/ activeness node.

2. Suffer from overhead.

3. Update Needed regularly.

4. Consumes more power and bandwidth is less.
5

. Not supported dynamic networks.

4.4.3 Features
1. No worldwide change of topology

2. Maintaining of information of routing for all popular destinations.
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3. Periodically manipulation of routing information.
4. Overhead related to traffic

5. Maintenance of unused routes.
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Chapter 5. Results and Analyses

The experimentation of this research work was implemented using the NS2
network simulator. In total, 150 nodes are given to find the performance
metrics of PDR (Packet Delivery Report), Throughput and Network Routing
Load Consumption (NRL). The simulation were done with the following
protocols: AODV, DSR, and DSDV.[5-1],

In this chapter we will analyze the performances of the mentioned protocols.
On the basis of the performance comparison an efficient routing protocol is
selected which support the small and the large network efficiently with less

resource consumption.[5-2]

A simulation using NS2 simulator is presented and with the increasing traffic in
network the performance is computed using the trace files. For this simulation
we selected until 150 mobile nodes, with a simulation time of 200s, the nodes
move in a 1000-meter x1000-meter square region. . In this work we perform
simulations using different number of nodes 25, 50, 100, and 150. The
following graphs show the comparison between the protocols, two mobility and

non-mobility scenarios based on the metrics mentioned before.

5.1.1 Packet Delivery Ratio (PDR)

In Fig. 5.1 we have observed a slight advantage in DSDV when the number of
nodes is higher than 150 nodes in mobile network.

When the number of vehicles is 25 AODV and DSR have the higher PDR %.
We can notice that when the number of vehicles increases all the analyzed
protocols’ PDR % decrease but the DSDV’s PDR% decreases at a lower rate
than the AODV and DSR’s.

_34_

Collection @ chosun



60,00

50,00

40,00
g
E 30,00 —=A0DV
e ~8-D5R

20,00

—i—050Y
10,00
0,00
25 S0 100 150
Number of vehicles

Fig. 5-1. Number of vehicles versus packet delivery ratio

5.1.2 Throughput

Fig. 5.2 is measured in bits per seconds, measures the number of packets
delivered per second. DSDV protocol gives a better Throughput after 150 nodes
if compared with AODV and DSR. DSDV performs with a more stable path if
compared with AODV and DSR.
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Fig. 5-2. Number of vehicles versus throughput.

5.1.3 Normalized Routing Load (NRL)

Fig. 5.3 shows the normalized routing loads of AODV, DSDV and DSR
protocols with constant pause time 0 seconds and mobile nodes from 25 to
150.

X-axis represents the number of mobile nodes & Y-axis represents normalized
routing loads.

Experimental results show that the NRL of DSDV is notably lower than the
NRL of AODV and DSR when the number of mobile nodes increases.

Because of the requirement of more routing packets to maintain transmission of
messages by AODV and DSR, these protocols are more inconsistent and have
worse normalized routing loads than DSDV.
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Fig. 5-3. Number of vehicles versus normalized routing load.
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Conclusions

In this thesis, I have performed a comparative performance analysis of two
reactive protocols and one proactive protocol in terms of following variables,
packet delivery ratio, throughput, and normalized routing load. The reactive
protocols include AODV (ad-hoc on demand distance vector) and DSR
(dynamic source  routing)  protocols, and the  proactive @ DSDV
(destination-sequenced distance vector) protocol.

The results showed that AODV outperforms DSR and DSDV for the lower
number of vehicles analyzed, while DSDV outperforms AODV and DSR when
the number of vehicles increase.

According to this performance, it is concluded that the less the number of
vehicles is, the more appropriate and suitable the reactive protocols such as
AODV and DSR are; when the vehicles are more, the proactive DSDV protocol
shows better results.

It is expected that the simulation methodology using OMNET++ and NS-2 can
be applied to investigate the characteristics of various vehicular communication

protocols and networks.
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