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Abstract In order to ensure a reliableand efficient end-to-end

communication among the network nodesn a Mobile Ad Hoc
Network (MANET) , an appropriate routing protocol is needed. €| _
In this paper, we present an extensig simulation-based Base Station (BS)

comparison of three well-known MANET routing protocols e :
(AODV, DSDV and OLSR) evaluating their performance in £ B
three real-life scenarios Considering various performance it o, %SB”SOF“OdES
metrics (PDR, Delay, Average Delay, Throughput and Total [ Y '

Energy Consumption), we suggest the nsb appropriate routing == ¥ O

protocol in every scenario. \/ a0 e "
I, INTRODUCTION " '

Mobile Ad Hoc Networks (MANETS) represent complex
distributed systems consisting of wireless mobile nodes thi
can freely and dynamically selfganize into arbitrary and
temporary networkdpologiesas the one depicted in Figure 1
Without doubt, mobile ad hoc networking research hasrigure1 multihop routing tee connecting sensor nodes émebasestation
received considerable attention in recent years. This is

because this technologgllows people and devices to Based on the methodology used and the subject of their
seamlessly internetwork in areas with no -gr&ing  gydy, previous studiesan be classified in engybased
communication infrastructurd]. The peculiarcharacteristics performance  comparisons  [2] [3], mobility-based
and complexitiesf MANETS, namelythe multrhop routing, nﬁerformance&:omparison:fﬂ], multimediabased performance

the autonomous and infrastructureless design, the dyna : .
topology, the device heterogeneity, the energy constraine mparison$5], network basegerformance comparisori§]

operations, th bandwidth constrained variable capaaity and secur|t3based performance comparisong/]. For
links, the limited physical securigndthe network scalability example, ‘"._[?‘]’ the_ authos compare se_veral MANET
impose many design challenges, especially for the networkirgf Ctocols utilizing various QoS metricencluding that OLSR
protocols performs quite predlgt_ably, dehverlng wrtually most data
Several researchers haveonducted qualitative and Packets at node mobilitgnd  showsncrease in throughput
quantitative analysisf Ad Hoc Routing Protocolsvaluating €ven when the routing load was increaséu [9] the
different performance metricsand utilizing different ~ performance comparisorese based on simulation scenarios
simulators Most of these analysedocus on the main Wwith varying pause timeJhe authors showed that increase in
challenges of MANETs which are reliability, bandwidth andthe density of nodes yields to an increase in the raedto-
battery power. Although the use of simulatistudies has  end delay, increase in the pause time leads to a decrease in the
increased, theonfirmation and agreement amahgir results  meanendto-end delay and that increase in the number of
has decreasedhis is because the simulation studi®e not nodes will cause increase in the mean time for loop detection.
based orrealistic (reatlife) scenariosandtheir research field |n [10] the authors choose tevaluatethe selectedouting
is rather general and based on random assumptions. As gotocols algorithms with respect to the network traffic, the

Mobile Ad Hoc Network applicationsnsteadfurtherstudies  gitferent  simulation scenariosshowing that MAODV

must be performed beforhand in order for a network  nertorms petter for high traffic and ODMRP performs better
engineer or praciitionéo choosehe proper routingprotocol ¢ |arge areas and high node speeds and poorer for small
for a given MANET applicton. antenna ranges
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In this paperwe focus onevaluatingthe performance of demand protocol will not maintaizurrentrouting information
three routing protocols for MANETs in realistic on dl nodes for all times. Instead, such routing information is
environments Our intention iso specify the best choice for obtained on demand. If a node wants to transmit a message,
each scenario and for certain parameters. Although lot @nd does not have enough routing informatiorrdite the
researcthas been done during tipastyears in MANETS, a message to the destination, the required information has to be
large percetage of them evaluatthe protocols underthe  obtained (unles the protocol is using directly a flooding
same performance parameters and metrics and uraer approach to deliver the messages). The node needs toaknow
realistic conditions: théransmitterand receiver devices are leastthe next hop (among its neighbors) faansmittingthe
not modeled according thecommercial ones, binsteacthe  packet.This is the case for the Ad hoc @®mand Distance
default parameters of the sifator; are used. Alsosome of Vector (AODV) routing protoco[13]. AODV is one of the
the mobility models used do not describe the path a person wrost significant reactive protocols and one of theee
a car follows, etc. The overall goal of this paper is to developrotocols studied in this papeProactive routing protocols
realisticscenariodor everyday lifeMANET applications and  will try to maintain correct routing information on all nodes in
through the simulation process of sgoscenariggo compare the network at all times. This can be achiewedifferent
the most significanMANET routing protocolsfor different  ways, and so there ate@o protocol subclasses: event driven
performance parameters:urthermore, we investigate the andtime-driven orregulaty updated protocolsEvent driven
effect ofthe Direct Sequence Spread Spectrum (DSB&g  protocols will send routing update packetsily when a
[11] that is a parameter not be examinbg previous change in topology occurs. Protocols that are updated in
simulationstudies regular ntervals will always send their topology information

The remainder of # paper is organized as follows: to other nodes at regular intervalfie DestinationSequenced
Section Il provides an overview of routing in MANETs and Distance Vector routing protocoDEDV) [14] is an event
classifiesthe MANET routing protocolsSection lllanalyzes driven proactive routing protocol anithe Optimized Link
the reatlife simulation scenarios. The simulation State Routing ProtocolOLSR [15 is a regular updated
environment, the p@rmance metrics and the simulation protocol. DSDV and OLSR aredth studied in the present
basedresults for every scenario arecordedin Section IV. paper. The different strategy they follow to update their

Finally, Section V concludes the paper. routing tables incurs more routing overhead but is
advantageous becaustnere is always current routing
1. RouTING INMANETS informaion_
Routing is the act o$electing the route that information
will follow from a source to a destinatiam a network. The Il THEREAL LIFE SMULATION SCENARIOS
routing concept basically involveswo activities: firstly, As already revealed, the main focus of this paper is to

determining optimal routing pathand secondly, transferring evaluate the performance tife AODV, DSDV and OLSR

the information groups (called packets) throdha selected routing protocols for MANETS in realistic scenarios and

paths Irrespective to other wireless networks (i.elldar  specify the best choice for eadicenario and penfmance

networks where the base station can reach all mobile nodes)etric Next, we present the three realistic scenarios.

in MANETs there is no infrastructure support, atite . . .

destination node might be out of rangethaf source nodeA A. SchoolField Trip Scenario

routing procedure ithusalways needeth orderto find a path The first scenario describes a field trip Parnitha

betweenthe source and the destination afmtward the Mountainperformed by a schoalassin orderto providethe

packets appropriatelyAdditionally, in the case of atioc  studentswith environmentalexperiences outsidhe school.

networks, each node must be able to forward data for othdhe students should be able to record their activities while

nodesdepl eting its energy f ormovingeandnbe ablecta codreunicate withrtheir teagheraim i |

and operability This create additional problems along with e very regi on of the mountain.

the problems of dynamic topologgtemming from the the best option because there might be certain deegs

mobility of the wireless nodes andhich can lead to canyonswhere the reception will be poor to reristenfand

unpredictable connectivity changes. also sending videos mightot be fully supported by all
Various protocols have been proposed by the researchdistwork providersof the devices. Fothesereasons, irthis

in order to address the ting issues in MANETs. These scenarioboth temporary and localized communication is

protocols can be classifiedn many ways, but most demandedecessitatinghe useof MANET networking

classificatiors are basedon the routing strategy ardr the

network structure. According to the routing strateg&e TABLE I. SIMULATION PARAMETERS OF THESCOOL FIELD TRIP SCENARIO

routing protocols can be categorized R-active (table

dri R A d d di h K Simulation Parameters Values
rlven) an eactlve(on— éman -)Dep‘?” Ing on the ne.twor Number of Nodes 21 (20 students and a teacher)
structure the protocols are classified asflat routing, - =
. f . . . . . Nodesd Spee(2 ml-lsec
hierarchical routingandgeographic position assisted routing
- Senders 20 (the students)
[12]. Both the Tablalriven and Ordemand protocols come Recei 1 (the teach
under the Flat routig category eceivers (theteacher)
The main difference between talléven and ordemand | Movement GaussMarkov Mobility Model
routing protocols isegardingthe routing information stored | Area 1000n! 500 m
in the routing tables for every node. A network using an on|_Protocols AODV or DSDV or OLSR




Simulation Parameters

Values

DSSS Rate

1Mbps or 2Mbps or 5.5Mbps or 11Mbps

Packet Size

256 or 512 or 1024 or 2048 or 4096 byte

Number of Packets

250

Interval

0-0,05-0,1-0,15-0,2-0,25-0,3-0,35
-0,4-0,45- 0,5sec

Simulation Time

180 sec

and their speed affect the communication. ¥sume that the
operation is at an early stage and that the team has no
information about the missing persons, but only about their
location the last time they communicated with their base. For
this reason, the team will have to blind search the location
following the random Direction Mobility Model [17]. The
next search area will be determined by the evidence they will
collect from the present area. While searching, the team

In this scenario, we assume that there is a group of 2@embers will also inform the OSC by sending him/her files,
students and a teacher (21 nodes). Each one of them text or voice messagesd so the data rate is defined at 164
equipped with a hanteld device. All of them are walking in Kbps. The team members might search the area on foot or use
a certain direction (Gauddarkov Mobility Model [16]) with  vehicles specifically designed for mountains, and thus the
a constant speed of 2 m/s. The traffic is Constant Bit Ratgpeed the team members might have ranges from 5m/s (which
(CBR), which means that packets are send continuously wittorresponds to the average human walkito 55m/s (which
the same rate. Table | summarizes the simulation parametarsrresponds to the speed of a vehicle). In the following table
of this first scenario. the simulation parameters for this scenario are presented in
B. Rescue Operation Scenario detail.

The reue operationscenario takes placen Olympus  C. Archaeological Site Scenario

Mountain After a snow slide, the traces of a group Of'g e third scenaridlescribesa visit to an archaeologicasite

mountaineers are lost. A rescue procedure starts immediat o . :
to find survivors. Rescue and emergency operations aj\ many musems visitors are given a handheld device, and
after 15 minutse of training from Explainers (high school

characterized by very hectic and dynanénvironments, L L
where time is a criticai factor. There is a lot of movement angiudents, volunteers eiahe visitor could see the exhibits,
d particular online resources and evget information

activity on the site as personnel may arrive and leave the si out the exhibit as/he comes close to it. Most of the

at different times, e.g., in cases where personnel or c)'[hlnformationis acousticso headsets are importaBecause of

olante e aran. Several oynaations arb molved in ]3¢ advaniages this pracice offers with respet classical
operation, e.g., paramedics, fire fighters and police, igsn to a museum, isolatiophenomena arebserved to most

o S . of the usersNo interactionand no collab@tions between the
Zﬂf Itl\cl)gll}gt:r; UWitr)gcrj o;;&gﬁkgrggglzar:gnséxsigtm(?noftmglcVisitors are observedand the use of headset makes the

environment ando aMANET is again essentialto support 2223;2%:2‘2?: i Stge rgrlljm%rfyt o?j;?sltbslt;,vrl]g w;itst%e;%rlg avr\:e
communication among the rescue members group

organized tour to the archeological site of Vergina. In hills
around Verginathereare burial sites of the kings of Macedon,

TABLE Il.  SIMULATION PARAMETERS OF THERESCUE OPERATION . . .
SCENARIO including the tomb of Philip II, father of Alexander the Great.
Slaton Paamoiers Valuss In this environmentvired networks and WFi spots do not
AT RAT AN E0T AOT T ARt exist. Furthermore, cellular networks cannot meet the
ber of Nod 107 207 307 407 507 607 7071 8071 90 ; ) . .
Number of Nodes -100 requirements ofhe present scenario sinttee mobile phone
Nodeso Speed ol 107 157 207 257 307 357 407 45 reception is very poor to nonexistentin the conditions
i50i55 milsec described.With the use of handheld devices (PDAs, smart
Senders the team members phones, and any device with a wireless connectivity) and
Receivers 1 (the OSC) headsets every group of tourists can faMANET and the
Movement Random Direction Mobility Model tour guide will be able to send multimedia packets to the
Area 50onf 500 m tourists describing the exhibitions. In this way the tours can
Protocols AODV or DSDV or OLSR easily become private and so many tours could be organized at
DSSS Rate 11Mbps the same time without interfering with each other.
Packet Size 2048 bytes
N b f Pack 150 TABLE Ill. SIMULATION PARAMETERS OF THEARCHEOLOGICAL
umber of Packets SITE SCENARIO
Interval 0,1 sec
Data Rate 164 Kbps Simulation Parameters Values
Simulation Time 180 sec Number of Nodes 51 10]., 157 207 257 30
Nodesd Spee(2 ml-lsec
. . Sender the tour guide
The onscene coordinator/commander (OSC) is the person geceivers The tourists
who has the main role and responsibility of the team. EVery \iovement Gauss Markov Mobility Model
member of the team informs the OSC about evidence an 7
) X X . : ; Area 1000 Tm 1000
other important irdrmation s/he finds by sending him/her —
. . . , Protocols AODV or DSDV or OLSR
files or voice messages. In this way, the OSC has the full
- - ._ | DSSSRate 1Mbps
overview of all members of the team at all times. In this oL Si 2096 b
scenario, we examine how the number of the team memberg 2°ket Size ytes




Simulation Parameters Values Dsssate | Packet Size | | Dusiace Packet Size
m " " " " " m 5.5 Mbps 256 512| 1024 2048| 4096 s 256 512 1024 2048 4096
507 1007 1507 2007 2507 3007 3507

Number of Packets " . 0s 0s
40071 45071 500 005: |ose |owse |ouse |olse |olsk 0,055 |OLSR |OLSR [oOLsk |oLsk |oLsk
Interval 0,015 sec 01s |OLSR |OLSR |OLSR |OLSR |OLSR 0,15 |OLSR |OLSR |OLSR |OLSR |OLSR
! 0,155 [OLSR |OLSR |OLSR |OLSR |OLSR 0,155 |OLSR OLSR |OLSR |OLSR
Data Rate 2200 Kbps 7 |o2s [ose [oise Joisa [ous [ouse g [02s [0SR [oisR |ols |oLsk |olsR
i i i & (0,255 [OLSR [OLSR |OLSR |OLSR |OLSR = 0,255 |OLSR |OLSR |OLSR |OLSR [OLSR
Simulation Time 180 sec E |o3s [osm [osr [otsk o [BsoM| | £ [03s [oLse [owsR [owsa [owsa H
0,355 [OLSR |OLSR |OLSR |OLSR |OLSR 0,355 |OLSR |OLSR |OLSR |OLSR |OLSR
0,4s |OLSR |OLSR |OLSR |OLSR [OLSR 0,45 |OLSR |OLSR |OLSR |OLSR |OLSR

H 1 H 0,455 [OLSR |OLSR |OLSR |OLSR |OLSR 0,455 |OLSR |OLSR |OLSR |OLSR
In this scenario we examine howethumber of the team || |22 [0202 Tora focs Jocs g)L__los: o Torsw o Toss Hm
members and the number of packets being sent affect tite /

communication. From their nature, tours follow a certainfi9ure2 Best protocol wiiPDR (a) DSSS Rate 1Mbps, (b) DSSS Rate
pattern of mobility. The tourists follow the tour guide to aZMbps’ (c) DSSS Rate5.5Mbps, (d) DSSS Rate11Mbps

certain direction with a constant speed of 2m/s, which is the
average walking speed. The tour guide sends high quality
videos and voice messages to the tourists and so the data rate delay isighly affected by the packets si@gbebiggerthe
is defined at 2200 Kbps. Table Il depicts in detail thepacket sizethe higher isthe delay. We also found thathe

2) AverageDelay

simulation parameters for this scenario. delay is more balanced when the interval is 0.05 seconds. This
means that the differee between the lowest and the highest
IV. PERFORMANCECOMPARISON delay isgetting smalleras theintervalis beingreducel. The

. . . delay is also affected by the DSSS Rate. For higher DSSS
For our simuléion analysis, we have used #83as our  pate values the delay is gradually decreaiseBig. 3, AODV

network simulator (version F313) and the scripts fahe  5chieve the lowest delapnly in ore caseOLSR and DSDV
scenarios studled_ ithis paper were written in C++The _ achieve quite the same performance, with OLSR being
performance metrics for the evaluation of the three routlng"gh“y better in most cases (59.9%). For lower DSSS Rates,
protocols (AODV, OLSR and DSDV) ariae following: @)  pSpy achievesbetter average delay than OLSR. As the
packet delivery ratio (PDR)) throughput,c) average delay psss Rates increas®LSR outperforms DSDV.
andd) total energy consumptioin thenextsectionsfor each

scenario,we investigate andcomparethe behavior ofthe iy I e e M | Zeckers e
routing protocas. Due to space limitations we do not prase o 05
numerical results such as graphs, but imktgaalitative = 05
. . . 18 s
results that shovin evey case which protocols achietiee 0155 0155
best performanceThe cells in the tables of the following P fox Tz
. . . . £ 258 1 255
Figures contain the routing protocol with the best performance| £ | £ |oss
in that case. 025 025
45 45
A. SchoolField Trip Scenario a) — o5
. . V4
1) Packet Delivery Ratio Dsshate | Dess e
5.5 Mbps 11 Mbps
As expected, themaller packet sizes arlde higher interval 0s 0s
. A 0,055 0,05s
valuesare, the betterthe PDRis fc_>r every routing protopol. 01 o e lEe
Also, as the DSSS Rateiiscreasing the PDR idncreasing 015 R e e
. . . . 3 .25 A
too with the protocolsperforming better in more demanding £ loass 2 [o25¢ [ousa Jowsa Jowsn Jon forsn
traffic levels. So, for higher DSSS Rateand bigger packet £ loas € o2s Jouse Jouse [ousa Joiss Jouse
. . 0,355 0,355 |OLSR JOLSR [OLSR JOLSR |OLSR
sizes smaler interval values can be usddSDV and OLSR oas e
always outperform AODV. OLSRchieves the best PDR 0,45¢ 0455 [o1s [ousk [otsk [oisk [oise
most casessd.1%9, while DSDV achievesthe bet PDR in  C)—2s:losk lousn Jous osn IS0 o) los: low fowss Jowsn Josa Joisa |

the rest 15.999 (Fig. 2). Therefore, the best choicsith Figure 3 Best protocol wrt AverageDelay (a) DSSS Rate 1Mbps,

respect to (wrt) PDRor this scenarids theOLSR. (1b1)MEt))§sSS Rate= 2Mbps, (c) DSSS Rate 5.5Mbps, (d) DSSS Rate
DsssRate | Packet Size DessRate | Packet Size
1Mbps | 2s56] s12] 1024] 2048] a096 2Mbps 2561 512] 1024 2048| 2096 3) Throughput
Os m Os OLSR
0,05 \ . . .
ot ore locst Jouse Joiss Jowse Jouse As the interval and the packet size increases, the throughput
o L [odes QLR JOUSR LR OlsR oLk increases too. o, higher DSSS Rate values achieve higher
% |ozss £ o255 [ouse Joise Joisa Joisa Joiss throughput.An interestingpoint isthat A O D V best results
e = [0, geajous jous -IO o, regardles®f the DSSS Rate are when the packet size is 2048
04 0.4s [osa [oisa [otsa [oisa [owsk bytes and not 409Bytesas itis expected. Alsoin most cases
0,45 0,455 |OLSR |OLSR |OLSR |OLSR |OLSR i
a) o oe” o Jows Jora o Toue for DSDV and OLSR, as th&SSS Rateincreases the

throughput tends to coincide regardie$she packet size and
the interval. DSDV and OLSRalways outperform AODVIn
most cases (83.2%)DLSR achievesthe highest throughput
(Fig. 4). Only in few cases (16.8%PSDV achievesthe



highest throughput. Therefore, the best cheitth respect to
throughpufor this scenarishould beOLSR.

DsssRate
1 Mbps

Packet Size

Dsss Rate
2 Mbps

Packet Size

| 258

0s

512( 1024| 2048| 4096

OLSR

0s B. Rescue Operation Scenario
0,055 0,055 |OLsR [oLse [oLsR |oLse
0,15 |OLSR |OLSR [OLSR |OLSR |OLSR 1 1
;;; 0,155 |OLSR |OLSR [OLSR |OLSR |OLSR 1) PaCket Dellvery Ratlo
El % oo o o Tosn Toisn o From thesimulation resultsye observe that the PDR is not
£ Joss £ 03 ou jolsk Jose %% affected by d buhbythevnurdbersofnodesp Ase
o oer o Touse Touse Jouse Joiss the number of nodemcreasesthe PDRdecreasesOnly in
Da5s Je (D OISR JOUR CUE (0u some cases and not in a certain pattern,sgreeedslightly
a)—o= ) — | : affects the PDR of AODV. DSDV and OLSR always
- Packet 5i Dsss Rate Packet Size 0,
Demtate | o atetie | iiwees | a55] 5ia] 102¢] 2068 do%e outperform AODV. In al_most every case (99%PLSR
0s 0 achievesthe bestPDR (Fig. 6). In only one casePSDV
0,055 |OLSR [OLSR |OLSR |OLSR |OLSR 0,055 [OLSR |OLSR |OLSR [OLSR |OLSR H ..
o TomaJores Torsa o Towe o1 o Tosr Torma o Tos achievedhe best PDR. Therefore, the best cheith respect
0.155 [owsR |osa [oLse [ousa [oisa 0.155 [ol5R Homn oLsR [oLsR to PDRfor this scenarishould beOLSR.
] 025 |OLSR [OLSR |OLSR |OLSR |OLSR 'g 0,25 [OLSR |OLSR |OLSR |OLSR |OLSR
o (0,25s |OLSR |OLSR |OLSR |OLSR |OLSR E 0,255 |OLSR |OLSR |OLSR |OLSR |OLSR
E [03s [0SR |owsR |oLsR [osk £ lo3s [owse [osr [ouse [oise H Speed
0,355 |OLSR |OLSR [OLSR |OLSR |OLSR 0,355 [OLSR |OLSR |OLSR |OLSR [OLSR 5 10 15 20 25 30 35 a0 as 50 55
04s OLSR |OLSR [OLSR |OLSR |OLSR 0,45 |OLSR |OLSR |OLSR |OLSR |OLSR
B e e e e e e o e e e
C) 0,55 OLSR |OLSR [OLSR |OLSR |OLSR d) 0,55 |OLSR [OLSR |OLSR |OLSR [OLSR n =0/ oL oSk | oSk osr [owsr | osr o | oS [osa [osr [ owss
Figure4 Best prOtOCOl Wrﬂ'hroughput (a) DSSS Rateleps,(b) DSSS E ao| owse | owsk | owse | owse | owse | owse| owse | owse | owse |owse | owse
Rate= 2Mbps, (c) DSSS Rate5.5Mbps, () DSSS Rate 11Mbps P so| owsk | owse | oisk | owse [ owse| owse| owsk | owse | owsr | owsr | oLsk
E 60| OLSR | OLSR | OLSR | OLSR [ OLSR | OLSR | OLSR | OLSR | OLSR | OLSR | OLSR
. E 70| OLSR | OLSR | OLSR | OLSR | OLSR | OLSR | OLSR | OLSR | OLSR | OLSR | OLSR
4) TOtaI Energy ConSUmptlon = 80| OLSR | OLSR | OLSR | OLSR [ OLSR | OLSR | OLSR | OLSR | OLSR | OLSR | OLSR
. . . Q0| OLSR [ OLSR | OLSR | OLSR [ OLSR | OLSR | OLSR | OLSR | OLSR | OLSR | OLSR
In most cases the bigger the packet size and the interval, { oo el el el e e bl el e e g

Figure 5 Best protocol wrtTotal Energy Consumption (a) DSSS Rate
1Mbps, (b) DSSS Rate 2Mbps, (c) DSSS Rate 5.5Mbps,(d) DSSS Rate
=11Mbps

higher the total energy consumptiois. Furthermore,for
higher DSSS Rasgthe total energy consumption liswer.
Interestingly,for AODV, when the DSSS RatefMbps, the
energy consumptiois not affected by the packet size but only 2) AverageDelay

by the interval Also, for DSDV and OLSR, as the DSSS Rateas with PDR, the delay isalson o t affected

increasesthe energy consumption tends to coincide regardlesgpeed but by the number of nodes. As the number of nodes
of the packet size and the intervBecause othe associated increasesthe delayincreasesoo. It is interestingto seethat
increased routing overheaddODV always achievesthe  for DSDV and OLSR, when the number of nodes is less than
highest energy consumption. DSDV on the other haasithe 50 the delay is almost 0 seconds. For higherlrrmof nodes
lowest total energy consumption when the DSSS Rate is 1,tge delay is more than 0.5 second©DV always achieves

or 5.5Mbps(Fig. 5). Whenthe DSSS Rate is 11MbpOLSR  the highest delayMoreover, from Fig.7, we observethat
with few exceptionshas the lowest total energy consumption.g| SR outperforms DSDVin most cases 80.09% and
Therefore, the best choider this scenario from the energy therefore,it is the best choicéf we are interested for delay
consumptionperspectiveshould be based on the DSSS Rategritical appli@tion scenariosas is the case of the rescue
that will be chosen. operation scenario

Figure6 Best protocol wrPDR

by

Dsss Rate | Packet Size Disss Rate Packet Size
1Mbps 2 Mbps Speed
0s 0s 5 10 15 20 25 30 35 40 45 50 55
0,055 0.055 10| OLSR | OLSR | OLSR | OLSR | OLSR | OLSR| OLSR | OLSR | OLSR | OLSR | OLSR
g:i; 3:1; 20| owsr | owsr | owsk [ oise [owsk | owse | owse | owsk [ owse [ oLse | oLse
= lozs = loas E 30| owsr | owsr | owsk [ oise [owsk | owse | owse | owsk [ owse [ ose | oLse
£ lozss § |oass E 20| owsr | owsr | owsk [ owse [owsk | owse | owse | owse [ owse [ oLse | oLse
£ |o3s £ |o3s = 50| owsk | owsr | owsk [ ose [owsk | owse| owse | owsk [ owse [ose | oLse
0,355 0,355 5 60
0,45 045 E 70| OLSR | OLSR | OLSR | OLSR | OLSR [ OLSR | OLSR | OLSR | OLSR OLSR
0,455 0,455 = 80| OLSR | OLSR | OLSR | OLSR | OLSR | OLSR | OLSR | OLSR | OLSR [ OLSR | OLSR
a} 935 032 so| o1sr | owsr | oisr | oisk [ oisk | owsr| osk | osk | oisk [osr | ok
o | Pa— pevr—— 100 oLsr [JB8BY| oLsr | ose | oisk| oisr| owsr | otsr | oise | oLse| oLsk
55 Mbps 11 Mbps 256| s512] 1024] 2048] 4098 .
0s 05 |OLSR |OLSR |OLSR |OLSR |OLSR Figure7 Best protocol wriAverage Delay
0,055 0,055 [OLsR |ousr [ous [oLsr [ousR
01s 0,15 OLSR_|OLSR |OLSR [OLSR
0,155 0,155 |OLSR |OLSR |OLSR [OLsR 3) Throughput
7 oz = [02s |owsR [oise [ousa |ous . .
g [oxss § [025s OISR OISR fOlSk (OLSA Concerning théhroughput the resultsre totallydifferent for
£ lo3s Z |o3s [owsk [oisR |oLsk [oLsR oLk . . .
0,355 0355 [0158 [0LsR |OLSR [0L5R [oLsk the two routing strategiegtable driven andon-demandl
0.4 D45 |OIHS OLRECERY DL SO RegardingAODV, the throughputlecreaseas the number of
0,455 0,455 |OLSR [OLSR |OLSR |OLSR |OLSR . . . . .
C)—lo= oss_|otss ok [ouse [ousa nodes is getting bigger. This because AODVachieves

smaller PDRfor larger groups(bigger number of nodes)



Furthermore, he speed affects slightlythe throughput other handachieves better results for small number of nodes
performance of the @DV. Unlike AODV, the throughpuin or for small number of packetA. certain pattern is observed
DSDV and OLSRncreasess the number of nodésxreases whenthe number of packets 50 or 100, the PDR is 100%.
This happens because, despite factthat the PDRof DSDV ~ Exceedingl00 packetsthere isa decrease which seems to
and OLSR is being decreased as the number of nodesach its peak whethere ar200 packets. After that the PDR
increasesthe percentage of the successfullywiglied packets increases without reaching though 100%herefore,in this

is still at a satisfactory level (the PDR is almost 50% for 100scenariothe best choicevhenthe PDRmattersthe most,is
nodes).Speed does not affect the performance of DSDV an@LSR when thenumber of packets high andDSDV when
OLSR.In almost every case (99.09%) SRachieveghe best thenumber of packetis smallor the network size is small
throughput (Fig8). Therefore, the best choivéth respecto

throughpufor this scenariehould beOLSR. | Mumber of Packets |
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133 gﬁg Eﬁi gi: gﬁ: gﬁg gi: gﬁg gﬁg gﬁg gﬁ: gﬁg When evaluating the performance of the routing quals in
terms ofaveragedelaywe observe that this metris greatly

Number of Nodes

Mumber of Nodes

Figure8 Best protocol wrihroughput affected bythe number of packe{she higher the number of
_ packets, the higher the average delgy lis case of AODY
4) Total Energy Consumption the delay is also affected by the number of nodes. Until the

: . ; ker of nodes becomes ,2the delayincreaseswith a
Based orthe simulationresults the total energy consumption num !
isalson ot affected blysteddthenumberd a9 raéeﬁ)@%lrgq to the cases where the numberodes
of nodesaffects thetotal energy consumptios such, a the arehigher thar0 (this isalsomore intense for small number

. . kets). In case of OLSR and DSDNe average delay is
number of nodes increases, the total energy consumptu% pac .
increasestoo. Similar to the previous metrics, DSDV and not dramatically affeted by the number of nodeAODV

; Iways achieves the highest delagp delivering packets
OLSR outperform AODV in all casesin most cases a . .
(88.18%),0LSR achievs the lowest energydissipation(Fig. D SD\./ outperfqrms OLSRin every cagéig. 11). Therefore,
9). DSDV is the best choicenly when the number of nodes is in this scenano,the best choicavhen the average delay
10. Accordingly, when the total energy consumptamcerns concerns us the mastDSDV.
us the most in this scenario, OLSRIis best choice |
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As expected, the higher the number of packets and nodes, the
Figure9 Bestprotocol wrt Total Energy Consumption higher the throughput is. thecase of AODV the throughput
C. Archaeological Site Scenario does not reach high levels due to the jmevcentagesf the

' PDR. Concening DSDV andOLSR  the throughpuincreases

1) Packet Delivery Ratio linearly as the number of nodésincreasingFig. 12 and B).
Overall, AODV achieves the lowesthroughput. OLSR
Rghieves the best throughput in most caBgsi{4. In the rest
cases (36.6%)DSDV outperformsOLSR Therefore,in this
scenario,the best choice based on the throughput is OLSR
when thenumber of packetbeingtransmitteds high DSDV
is the best choicewhen the number of packets being
transmittecor thenumber of nodess small(Fig. 14)

Based on the simulation resultte PDR isaffected by the
number of nodes and by the number of packets being sent.
expected, the heavier the traffic, the lowez #DR is. Also,
as the number of nodemcreases the PDR decreases
Regarding AODV, een for light traffic (5 nodesand 50
packet} the PDR does naurpass thé0% and therefore has
never the best PDRN most casesDLSR exhibits the best
PDR (Fig. 10). It succeeds in delivering packets 38.5%
regardless of the simulation parameters in DDV on the
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Figure13 Throughput vs. Number of Nodes, OLSR Routing Protocol V. CONCLUSIONS

In this paper, wéave examined the performanof the
I P ————— I AODV, DSDV and QLSROL_Jting protocolsin threere_aHife

col 100l 150] 200 250] 500 350] 200l asol So0 scenarios by varyinghe simulation parameters in each
scenario andy measuring four performance metrics (Packet
Delivery Ratio (PDR), Average Delay, Throughput, and Total
Energy Consumptio).

Considering the aforementionaimnulatiorrbasedresults,
we can conclude thatonsideringPDR andregardlesof the
size of the network, OLSR performs better. Al§aSDV
achievesbetter results for bigger packets sizes and for lower
4) Total EnergyConsumption DSSS Rates. Congidng the average delay, DSDV performs

As expected, for all three protocalad especially for DSDV better for lower DSSS Rates. For small networks, OLSR

and OLSR the total energy consumption linearly affected gchieves better results and as the size of the 'n('atwork
by the number of packe?sy being seelt and by }[/he number [icreases, DSDVWperforms better. Average delagxhibits

nodes participating in the netwofRig. 15 and ). DSDV arge variabilityin AODV (recall that it is a reaiste protocol),

: ; ; but remainglmostconstan{with extremely small changea$
outperbrmsall protocols in every case, while AODV is the .
P R Y the number of nodes and the speed chamgye3LSR and

worst (ig. 17). Therefore, the best choice for this scenario . -
P DSDV (Proactive Protocols). Considering the throughput,
based on the total energy consumption is DSDV. regardlesof the size of the network, OLSR performs better.
DSDV achevesbetter results for bigger packets sizes and for
lower DSSS Rates. For the total energy consumpbBb&DV
performs better for bigger packets sizgal OLSR achieves
better results for higher DSSS Rates, when the size of the
network is small (less thatD nodes).

Overall, it is clear thatDSDV and OLSR always
outperform AODV. In most cases, DSDV and OLSR achieve
similar results due to their similar nature (they both are
proactive routing protocols). Howevethe selection of the
proper routing protocoldepends highly on the application in
use.Finally, we observed that thepeedof the mobile nodes
or the mobility patterrdoes not affect the performance of the

Figure 15 Total Energy Consumption vs. Number of Nodes, DSDV Rauti  protocols on small and average size networks.
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Figurel14 Bestprotocol wrtThroughput



