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ABSTRACT

Vehicular ad hoc network (VANET) is a very wide aref research due to various types of servicesoitiges.
It is considering as essential part of Intelligdinansportation System (ITS). It is a wireless tetbgy that helps to
improve the road safety and driving assistance. WMs a 4G technology, currently using by variouslustries &
institutions. WIMAX is a wireless telecommunicatiprmotocol which provides many advantages due thigh speed and
large coverage area. VolIP is a methodology forezaiemmunication & transmission of multimedia sessger Internet
Protocol (IP) networks. These three networks presid high variety of services when combine withheztber. But there
are also many challenges that need to be pointptbtade a better quality of voice communicatioraimy network. In this
article, we estimate the performance of variousP/obdecs with WiMAX in different network conditiord Highway
over VANET. There are some parameters such as &hiohd delay, average MOS, average jitter, throughgwerage
delay and signal received with error has takernviduaite the performance and quality of voice cotioes and also helps

to find out that which factor affect most the telagnunication media quality over VANET.
KEYWORDS: VANET, Wi MAX, Codec, IP, Bellman-Ford

1. INTRODUCTION

VANET is a wireless communication technology, whisttonsidered as an extension of MANET [1]. Ingelht
Transportation System (ITS) provides a set of saeshdor VANET to develop intelligent vehicular nexk in future [2].
In VANET, the moving vehicles are assumes as mainles or routers in wireless networks to creathile network.
It allows vehicles to communicate and create a otwith wide range. VANET is useful for enhancidgving safety,
providing many applications like vision enhancememeather warning, collision avoidance, driver stssice, online
gaming, infotainment etc. The main characterist€sVANET are high dynamic topology, unlimited bagtepower,
sufficient bandwidth, high storage capacity, s#dtelhavigation system, frequent disconnected ndtwoommunication,

environment etc [3]. Voice communication is an imtpot part of many applications of VANET.

WIMAX was developed by WIMAX forum in June 2001. MAX stands for Worldwide Interoperability for
Microwave Access, which is a wireless communicastandard. It comes under the IEEE 802.16 familyictv provides
Broadband Wireless Access (BWA), upto 30 milesfired stations and 3-10 miles for mobile statiods [The high
bandwidth and speed of WiMAX makes it suitable fieany services such as providing mobile broadbamhextivity
over a large geographical area, providing datectghmunication and multimedia services. There ammigntwo devices
are used by WiIMAX network to provide internet coctivty: Subscriber Stations & Base Stations. Thes® Stations
provide wireless coverage over a specific areachvig also known as cell. It is similar to the cepicof cell phone
towers. Any wireless device within coverage areallddoe able to access the internet while the sillcstations are

works as receiver, which gets services from baatioss. WIMAX uses OFDMA (Orthogonal Frequency [Bion
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Multiple Access) at physical layer, which is useet@wode digital data on multiple carrier frequesadts.

VolIP stands for Voice over Internet Protocol, whista telecommunication technique to manage theatgl of
voice information over the internetwork [6]. The f?ds use to send voice information by discretekpescof digital form.
The major benefit of VolP is that it avoids the wharges by ordinary telephone services. CurreibtP with WiMAX
over VANET is emerging as infrastructure networkieth provides telecommunication services over wselbroadband
with reliability and cost effective way. Yet, it facing many problems and difficulties due to mdagtors of VANET
such as high velocity of vehicles, fast changingotogy, frequent disconnections, security problend dimited

communication range, which abate the performandeqaality of Voice communication.

The purpose of this estimation is to test the perémce of different VolP codecs in WiIMAX network thi
different traffic conditions of VANET with the helpf QualNet simulation tool.

The rest of the paper is organised as follows:Rbated Work is discussed in section Il. In thetiseclll, we
explain the evaluation model & simulation tool. Tsienulation and result analysis of VolP codecs WHIMAX are

discussed in section 1V. Finally, we conclude oarkivn Section V.
2. BACKGROUND AND RELATED WORK

The performance of VolP applications using varinasvorks and technologies have been pointed inséggon.
There are many research works have been done tgzarthe VolP performance in WiMAX network using Neular
networks. Adhicandra [7] has find out that datan$farring and telecommunication can be done in WXvidetworks.
Tucker [8] discussed the various factors whichaiffee network performance and also find out thaw WiIMAX deals
with them. Pentikousis et. al. [9] has taken adix®MAX network for estimating the performance 0bN? in terms of
MOS, packet rate, cumulative good put and same tate. Imran Tariq et al. [10] presented the omeamsent of the
capacity of WiIMAX network, but they didn’t evaluatiee VolP performance regarding throughput & deBgalabrino et
al. [11] focused on VolP performance using testsbader WiMAX. Alshomrani e. al.[12] also discussbé QoS of VolP
over WIMAX but they all didn't done these works WANET. Although Martelli et. al. [13] measured théolP

performance over IEEE 802.11p Vehicular network,thay didn't used V2I networks to measure its parance.
3. EVALUATION MODEL AND SYSTEM DISCRIPTION

There are following evaluation model has propogemhéasure the performance of different codecs dP\Wath
WiMAX over VANET:

* Routing Protocol

We have used Bellman-Ford routing protocol for simulation [14]. It is used as distance vector irgut
protocol. It is also known as Ford-Fulkerson Algfum, in which every router has to maintain a distatable, which gives
the information of distance of nodes in network anolvides shortest path to send packet to each. fideeinformation of

table is update every time, when the informatioexishange with neighbour nodes.
e H.323 Signaling Protocol

We have used H.323 protocol for multimedia sigrilprotocol at application layer of our network szeo.

H.323 protocol was the first standard based VotRrielogy which was introduced in May 1996 by ITUlTdefines the
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protocols to provide audio-visueabmmunication sessions on apacket network The H.323 standard addresses
signaling and control, multimedia transport and toap and bandwidth control for po-to-point and multi-point

conferences [15] [16].

» Simulation Tool Description

We use QualNet 6.1 simulation tool to evaluateghality and performance of video and services [1i7ls a
network simulator which examines the behaviourystesm in virtual computational world. QualNet i€@mprehensivi
suit for modelling large wirg and wireless network. It is composed of the feilg tools: Architecture, Analyzer, Pacl
Tracer, File Editor and Command Line Interfaceartivides an absolute environment for designingquals, creating an
animating network scenarios and analg their performanceNe have proposed an approach for this work. livergas

follows:

1, Scenario Creation

Configuring General
Parameters and Network

Topology
| |
Place Nodes with i i
Input $ Mobility Setting, Subnets 2. Scenario S ; Output
& VolP Application Traffic Execution

|
Cnfiguration of Subnet
and Network Protocol
Stack

Figure 1: QualNet Simulation Framework for ProposedApproach
The simulation framework consist four ste

Step 1: First step explains the scenario creation, whiclnsist three parts. The first part describes

configuration of general parameters like area, ktmn time, terrain etc

Second part include node placement with settingilitylccording to need, placing wired and wirelesgnets

and connected them to mobile nodes through linkenTset VolP applications over the network froment@inode

In third part, the configuratioof subnet and network protocol setting is dorfee Subnet are configure accord
to protocol stack. It also include channel confagion, which depend on the number of base statnare using in oL
network. Then the listening and listenable chis are set at physical layer in accordance withnobblzation.
Then physical layer protocol & MAC layer protocslset to 802.16 & network layer set to IPV4 prots; After it, set

Bellmanford as routing protocol. In applicaticayer, the H.323 is set as multimedignalin¢ protocol.

Step 2: Second step is scenario execution, which contdiasvisualization part of QualNet, which incluc

simulation compilation and scenario executionhtis both, simulation time & real timt the time of scenario runnir
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Step 3: The third step contains the collections of staistwhich has came after execution of scenario.

The statistics collection are gives statistics itesaccording to the layers.

Step 4: The last step include analysis of results. Thip $telps us to evaluate the results of differenisties

files of various scenarios, and conclude the output
4. SIMULATION AND RESULT ANALYSIS

* Simulation Setup

According to the approach, we have created two astes for two types of networks conditions: Spaasel

Dense network. The scenarios are as follows:

= |n‘ |mn 200 300 400 500 00 700 800 200 1000 [1100 [1200 [1300 1441? = e B
| | | 1 1 | 1 | | | L | | | | L 1 |

Figure 2: Highway Sparse Network Scenario

Scenario 1:The Highway sparse network scenario is illustratefigure 2. The 2000 x 500 area has taken for
creating the two lane highway in this scenarishidws the distribution of 30 vehicles over 2km kgl with three base

stations, each has its own subnet connected vgtbup of vehicles. The VolP application has taketraffic generator.

|u 100 200 i 300 400 ‘ 500 600 700 | 800 200 ‘ 1000 mml 1200 [1200 14m| 1500 lscu‘ 1700 |1s00 ]Qﬂﬂi 20
| | | i | L L | | | | |

Figure 3: Highway Dense Network Scenario

Scenario 2:The 100 vehicles are distributed over 2km highwaglénse network as shown in figure 3. There are
2000 x 500 rharea has been taken to create two lane highwalyeirscenario and three base stations with their own
subnets, each connected with a group of vehiclesised in the scenario and VolP has used as tgpfierator. The main

parameters used in the simulation are given agvist|
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Table 1: Simulation Parameters

Area 2000 X 500 Meter Square
Simulation Time 240 sec
Bandwidth 20MHz
Transmission Power Min: 20dBm, Max: 50dBm
Antenna Type Omni directional
Traffic Source VolP
Physical Layer Protocol| 802.16 Radio
MAC Layer Protocol 802.16

The Qual Net simulation tool, as explained in sat, evaluates the VolP codecs one by one in thessgarios.
There are seven VolP codecs has compared herel 5/7123.1ar 5.3, G.723.1ar 6.3, G.726ar 24, Gi738aG.728ar
16 and G.729. VoIP is use to simulates IP telephsegsions. We have taken VolP traffic generatoh & second
average talking time and packetization of 20 nglfiend interval. After execution of scenarios, weord the information

of network with collecting statistics for analysitresult.
e Result Analysis
The result analysis of following metrics is giventeelow:
e Mean Opinion Score (MOS)

MOS follows the measurement techniques specifietiThlyT P.800, in which, various people are madégizn
the voice signals and rate the factors like diginrtdelay, echo; noise etc on a scale of 1 to &re/ii is the minimum and

5 is the maximum. So, high value of MOS considebetter for the communication network.

Average MOS

MOS Measurement (Scale 1 to 5)
™
u

G7Il G723.1ar53 (G723 1ar6.3 | G726ar24 | G726ar32 | G728Bar 16 G729

B SPARSE 3.12545 29209928571 |3.020861429 3.10692 3.0022 2650084286 3013925714
kd DEMNSE 307779 28545525 28899475 3.015675 297189 293769 21728875

Figure 4: Graph for Average MOS

The graph of figure 4 shows that sparse netwoKANIET has better MOS as compared to dense netvRwoKkit
is clear that sparse network performs well in afsRIOS. According to codecs, the graph shows tha@tlG codec is best
in both, sparse & dense network.

e End-to-End Delay

The end-to-end delay is the amount of time takanafgacket to be transmitted across the communitati

network from the source to destination. The small-to-end delay is good for any communication nekwdt is
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calculated as:
D end-end= N [ D trans+ D prop + D proc + D qud
Where,
D endena— €nd-to-end delay
D yans— transmission delay
D ,rop— Propagation delay
D proc— processing delay
D que— queuing delay

N — Number of links (no. of routers + 1)

Average End-to-End Delay
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G711 G.723.1ar5.3 | G723.1ar6.3 G.726ar 24 G.726ar 32 G.728ar 16 G729

B SPARSE| 0.127367914 01788358 0.156852342 (0128921542 | 0.167096385 | 0.100714285 | 0.153330471
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Figure 5: Graph for Average End-to-End delay

The graph of figure 5 presents that sparse netivaskless end-to-end delay as compared to densenkeinwd in
comparison of codecs; G.728ar 16 has smallest valwparse network, while G.726ar 24 has smallaitevin dense

network.
e Throughput

Throughput is the measurement of the number of agessthat a system can process in a given amotnmebr
it is the average rate of the delivery of succdssiessage over a communication channel. In comratioit network, the
throughput is usually measured in bits per secondtransaction per seconds. The throughput can layzed
mathematically by means of queuing theory, wheeeltlad in packet per time unit is denoted by almate A and the
throughput in packet per time unit is denoted by teparture rate p. High throughput is always aetép in a

communication network.
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Average Throughput
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Figure 6: Graph for Average Throughput

The figure 6 present the graph of average throughphich shows that sparse network has high thrpughs
compared to dense network & G.711 codec performasibdoth networks.

» Average Jitter

Jitter is the amount of variation in latency orp@sse time, which is calculated in seconds or mosbably in
milliseconds. Jitter shows up as different symptowtsich is depending on the application using byWseb browsing is

fairly resistant to jitter, but any kind of streargimedia is quite susceptible to jitter. Less vafigtter is always desirable
in a communication network.
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G711 G.723.1ar5.3 | G.723.1ar6.3 G.726ar 24 G.726ar 32 G.728 ar 16 G.729
|- SPARSE 27.3708 26.3574 | 28.6169 15.2474 3227401 240488 206476
|'w1 DEMSE 361773 38 6434 | 370146 359452 345749 37.2183 330372

Figure 7: Graph for Average Jitter

The graph of figure 7 shows the evaluation of agergtter, which present that sparse network has j#ter as
compared to dense network. In accordance with &ded26ar 24 has lowest value of jitter in spaietsvork and G.729

has lowest jitter in dense network.
» Average Delay

The average delay of any network specifies theameenf time taken by a network for a bit of dataremsmit
across the network from sender to receiver. Iypscally uses multiple or fraction of seconds asasging unit under the
Network layer. The average delay is divided inte fbllowing parts: Processing Delay, Queuing Delésgansmission

Delay and Propagation Delay. Minimum value of deétaglways requiring for good performance of networ
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Average Delay
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Figure 8: Graph for Average Delay

The figure 8 presents the graph of average delhichwshows that dense network has the less vakiesrapared
to sparse network. So, here dense network perfbetisr. In case of codecs, G.711 has the lowese\waf delay in dense

network, while G.726ar 24 has lowest delay in spaetwork.

» Signal Received With Error

It refers to the number of incoming signals théetato receive by the radio channel. The valughef metrics is

calculated under the physical layer.

Signal Received with Error

14

iz
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No. of Signals Received with Error

G711 iG.?ZS.lar 53|G723.1ar6.3| G726ar 24 | G.726ar32 | G728ar 16 G729
B SPARSE| 981818 | 111212 10.7879 78788 10.1818 8.75758 11.697
|u DENSE | 443682 | 496117 51068 | 500971 | 492233 | 518447 541748

Figure 9: Graph for Signal Received with Error

From the graph of figure 9, it is clear that sparséwvork received more signals with error as comgado dense
network, so here; again dense network perform&b#tan sparse network. In accordance with codec&ll has lowest

signal received with error in dense network whil@ZBar 16 has the lowest signal received with @rreparse network.

5. CONCLUSIONS

After the evaluation of the result, we concludeat tmostly results are in favour of sparse vehicoktwork. So,
sparse network is more efficient to perform voiedlscover VANET as it gives best performance inecabaverage MOS,
average end-to-end Delay, average throughput aechg® jitter because of containing less trafficaspared to dense

network, while there are two metrics: average delay signal received with errors, which are comefavour of dense
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network. If we notice the results in accordancéhwibdecs, then we get that codec G.711 perforntsrbease of average

MOS, average throughput, average delay and sigoaived with error while in case of average endsid-delay, G.728ar

16 codec perform better and G.726ar 24 codec pesftuest in case of average jitter.
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