International Journal of Emerging Science and Engieering (IJESE)

ISSN: 2319-6378, Volume-4 Issue-6, October 2016

Investigation of Performance Metrics in OMNET++
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Abstract: Road congestion, parking difficultgnd collision is
very prominent in advanced and developing countriegelligent
Transport Systems (ITS), with wireless technique hsadution to
these problems through the application of vehiculeechnology.
The wireless deployment, safety and non-safety agpions in

The central feature of all wireless networks idrtaeility to
transmit data over the air in the form of electrgmetic
signals. Ideally the wireless technology shoule filee user
of any physical boundaries so that the user cam rioeely

vehicular communications can be achieved with properWithout worrying about losing connectivity and perhance

implementation of network metrics. It is very cleand of no
doubt that more research in wireless applicationg feehicular
networks is on the increase due its application mstmodern era.
Dedicated Short Range Communication (DSRC) has paved w.
for these applications in informatics, parking/coegtion control,
and safety application via the knowledge of the ITH this
paper, we have made investigations on some perforoeametrics
that have impact in the analysis of vehicular commioations.
We will use these metrics in our future work, to dgsis the
performance of vehicle networks with other rate algfoms using
OMNET++ as implemented here.
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INTRODUCTION

|n the late 1990s, this area experienced a rapidtgro

and interest with the existence of 2G, 3G, and 4@ular
networks. Due to the flexibility and portability ahis
technology, it steered up research interest infidle of

degradation. For IEEE 802.11 networks, two sortmetlia
were conceived in the electromagnetic spectrum,infra-
red light and radio frequency. Devices such prstand

Bobile phones use infra-red technology to exchathaja,

while most IEEE 802.11devices use radio frequerscthair
transmission media.

Application of wireless technology has a #igant
impact worldwide in many sectors. It has made disier
and comfortable. The importance of wireless teabgyl
cannot be overemphasised with the flexibility itsha
provided for humanity. Another interesting aspectn the
application in vehicular communications, where wvtdd
could communication to each other directly or viafacess
Point (AP) depending on the network topology.

However, the IEEE 802.11 standards have la¢ehe
core of wireless communication since the mid-199&wl
advances are now driven by the proliferation ofeleiss
equipment into many electronic devices[9][10]. Vi&ss
networks have emerged so well and become populdregs

Information and Communication Technology (ICT) withare deployed in almost every sector of life suclsamols,

telecommunication engineers interested in how teleyn
the capabilities of this technology. In the last fdecades,

hospitals, coffee shops, airports, restaurants.avtodhobile
devices such as laptops, Personal Digital AssistdRDAS)

we have witnessed a dramatic growth in the wirelesge capable of deploying these services. The stdnda

industry which has created a lot of employment adl as
financial revolution in the wireless industry. Singhe
introduction of this technology, there has beeremméndous

regulates all operations of the different wirelessndards.
Vehicular communication adopts the principles oEEE
802.11 standards in other to communicate with exdbbr;

shift away from landlines telephones which wereyverhence the suitable wireless standard for vehictb@s|EEE

effective since their introduction in 1979 to mebdellular
telephony in 1980. But no doubt as we can all $eat
deployment of this technology has span through
countries of the world making life easier througimeersion
and messaging.

One of the advantages of wireless networks
MOBILITY. The users can connect to existing netvsakd
can then move about freely without having to wasbout
getting disconnected.
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802.11p.
The IEEE 802.11p is the wireless standardptetbin

avlehicular networks. It is also known as Wirelesséss in

Vehicular Environment (WAVE) [7]. Vehicular netwark
now use the IEEE 802.11p as against the 802.1halasth
iwhich was earlier used before now. IEEE 802.11m@ris
extension of 802.11 Wireless LAN MAC and PHY layers
[2] used in vehicular networks. It can be used hg t
Advanced Drivers Assistance (ADAS) and ITS. IEEE
802.11p is orthogonal OFDM-based to compensat®dth
time and frequency-selective fading. It is very iEamto
802.11a in that it uses 5:2 GHz while 802.11p us5 5
5:925 GHz. IEEE 802.11p emphases on reduced channel
spacing (10 MHz instead of 20 MHz in 802.11a). TBEE

F.O Philip-Kpae, Department of Electronics and Electrical 802.11p wireless standard is implemented in tiisaech as

Engineering, School of Engineering, Ken Saro-Wiwalytechnic Bori,
Nigeria.

J. DanaminaDepartment of Statistics, School of Applied Science
Ken Saro-Wiwa Polytechnic Bori, Nigeria.

P.G Irimiagha, Department of Electronics and Electrical Enginegrin
School of Engineering, Ken Saro-Wiwa PolytechniciBdigeria.

L. U AkazuaDepartment of Science, School of Computer Scieinte,
State Polytechnic Umuagwo, Nigeria.

seen in Table I.

The rest of the paper is organized as VialdSection 2
is background of studies, while Section 3 deal& witwork
topology; Section 4 is results/discussions, whiketon 5
concludes the paper.
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Il BACKGROUND OF STUDIES

In this section, we will consider information vevital that
will help in understanding of this subject and etbemmon
principles of operation.

A. Context —aware system

Context-aware refers to information such as spleedtion,
and distance or time. In [2], contextual-soundsoapieh is
associated with environmental sound was implemetiid
study was aimed at sound recognition in Smartphéisn
in [8], speed was the context information that waed in
implementing the Context-Aware Rate
Algorithm (CARS). CARS algorithm used speed

Selectior@daptation of vehicle communication networks
invehicular networks now use the IEEE 802.11p asnaga

Road safety applications will require reliable atithely
wireless communications, while commercial applmasi
will expect a high data rate. In order to providhigh rate

of reliable data rate, an important technique fareless
communications is adaptive modulation and codinigiciv
adapts to the communication channel conditions and
attempts in order to provide the best possible
communication performance. However, due to the high
speed of vehicles, the time during which two vedscbr a
vehicle and a roadside AP are in a communicatiogeaan

be very short, which pose a big challenge for thte r
[12].

dynamically changing the vehicles rate depending dhe 802.11a standard which was earlier used before

channel condition.

In this study, we have considered location as atest-
information. In this scenario, different environrten
location which affects reception of signal was é¢desed in
this simulation.

B. Dedicated Short Range Communication (DSRC)

The DSRC specification, was originally developedhia
Unites States (US), but it is now also in operatiorthe
European Union (EU). DSRC is a wireless technoltigat
is developed to support the communication betwesricles
and between vehicles and infrastructure in a vemachic
network with a proposed transmission range of umpre
kilometre [13]. DSRC enables a new class
communication applications that will increase theerall
safety and efficiency of the transportatisystem [3]. It is
a set of protocol and standard for operating ong-avawo-

IEEE 802.11p is an extension of 802.11 WireleAs\
MAC and PHY layers [2] used in vehicular networks.
Before the deployment of this standard, the IEEE.B0a
was used for vehicular networks. It can be usedthsy
Advanced Drivers Assistance (ADAS) and ITS. IEEE
802.11p is orthogonal OFDM-based to compensatbdtn
time and frequency-selective fading. It is very iEamto
802.11a in that it uses 5:2 GHz while 802.11p us5 5
5:925 GHz. IEEE 802.11p emphases on reduced channel
spacing (10 MHz instead of 20 MHz in 802.11a).

D. Vehicular Ad hoc Networks (VANETS)

VANET topology is very important in vehicular

ofommunication because of the high mobility and dpefk

vehicles approaching a speed of about 200km/h ishaat
distance [3]. VANET is a special case of network sp
where vehicles communicate with each other viaArtkss

way communications between vehicles in close rangBoint (AP), this is same as known in a wirelessvoeit

Vehicles move at high-speed in unison using therint
vehicle communications to allow very close quartansl
coordinated velocity/direction changes. One of

applications of this is in electronic toll collemti, where
drivers entering or leaving certain
automatically charged for their usage. Both the efad

called vehicle to Infrastructure (V2I) network [9h this
case where wireless node communicate directly edtbh

thether, the network is called Vehicle —to Vehicle/2y)

network, where as in vehicular network, it is calldobile

road sectione aAd hoc Network (M ANET)[6]. One of the roles or

significance of VANET is to increase network penfance

Communications Commission (FCC) in the US and thil]-

European Telecommunications Standards InstituteS(Eih
the EU have allocated spectrum in the 5:9 GHZ rdioge
DSRC. The European Committee for StandardisatidS{C
specifies the DSRC physical layer, the data linfetaand
the application layer. Some remarkable researchbeas
done on DSRC ranging from computer simulations of

VANET exhibits it roles in a complex distrileat and
large scale network. The capability of this setisifor data
aggregation and network management [14]. This seoked
when a large number of nodes occupied by the wehiénd
lots of data and the vehicles keep building up las t
gommunicate to each other via the AP as a baserstm

complex road-system to measure throughput, delay aWANET, both safety and non-safety applications dzn

packet success [9] to experimental measurements
outdoor set up and analysis of context-informafarsafety
and non-safety applications on DSRC [8].

C. Vehicular networks

The frequent occurrence of accidents on our romdsmajor
concern for every nation, since accidents conteibat
significant percentage to the daily death ratesTbincern is
one of the challenges facing research
communications and road safety. For several yearg, n
vehicular networks have been a topic of unique arete
interest in the area of wireless and mobile comuations.
The number of road accidents can be reduced wihtgr
communication and cooperation between vehiclesRoatl
Side Unit (RSU) offered by the ITS [11].

ferplemented through the ITS.

M. NETWORK TOPOLOGY

In this section, we will consider the netwskimulator
used in this research, the network setup implemergad
performance metrics used in analysing the resudtaimed
from our simulations.

in vehicularA. OMNET++ simulator

There are many discrete event simulators sush a
Network Simulator 2/3 (NS2/3), OPNET, Global Mobile
Information System Simulator (GloMoSIM), OMNeT++ is
very efficient in simulating wired and wireless wetks.
OMNeT++ was used in this research because of ilityatio
simulate vehicular networks, and also a matterhafice in
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other to compare performance with other
OMNeT++ uses two extension languages that the mskst
employ to write models and control the simulati@me is
C++ and the other is called NEtwork Description EDY

[4]. In this simulator, the user describes the dtme of a
simulation model in the NED language.

One of the reasons for OMNeT++ is that, it has dzah
tool to study protocols for both wired and wirelessworks.
There are various tools in OMNeT++ that enable suger
achieve reliable results, depending on the chofc®al in

OMNeT++ simulator. Some of these tools are MIXIM,

SUMO, and INETMANET [15].

In this research, we have chosen to use INETHAN
because it contains the features required in imelgimg
rate adaptation in vehicles. It also provides dedamodels
and protocols, as well as supporting infrastructursiso,
dealing with vehicular networks need proper choafe
mobility model. This tool has already implementedhitity
models, and it is also flexible in creating whertdimes to
creating your own model.
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Figure 1. OMNeT++ NED Editor.
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Figure 2 Simulation Model.
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platformsB. Network scenario

In this network configuration, a default linearobility
model in INETMANET was adopted. This mobility model
determines how the nodes move around in the net\iidnils
mobility model deals with speed, angle , and acaétn
parameters. Angle only changes when the mobile hdde
wall: then it reflects off the wall at the same lkengwWe
adopted this mobility model because it has someahef
parameters we need in implementing Context-Awar&) (C

task in our research.

inpart dnzt
inport
inport
ingart
inport

JActessPoint;
inzt world. .ChamelContrel;
inet.networkiayer.autorouting. ipvd. IPvdNetvorklenfigurater;

module ThroughputClient
{ parazeters:
fdisplay("i=4
finode();
string mobiiztyType
gutes:
input radioln @irectin;

suboodules:
notificationBeard! NotificationBeard {
piW‘im!l‘i:
Bdisplay| ‘p=52,32");

clit EtherAgpCli {
paraseters:

ragisterSAP

Bdisplay|"b=43,2

68,001");
)

Figure 3. Linear mobility model in INETMANET.

C.Network configuration

In this article, nodes representing vehiclesren
configured to communicate with each other via an asP
seen in Figure 4. From this figure, vehicles camivate to
each other via an AP. Positions of these vehiclespk
changing as they move from one distance. In thésiado,
propagation model is put into consideration asdings and
tall trees will affect signal reception. We alsqlemented a
two-ray propagation model to combat with signalef®on
problems shown in Figure 5.

Figure 4. Wireless nodes with AP.

The two-ray ground model takes the path loss exmone
from the path between transmitter and receivecottsiders
both the direct path and a ground reflection paterown in
Figure 4. The advantage of this propagation mgdtiat is
gives more accurate prediction at a longer distdhaga the
free space propagation model. Predicted receiveepat a
distance is given as:

Pr(d)=P ¢ Gon2h,? "
d*L
Where hy, andh, are heights of the transmitted and

received antennas, an@; and G, transmit and receive
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gain,d is distance and L which is also a measure of digta is added, assuming L=1, while

dl
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Figure 5. The two-ray ground model.

The setup is implemented using Adaptive Context dawa <
Rate Adaption Selection (ACARS). ACARS is designed
with robust adaptation to transfer data for DSRC in
vehicular networks; so as to mitigate the problérdehicle
Collision (VC) for road safety. With this goal, AGYS
algorithm can adapt to fast channel changes due to
propagation phenomena, and yields better perforsane

Jitter (): This is a metric parameter that deals with delay
and similar to end-to-end delay, since both of tiu=al
with latency in information delivery. Jitter is the
variation of packet and data delivery between two
systems, when some data take longer to travel fsnen
source to the other. It results to network congesti
timing drift, and route changes.

to AP coordination and transmission of power cdntroj = Atg . Ata whereA and B are different points on the

scheme. This algorithm is adaptive to wireless amabile

network.

environments, since it is able to mitigate the lemges of Other metrics that can be analyzed from the INETNEAN
angimulation are:

Number of packets sent without retry

Number of sent and received bits

Number of dropped packets

Minimum and maximum loss rate

short duration, fast change in Ilink condition,
underutilization of link capacity which affect othechemes
from selecting the optimum data range, since thee tto
communicate between two nodes is very short.

The channel operation in this set up is CH 1T8ckvis
the control channel having with a frequency of &82 as
also indicated in the Table I. This implementati®focused
on the safety application which falls in the cohtbannel
as shown in Figure 6.

D. Performance metrics

In this paper, we have investigated some metriarpaters ]
in OMNET++ which could be used in analysing the|§
performance of the network. Some of them considbrré
are:

®,
0.0

a packet to arrive to a defined destination. Is fraper,
the end-to-end delay is referred to as the avetiageit
takes for a packet to travel from a cluster mentbéhe
control center. The end-to-End delay is calculaasd

follow:
) [14].

(arrive time—sent time)

¢=(Z

(number of sent messages)

.

.

e

0
SR X

RS

End-to- end Delay (): Is the average time it takes for Figure 6. The seven proposed DSRC channels and thei

frequency bands.

V. RESULTS AND DISCUSSIONS

In this section, we will identify and discussnge of the
results obtained in INEMANET simulation.

A. Simulation/results
The results obtained from our simulations will bbesented

with just a single Rate Adaptation Algorithm (RAA)

0,
o

received packets or messages. It is achieved as:
t = number of received packets — number of sent
packets.

Throughput (t): This is the numbered of successfullyusing ACARS. Table | shows the parameters usedim t
simulation.
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Figure 7.1. End-to-end delay for wireless host 0.
Chart: Throughea! ever cosfguesd pdrod Throughputhietsod, seesieasbiobilityiHoal[0] when| T mec
The positions of the vehicles are generated aneré@ted v e =m
by equations 2 and 3 respectively. s -
AX= vt cos 0) (2)
Ay= vt sin ) 3)
wherev is velocity in m/s x andy are coordinatesd is 5
distance in meters ards time in seconds. :
Therefore, distance between Vehicle-to-Veh{®i2V) or
Vehicle-to-Infrastructure (V2I) can be determined using
equation (4). Furthermore, vehicles in communicatiange
and those out of range can also be determined thigh
following equations. The positions generated byicleh ]
using equation, gives positions of the vehicles chadbility, Figure 9.2. Throughput for host 0.
and in turn gives rise to the distance of the Vehiom the 7™ P et
AP. e o - i
d= \/(xz —x1 )2+ (Y —y1)2 + o+ (X — Yn)? (4) e i ey s —
Chat. endToEndDetay hmlogram Thecughpathehwork sesieasticbilbyHos | udphoptd ’ Il o r s t0g
Figure 10. General metric parameters.
| ' TABLE I. SIMULATION PARAMETERS.
I Parameters (Units) Values
IR J3@ AMIC LBE SEN L EMM AME IOND 0N ROCOT ADMM DGR 6O DOMHE OMOW RORM R Constralnt Area (m) 2000
Figure 7.2. End-to-end delay for wireless host 1.
et A0 TN vk AEcos s Polnt o) e Number of Vehicles 150
Position of AP (m) 1000
1 PHY and MAC Protoco IEEE 802.11p
Frequency (GHz) 5.89
\ #3005
‘ Delay limit (s) 20
we| il == N e Normalized Transmit 20
' N A Power (mW)
ety e Dot Qv hr: pime 408 Tamghiputtemenss. scceniPemmt st mee Noise Power (dBm) _110
Figure 8. Jitter for AP.

Published By:
10 Blue Eyes Intelligence Engineering
& Sciences Publication Pvt. Ltd.




Investigation of Performance Metrics in OMNET++ for Vehicular Networks

Update interval (ms) 100 ACKNOWLEDGEMENT
Y (Path Loss exponent, We appreciate all members of our wireless commtuom
Urban area cellular 2.0 research group that have contributed to the suazkefiss
radio) research group, and implementing this research idea
Mobility model Linear REFERENCES
_ 1. A Muhtadi, D. Perdana and , R. Munadi , “Evaluatiof AODV,
Max Queue Size 14 DSDV, and ZRP Using Vehicular Traffic Load BalargiBcheme on
VANETS", lissst, vol. 16, issue 3, p 1-March 2013.
Simulation time (s) 120 2. H.Lim, J. lee, and K.Yongjin , “Mobile user conteAwareness
model using a novelty contextual-soundscape inftona ,7th
- International Conference on Intelligent Systems, dbling and
Carrier frequency (GHz 24 Simulation, Cambridge ,pp.1-7, April 2016.
3. J. Guo, and N. Balon, “ Vehicular Ad Hoc NetworkedaDedicated
cwMin Data 31 Short-Range  Communication”,  University ~ of  Michigan,
Dearborn.pp.7-14,June 2006.
F 4. M. M Castro, “Metrics to Evaluate Network Robusten
Snir Threshold (dB) 4 Telecommunication Networks”, University of Stratyaé , pp. 13-20,
> May 25, 2011.
Data rate (Mbps) 3,4.5,6,9,12,24,27 5. Xia. , R Gao, L. Wang, and R Hao, “Real-Time Berance
Analysis of Infrastructure-based IEEE 802.11 [listied
Maximum 3 Coordination Function”, School of Software, Dalidmiversity,
P China. pp. 1-3, Dec 2011.
Retransmission 6. W.Alasmary, and W.Zhuang, “ Mobility impact in IEE802.11p
infrastructureless  vehicular networks”, Universiof Waterloo,
. . Canada, pp.2-4, 2010.
B. discussions 7. Y.Wang ,A.Ahmaed ,B.Krsihnamachri , and K.PsouniSIEEE

This research is only an elementary stage afystg the
available metric parameters in OMNET++, so that ca@
identify which of them to use in analysing perfomoa of g
vehicular networks in future works. We have notuatly
extracted the result from INETMANET, to illustratbe
performance. This will be implemented in future aince

the metrics are still under investigations. Butnfrgraph 10.

obtained in Figures 7.1 and 7.2, we can observediéhay
trend for two different wireless host, that theralues
changes as the mobility of the nodes changes. Also
figures 8, it shows the delay variation as the elehimoves

to and from the AP. 12.
The network throughput is shown in figures 8md 9.2 13,

respectively, while figure 10 shows the detailedtrine
parameters that we can use in analysing the vehicle

performance in the future works. 14.

V. CONCLUSION AND FUTURE WORKS

This section considers the summary of the rekeand 15

the limitations presently that will be take care infour
future works.

A. Conclusion

Figures 7-9.2 show some metrics, and in figrslHows
a more elaborate metrics which we will study and
implement in our future works. This study and
investigation, has made us to have an in-site ®mtletric
parameters to deal with in analysing vehicular
performance in OMNET++.

B. Future works

In the future, we will be exploring the metparameters
in OMNET++, and analysing other RAAs, so that
comparisons can be made with our proposed ACARS. We
will also consider other RAAs, and how they perfoirm
this simulator compared to their implementationother
platforms such as MATLAB.

11

11.

02.11p Performance Evaluation and Protocol Enhaanefi Viterbi
School of Engineering University of Southern QGatifia Los
Angeles, CA 90089, USA. pp.1-6, , IEEE explore,tS2P08.
P.Shankar, T.Nadeem, J.Rosca, l.Iftode, “CARS:t&dnAware
Rate Selection for Vehicular Networks” Departmerfit Gomputer
Science, Rutgers University, pp.1-6, Oct 2008.

T. Hewer, “High Performance Simulation and Modgjliof Wireless
Vehicular Ad-Hoc Networks", pp. 3-5 August 2011.

Bianchi, “Performance Analysis of the IEEE 802.11stBbuted
Coordination Function”, IEEE Journal on selectedeaar in
communications, vol. 18,pp. 535-547, March 2000.

W. R. M. M. Artimy and W. J. Phillips, “Assignmemtff Dynamic
Transmission Range Based on Estimation of Vehigesily", ACM,
pp. 40-48, 2005.

P. Sommer. “Design and Analysis of Realistic MdpilModels for
Wireless Mesh Networks", pp. 1-4, September 2007.

A. Almohammedi et al, “Evaluating the Impact of fsmission
Range on the Performance of VANET", in Internaéibdournal of
Electrical and Computer Engineering (IJECE), VoN®, 2, pp. 800-
809, 2016.

S. Khakpour, R. W. Pazzi, and K. El-Khatib. “Usi@fustering for
Target Tracking in Vehicular Ad Hoc Networks", Uargity of
Ontario Institute of Technology 2000 Simcoe St Rpfshawa, L1G
7Y2, Canada, pp. 1-5, 2015

OMNet++. http://www.omnetpp.org/, accessed Oct,&201

Published By:
Blue Eyes Intelligence Engineering\ =.
& Sciences Publication Pwt. Ltd.



