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Abstract: Problem statement: Wireless networks are characterized by a dynaagolbgy triggered

by the nodes mobility. Thus, the wireless multi-hoponnection and the channel do not have
determinist behaviour such as: Interference oriplalpaths. Moreover, the nodes’ invisibility makes
the wireless channel difficult to detect. This Wwéss networks’ behaviour should be scrutinized.
Approach: In our study, we mainly focus on radio propagatioodels by observing the evolution of
the routing layer's performances in terms of tharabteristics of the physical laydesults. For this
purpose, we first examine and then display the kitimn findings of the impact of different radio
propagation models on the performance of ad howorks. To fully understand how these various
radio models influence the networks performance,haee compared the performances of several
routing protocols (DSR, AODV and DSDV) for each pagation model. In order to reach credible
results, we focused on the notion of nodes’ speetithe number of connections by using the well
known network simulator NS-Zonclusion: To conclude, the simulation findings are to beetaks a
strong reference on the three routing protocolsiaveour; however, it shouldn’t be considered as an
exact representation of its behaviour and realrenment because of several simulation constraints
such as: the dimension of movement field of mobddes, the traffic type and the simulation timing.

Key words: MANET, ad-hoc networks, routing protocols, DSR,I& AODV, fading, propagation
model, economic impact

INTRODUCTION

Diffraction

Before using a wireless network or installing the retiection I ; o
stations of a cellular network, we have to detemilme E :
radio waves’ targeted coverage. The targeted radio
coverage has a crucial economic impact because it
determines the equipment to be utilized. In otherds, A

the bigger the coverage is the fewer antennas are@ Hoooiver

required to cover the region or to reach a gramd.ar "T . Seattering %
. . ransmitter -7

Besides, the radio coverage depends on severa ;& =

parameters such as the emission power. However, the e

environment where the waves spread and the utilized

frequency also play a crucial role. The radioFig. 1: The different physical phenomena disturbing
propagation waves are controlled by strict rules, radio signal propagation

mainly when there are obstacles between the

transmitter and the receiver (Zang and Rowe, 2007; The rest of this study is organized as follows. We
Kayaet al., 2009). Among the changes a wave maygive the radio propagation models types. Then we
undergo, we can cite: reflection, diffraction, discuss of routing protocols concepts in ad hoc
diffusion and absorption (Fig. 1). networks. In addition, we declare the methodologies
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simulation. Finally, we investigate the impact aflio  where d is small. Hence, in this model, we caleutjt
propagation models on the performances of routingas a cross-over distance. When g<wle use the first
protocols in ad hoc networks and we present ouequation, but when d <.dthe second equation is used.
conclusions. At the cross-over distance, Eq. 1 and 2 give simila

results. Consequently, dan be calculated as Eq. 3:
Radio propagation models: In a propagation model,

we use a set of mathematical models which are h

supposed to provide an increasing precision.d, :Tl (3)
Propagation radio models are three types: path loss

shadowing and fading. The first type can be expekss
as the power loss during the signal propagatiothén
free space. The second type is characterized tag fix
obstacles on the path of the radio signal propagati
The third category is the fading which is composéd

multiple propagation distances, the fast movements dlstancet. varlf?s traEdome bfe‘é"?‘use ffOft m#l(litllépath
transmitters and receivers units and finally thePropagation etects, known as fading etiects. '

; two aforementioned models predict the mean received
reflectors (Eltahir, 2007). power at distance d. The shadowing model is twofold

Shadowing model: Both the free space and the two-ray
models predict the received power in terms of the
distance. They also represent a communication asea

an ideal circle. In fact, the received power atizeg

Free space modd: The free space model assumes tha1|(smgh and Kapang, 2011). The first model is thth_pa
in the ideal propagation condition between the oss model represented by ). It employs a close in

transmitter and the receiver, there is only onarcléne distance gas follows Eq. 4:
Of Slight (LOS) path. The following equation calatd

the received signal power in a free space Eq. 1: R(d)_[d ’ 4)
R(d) \d,
PG,GA?
R (=Tt (1) | |
(4m)°d°L B is called the path loss exponent and is often

empirically determined by filed measurement. Edqrati
where, Ris the power transmission (in watts),add G =~ 3 implies thatp = 2 in free space propagation. The
are the antenna gains of the transmitter and receiv Table 1 gives typical values pf(Fall, 2001).
respectively. L is the system loss factoris the wave Langer values of correspond to more obstructions
length and d is the distance between the transnaitteé  and thus faster decrease in average received pasver
the receiver (Singh and Kapang, 2011) distance becomes larger. From Eq. 4, we have:

Two-ray ground model: The free space model P (d) d

mentioned above states that there is only one esingl{P’(do ):l =-108 Iog[doj (5)
direct path. In fact, the signal reaches the regeiv L' d8

through multiple paths (due to reflection, refrantand )

scattering). The two-path model attempts to accéamt The second part of the shadowing model reflects
this phenomenon. In other words, the model advscatethe variations of received power at certain distaffn.
that the signal attains the receiver via true paiiime- ). It is a log-normal random variable. The overall
of-slight path and a path through which the refidct model is represented by Eq. 6:

wave is received (Singh and Kapang, 2011). Inwee t

path model, the received power is represented bR Eq {P(d)

- d
P )L =-108 Iog{ dg]+xd5 (6)

where, X is Gaussian random variable with zero mean

where, hand h are the heights of the transmitter and and standard deviatians
receiver respectively. Nonetheless, for short dists, oge is called shadowing deviation and also
the two-ray model does not give accurate result®btained through measurement in the real
because of in oscillation caused by the constraaiivd ~ environment. Table 2 displays some typical values o
destructive combination of the two rays. Theogs. This equation is also labelled a log-normal
propagation model in the free space is instedtiused  shadowing model.
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Table 1: Some Typical values of path Iss Where:

Environment B K = The ratio of the power received in the direct
Outdoor Free space 2 . .

. Shadowed urban area 2.7-5 line and in the path
In building (lslget-Of-tSl(gjht }1-%-1 8 P = The average power received
Stuce . lo (X) = The zero-order Bessel function de fined by &

Table 2: Typical values of shadowing deviatuB
Environment Oue (dB) 1 fon
Gutdoor 112 1o)== [ "exp(-xcoD )@ ©)
Office, hard partition 7.00 2m
Office, soft partition 9.60
Factory, line-of-sight 3-60 : : ; ;
Factory. obstructed 6.80 The density of Rice is reduced to the density of

Rayleigh in the case of an absence of a direct path

Small-scale fading model: Rayleigh and rice: This which means that K = 0 and this(x) =1.

fading model depicts the rapid fluctuations of the

received 5'9”?" due to multlpath_fadmg. This faglin several other distributions as particular cases. To
phenomenon is gene_rated l?y the lnterference_MI_ describe Rayleigh distribution, we assumed that the
two types of transmitted signals to the receivemwi y,nqmitted signals are similar and their phases ar
slight time intervals (Amjad_ and Stocker,_ZOlO).eTh approximate. Nakagami model is more realistic it th
outcome may vary according to fluctuations and 10 gjiows similarly to the signals to be approximat
different phases in terms of multiple factors sash  gjnce we have used the same labels as in Rayleh a

delay between waves, the intensity and the sigaatlb ;.o cases, we have\Zr.eie“ . The probability density
width. Hence, the system performance may '

attenuated by the fading. However, there are sever®f Nakagamirelated to ris represented by Eq. 10:
techniques that help stopping this fading. The aign I 5

fading were monitored according to a statistical la Pr(r)zzmirm ex;{—mr] , 2 C (10)
wherein the most frequently used distribution is F{m)Q Q

Raleigh’'s (Carvalhoet al., 2004). The transmitted _ _

signal is, thus, conditioned by the following W?ege,r(m) is gamma functionf2 = (") and m = {E
phenomena: reflection, scattering and diffusioraris (")} /var () with the constraint edl/2. Nakagami
to these three phenomena, the transmitted power mdjedel is a gene_ral, distribution of fading which is
reach the hidden areas despite the lack of diredfduced to Rayleigh's distribution for m = 1 and to
visibility (NLOS) between the transmitter and raeei unilateral Gaussian model for m = 1/2. Besides, it

Consequently, the amount of the received signalahas represents pretty .much rce model_an_d It is claser
. . . certain conditions in the lognormal distribution.
density of Rayleigh Eq. 7:

Nakagami model: This distribution encompasses

Ad hoc routing protocols: Ad hoc routing protocols

2
f(x)= gexp(—x—), pour & X< o ) are based on fundamental principles of routing fagh
- OP Ppour <0 Inundation (flooding), the distance Vector, the thog

to the source and the state of the site. Accortbntipe
where, P is the average received power. In casgawheVay routes are created and maintained during the da

there is a direct path (LOS) between the transrmiel ~ delivery, the routing protocols can be characteriséo
receiver, the signal no longer obeys to Rayleiggve WO categories: proactive and reactive (Feeney9JL99
but to Rice’s. The probability density of Rice is Among the tested protocols in this study, only DSBV

represented by Eq. 8: proactive and the others (DSR and AODV) are all
reactive. Proactive protocols update route inforomat
2x(K +1) (K +1)x? periodically, whereas reactive protocols estahi@fies
eXP[‘K‘P] 0 only when needed. Here is a summary of the routing

protocols assessed in this study.

_ /K(K+1)
f00 = [ZX P ],pour()sxsoo ® Dynamic Source Routing (DSR): During the

discovery process of routing, a source node geseiat

route-request packet which needs a new route to a

certain destination. The route request is connected
754
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through the network until it reaches some nodebk wit Scenario 1. So as to analyse the ad hoc routing
route to destination. A reply packet containing allprotocols’ behaviour, we selected traffic sourcéth &
information of intermediate nodes is sent backhe t constant output (CBR) related to UDP protocol. The
source. The sent packets contain a list of all sodepacket emission rate is settled at 8 packets pEnse
through which they have to transit. This list cam b with a maximal speed variation of nodes. Ten speed
huge in a network with a big diameter. The nodes dwalues were considered: 1, 2, 3, 4,5, 6, 7, i®1® m
not need the routing table. There are two DSR basigec’. The assessed protocols are: AODV, DSR and
operations: the route discovery and the routeDSDV. These three are available in 2.34 of ns-2 Th
maintenance. In order to cut down the expenses angropagation models under study are: the free sphee,
the frequency of the route discovery, every singletwo-Ray ground, Rice’s and Nakagami’'s models. The
node keeps track of the paths thanks to reply gacke simulation span is of 200 sec. The data packet isize
These paths are used until they become uselessl?2 octets. The mobile nodes utilize the random
(Khatri and Rajput, 2010). waypoint mobility model (Geetha and Gopinath, 2008)
The Mobil nodes move within a square dimension
Ad-hoc On-Demand Distance Vector protocol area 678670 m. At the moment, we limit the
(AODV): AODV has a way for route request close tonumber of sources in 10 and we analyse the impact
that of DSR. However, AODV does not perform aof the nodes’ speed.
routing to the source. Every single node on théh pat
refers to a point towards its neighbour from whith Scenario 2: The number of sources may be another
receives a reply. When a transit node needs bretdlaa parameter that can be altered so as to look at the
route request to a neighbour, it also stores th#geno different routing protocols’ performance. In thiarp
identifier in the routing table from which the fineply  we display the impact of the traffic load on theting
is received. To check the links state, AODV usesprotocols. For this reason, we have varied a nurober
control messages (Hello) between direct neighbours;onnections. Six cases were considered: 5, 10205,
Besides, AODV utilizes a sequence number to avoid 25 and 30 connections. For the time being, letistli

round trip and to ensure using the most recentesout the nodes’ maximal speed at 10 m$euhile the other
(Alfawaer and Hua, 2007). parameters are similar to those in the first case.

DSDV protocol: The algorithm Dynamic destination _Performancemdmators Because of the length chosen

Sequenced Distance Vector (DSDV) (Gupta and Sake" t.hls StUdY’ we have selected just thre_e perfamaa
2011; Rameslet al., 2010) has been constructed forlhd|cators in order to study_ the routing p.rotocols
mobile networks. Each mobile station keeps a rgutin 82&%?6122?;36?3 da:/e?;tlénetg grs] dfﬂggs'aigcrﬁ;
table which contains all possible destinations, bem Y k 9 y

of hops to reach the destination, Sequence Numbéproughput.

(SN) associated with the node destination to disiish  packet Delivery Fraction (PDF): This is the ratio of
the new routes of the old a ones and avoid thggia| number of CBR packets successfully received b
formation of round trip routing. The table updatisy the destination nodes to the number of CBR packets

periodically transmitted across the network SO @s tgent by the source nodes throughout the simulation:
sustain the information consistency and thus geéeera

an important traffic. n
ZCBRrecv
MATERIALSAND METHODS Pkt _Delivery)o=—————x10C
ZCBRsem
1

Methodology: In this study, on one hand we study the

impact of different propagation models in order to This estimation gives us an idea of how successful
analyse the environment effect on the ad hoc nétsvor the protocol is in delivering packets to the apgiien
performance. On the other hand, we have compareldyer. A high value of PDF indicates that most loé t
several routing protocols performances (DSR, AODVpackets are being delivered to the higher layedsitis

and DSDV) according to every propagation models. Ina good indicator of the protocol performance.
order to obtain valid results, we have insertednibiion

of the nodes speed and the number of connectidres. T Average End-To-End Delay (AE2E Delay): This is

assessment is twofold: First, we diversified thele®d  defined as the average delay in transmission afcket

speed. Second, we altered the number of connections between two nodes and is calculated as follows:
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because the two models create a very dynamic tggolo
in our simulations. Since DSR relies heavily orrestio
ZHZCBR@CV paths, it is more inclined to utilize informatiomaut

1 lost paths. Consequently, this generates high packe

routing fraction and low packet delivery.
A higher value of end-to-end delay means that the

Zn:(CBRsemiTime_ CBR recviTim)
Avg_End_to_End_delay-%

network is congested and hence the routing protocol 110

does not perform well. It depends on the physical 100] gt t— g g —e
.. . 1 s Tt T ——tr—y

characteristics of a link and the delay of treatinen 00 J

L LSy ——
iy g s
30 e, o e

Throughput: The throughput data reflects the effective 70
network capacity. It is computed by dividing the
message size with the time it took to arrive at its 50

destination. It is measured considering the hops 40 4

60 4

PDF(®

—
b —
" [P — g
“y

performed by each packet. 304 —a—Frec Space  —e—Rayleigh —A—Twomy
5] —yp—Shadowitlp —#— Ricennn —4— Nokagami
RESULTSAND DISCUSSION L O O SO O S e s TS
. . . . . . e 0 5 ‘l (Il L\ l‘(]
Simulation findings: In this part, we display the study Max speed (m/sec)
findings about the impact of the nodes’ maximalespe @

and the traffic load on the routing protocols; adéaug

to the three aforementioned performance indicators: 1:;' 1 i
N X 0 '.'.-v_-_!._-':!—l—-_‘—-—h.—\n

packets Delivery fraction, Throughput and average e 9613 e ’“:x--;?‘??:i::'—'

to end delay. @ e e A ===,
70 : : '

Scenario 1: The results corresponding to the PDF, = &0 1 ““"H«Hl/«--w-ﬂ\

AE2E Delay and throughput are shown in Fig. 2-4 £ so R

reSpeCtIVG'y. 40 1 3 —U—Fvc:_fxp.ncn -—'Q—IRT-\'h.'I'__‘h —a—.- Tworay
30 =w=Shadowing Ricean == Nakagami

Packet delivery fraction: In Fig. 2, we notice that the 0 o

_ ! 9. « . ot T e
packet delivery fraction varies slightly accorditagthe 2 : . prasiTeres :

speed increase. Consequently, the links are relgtiv 0 2 el 6 8 10
steady and weaker with a weak speed. AODV and DSR M"“‘“EE')'" el
offer more packets than DSDV. Besides, when the

nodes’ speed increases, the packet delivery dexseas

bit in case of DSDV. Hence, the main reason for the "7 ¥ 7 A S S S oot B
packet loss is mobility, congestion and the wirgles - ey O I |

.. 30 7 s il
channel characteristics. ] —

Meanwhile, we notice that the free-space and the _ ; |
two-ray ground deliver more packets than the other

PDF (%

models such as; first Rice, second Rayleigh third = 40 4 E:fnj o s i l
Nakagami and finally the shadowing. Rice’s model T e
performance operates according to straight siglat an 201

employs the free-space for long distance prediction [ ., ey |
Whereas, the shadowing bad performance is dueeto th R i S e S R A s i e S
low intensity of the signal caused by the obstacléss ¢ 2 i 9 3 1o

results in the packet loss on weak links, displasengly WK sperhowion)
the links disconnection and leads to the interomptind ©
thus the dire need to set up a new itinerary. D&ts Fig. 2: (a) AODV- PDF (b) DSDV-PDF (c) DSR-PDF
badly to the use of shadowing and Nakagami models versus Speed
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(c) DSR-AEZ2E Delay versus Speed

packets will be deleted once they reach their bmoke
links. In addition, the data packets in DSR undergo
extra delays during the communication interfaces’
waiting because of the frequent retransmissionss Th
latency causes the packets death (their deletion).
Similarly to PDF, we notice that the free-space dred
two-ray ground endure less delay than the otheratsod
followed by first Rice, second Rayleigh third Nakagy

and finally the shadowing model. The weak
performance of shadowing and Nakagami stems from
the fact that when we observe the slope indicattivey
un-mentioned collisions’ rate, we realize that the
phenomenon is accounted for. The nodes’ mobility ha
an influence on every single parameter; in otherdap

it influences mainly the end-to-end delay.

Throughput: As mentioned in part PDF, the higher the
received packets rate. As we expected, the thraughp
decreases slightly when the speed increases bettause
has to find the path for more routing traffic deliy.
Therefore, the channel will be less used for thea da
transfer to as to reduce the useful throughpute Lik
AODV, in case of DSDV, the throughput decreases as
the speed increases (Fig. 4).

Scenario 2: The results corresponding to the PDF,
AEZ2E Delay and Throughput are shown in Fig. 5-7
respectively.

Packet delivery fraction: Figure 5, displays, different
routing protocols performances in terms of the nemb
of connections. The charts also display that if the
number of connections increases, the delivery ivact
value tends to decrease for all models. Thus, tkere
network congestion.

In this scenario, DSDV is less preferment than
AODV and DSR because their PDF are over 99% in so
far as it reaches 10 connections. However, when we
increase the number of connections in PDF, DSR
should be compared to AODV.

Average end-to-end delay: In Figure 6, as expected,
the delay is higher for non direct-sight propagatio
models (NLOS). Moreover, as there are more debgeri

the average delay also increases. Consequently, the
packets have to wait more in a stand by positioneitm

of delays, we can observe that DSDV and AODV are
more efficient than DSR. We also notice that defays

Average end-to-end delay: Figure 3, displays that the two protocols increase rapidly according to the
DSR has more system timing than AODV and DSDVnumber of connections because of the high traffic
because in DSR, the intermediate nodes are alléaed congestion in some areas of the ad hoc networks.
reply through stored paths in their memories, widich  DSDV, this is accounted for by its use of priority

unfortunately, often invalid. Hence, the transndittiata
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Fig. 5: (a) AODV-PDF (b) DSDV- PDF (c) DSR-PDF
versus speed number of connections

Hence, a protocol packet is always treated pricarty
data packet even if it arrives later. On the othand
DSDV does not distinguish between the protocol
packets and the data ones during the waiting phase.
Instead all packets are treated according to treival

Throughput (c) DSR-Throughput versus speedranking.
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Throughput: In Figure 7, we naotice that the throughput

diminishes significantly with an increase of theffic  Fig 7. (a) AODV-Throughput (b) DSDV-Throughput
load. DSDV pr0t000| is steadier than AODV for the (C) DSR_Throughput versus number of

increasing number of connections. connections
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Conclusions and per spectives: In this article, we study
the impact of different radio propagation modelstiom
performance of ad hoc networks. According to the
simulation findings, we may state that the choitéhe
propagation models has a great impact on the mputin
protocol's performance. In this respect, we have
identified both the determinist and the statistc ~ Conference, Mar. 21-25, |IEEE Xplore Press, pp:
modelizations. The simulation findings have revdale = 219-224. DOI10.1109/WCNC.2004.1311546
that the different propagation models have aEltahlr, |K, 2007. The ImpaCt of different radio
considerable impact on the performance of the ad ho  propagation models for Mobile Ad hoc NETworks
mobile network. The latter decreases rapidly when t (MANET) in urban area environment. Proceedings
fading models, mainly Ricean, Rayleigh, Shadowing of The 2nd International Conference on Wireless
and Nakagami have been taken into consideratioa. Th  Broadband and Ultra Wideband Communications,
main reasons of their deterioration are the outcofe Aug. 27-30, IEEE Xplore Press, Sydney, NSW, pp:
the big variation in the received intensity signal. 30-30. DOI: 10.1109/AUSWIRELESS.2007.80
According to the results to the routing protocols’ Fall, K., 2001. The ns manual. National Institute o
performance, we find out that there is no preferabl Informatics.
protocol among the others all scenarios and thgeeney, L.M., 1999. A taxonomy for routing protecol
assessing criteria. On the other hand, no matterthe in mobile ad hoc networks. SICS Report.
nodes’ speed is, the DSDV is more efficiency im®r  Geetha, J and G. Gopinath, 2008. Performance
of the delay because of its proactive features. ¢i@w Comparison of Two On-demand Routing Protocols

its activity sharing is very weak, which influenceée for ad-hoc networks based on random way point
network stability and thus becomes weak; wherdues, t mobility model. Am. J. Applied Sci., 5: 659-664

activity concentration is high. AODV and DSR have DOI: 10.3844/ajassp.2008.659.664

the best performances in terms of the delivery pack .
fraction. DSR uses the cash memory for the routeGUpta’ S'K'. and R.K. Saket, 2011, Perfo_rmance metri
discovery. This factor decreases the delay perfoces comparison of AODV and DSDV rou“”‘-?l protocols
which may be due to the excessive use of cash nyemor in manets using ns-2. IJRRAS, 7: 339-350.
and the inability to delete the old routes. Nonkt®, it www.arpapress.com/Volumes/Vol7Issue3/lJRRAS
seems that the use of cash memory enables DSR to _7_3_15.pdf )
maintain a weak overload. Kaya, A.O., LJ. Greenstein and W. Trappe, 2009.
To conclude, the simulation findings are to be Characterizing indoor wireless channels via ray
taken as a Strong reference on the three routing tracing CO.mbined with stochastic modeling. IEEE
protoco|s’ behaviour; however, it shouldn't be Trans. Wireless Commun., 8: 4165-4175. DOI:
considered as an exact representation of its behavi 10.1109/TWC.2009.080785
and real environment because of several simulatiohatri, P. and M. Rajput, 2010. Performance stufly o

constraints such as: the dimension of movemer 6él
mobile nodes, the traffic type and the simulatiomrig.
In the forthcoming studies, we will look at the tiog
protocols’ behaviours in the multi-channel enviramn

and/or multi-networks in order to determine the key
parameters that have an impact on the protocols’
Singh, P.K. and L. Kapang, 2011. Comparative stfdy

choice. Besides, we will try to develop new profsaar
alter the existing ones.
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