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Abstract: Mobility has always represented a complicated6]. Moreover, mobility can prolong the nodes life¢, since

phenomenon in the network routing process. This ptexity is
mainly facilitated in the way that ensures reliabnections for
efficient orientation of data. Many years ago, efi#nt studies were
initiated basing on routing protocols dedicated #tatic
environments in order to adapt them to the moliMirenment. In
the present work, we have a different vision of ffigbthat has
many advantages due to its 'mobile’ principle. #utjenstead of
searching to prevent mobility and testing for exntp immobilize
momentarily a mobile environment to provide routtagk, we will
exploit this mobility to improve routing. Based dmat, we carried
out a set of works to achieve this objective.

For our first contribution, we found that the besty to make
use of this mobility is to follow a mobility modeMany models
have been proposed in the literature and emplogetidata source
in most studies. After a careful study, we focusedthe Random
Waypoint mobility model (RWP) in order to ensure ting in
wireless networks. Our contribution involves a Rand&/aypoint
model (in its basic version) that was achieved lo@a TOSSIM
simulator, and it was considered as a platformofar second (and
main) contribution, in which we suggested an apgiidzased RWP
where network nodes can collaborate and work tegdthsing on
our recommended algorithm. Such an approach offaesy
advantages to ensure routing in a dynamic envirotnignally,
our contributions comprise innovative ideas for gegiing other
solutions that will improve them.

data transfer between two nodes does not usuadlythus
same relayed nodes in the path route. In additiGgrves to
increase connectivity between nodes, since mobitkes can
help the communication between two isolated nodgsl{
also helps to extend the coverage area of intefi@st
However, mobility can cause some challenging proble
like disconnection of nodes during the handovercess.
Other issues related to the nodes mobility are ureso
management, topology control, quality of servicgscurity
and routing protocol.

In a MWSN, there is at least one mobile entity dhd
remaining sensors are static. Mobile entities aoke do
communicate with neighboring sensors. In accordanite
the role played, mobile entities can be either meobiase
station, which acts as network data collector, arbite
sensors that detect changes in the environmenerve ss
data relay nodes. The mobility of the mobile SBtgyas or
mobile sensors could be used to improve network
performance, such as the network lifetime. Thesédilmo
units can be introduced naturally or artificiallaped. The
mobility model of each mobile entity is generallgtermined
according to the specific application and the sifethe
WSN.

Keywords: Mobility Model, Wireless Sensor Network, RandomIn reality, mobility and deployment design of a MV& a

Waypoint, Routing

1. Introduction

In recent years, the technology of wireless netadiks been
growing thanks to technological developments iniow
areas related to microelectronics. In addition, hwihe

emergence of Wireless Sensor Networks (WSNSs), ney
themes have been opened and new challenges havgeeime

to meet the needs of individuals and the requirésneih
several areas application (industrial, cultural;iemmental):
observation of rare species life,
infrastructure structure, optimization of treatmefor

patients, etc. These issues motivate many researCh%vireless netw

Indeed, despite the remarkable progress in thid, fibere
are still many problems to solve. Thus, new pro®dmve
been proposed to address the control of the medioass,
routing, mobility etc. in sensor networks.

Regarding mobility, traditional Wireless Sensor Watks
(WSNSs) are developed using static nodes (SNs)Thgse
networks can be applied in numerous applicatiorth aas
healthcare [2], military, industrial, monitoringatking based
on multimedia sensor [3] and many other fields][4tEence,

a lot of research and propositions are made foticsta

scenarios. Nevertheless, the advanced technologyves
applying more complex applications, which requirebitity
of its nodes. Mobility of nodes can enlarge WSNIigagions

monitoring  of thg

complex problem that involves design requirememtshility
capability of mobile sensors, network environmeatd
application constraints such as time requiremeitsording

to these design constraints, mobility strategyatairative
model, the data packets and the routing protocollshbe
approached with caution in terms of network perfamoe.

The purpose of our work is divided into two objees.
rsty we make the implementation of a mostly used
mobility model by researchers (namely Random Waytoi
mobility model - RWP) under one of the simulatodidated

to WSN (that is TOSSIM). That We Consider this
mplementation is paramount in the research figlsl,the
RWP model is wide used among researchers (field of
orks). Secondly, We are interestedpply a
variant of the mobility model RWP (named RoutingaBam
WayPoint "R-RWP") on the whole network in order to
maximize the coverage radius of the Base Statidmictwwill

be fixed in our study) and thus to optimize theigubrthe
end-to-end delay for data delivery (this is to byt
Routing).

The paper is organized as follows:

At first, a primary part that would be interesten @n
exhibition of works that have been studying thefedént
mobility models in wireless environments, after easduct a
presentation of the different mobility models usedthe
literature, then an exhibition of RWP given that dab
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represents the heart of our work. Afterwards, watiooe
with a presentation of different simulators dedichtto
wireless sensor networks, then we introduce outritarion
consists in introducing the RWP mobility model i©FSIM
simulator.

In the second part, we first present the works tha
interested to optimize routing in mobile environmerhen,
we present our contribution that consists of anatgdf
RWP mobility model to optimize routing in such a bile
environment. We end with a presentation of the Itgsu
obtained through simulation, and also a comparigitim the
basic RWP is presented.

This work will be completed with a conclusion and

perspective.

2. TOSSIM and mobility models
2.1. Related works

[9] analyze the performance of the mobility managetm
scheme (i.e. PNEMO) with respect to RWP and CV titgbi
models. In order to implement an extensive simomati
scenario as well as the modeling of the PNEMO seheraw
code is integrated with the current modules in Nsh@ulator
environment. Simulation results show that the digga
requirements for these two models are much differiénis
also indicated that the comparative handoff defagdEMO
scheme may vary depending on different mobility etod
[10]. have conducted detailed study of severalterand
group mobility models that have been proposed inN&A
research. Authors have proposed the new mobilitgehthat

covers some specific implementation area. Through

simulations, Authors have found significant effeof

attraction points in MANET performance. Because of

attraction points, mobile nodes used to be accuedlin
certain parts of simulation area forming small gr@uSuch
accumulation around attraction point causes lowkgac
delivery ratio compared to RWP mobility model. Thesult
came because, nodes accumulate around attractiots,pid
source and destination node belongs in same clust
delivering packets from source to destination doeistake
long time. If source and destination belongs tded#nt
cluster, packet gets lost or remains in buffer oims
neighboring nodes.

[11] studied the connectivity of the network of MANSs
considering Random Waypoint Mobility model by chizgg
number of nodes, simulation time, length and widtrthe
simulation area. Authors also studied the conniggtiif
agent nodes are used. They give an approximate dflea

minimum number of nodes required to be deployed |1

achieve network connectivity of particular areaR&ndom
Waypoint Mobility model is considered. Authors alsioow
the usefulness of agent nodes to improve conngctibi

Random Waypoint Mobility pattern of the nodes are

considered.
2.2. Mobility models

Mobility is an important factor in wireless netwsrklt
represents the movement of mobile nodes (MNs) awl h
their speed and direction are changed over timebilitho
models represent or predict user's or wireless ca&vi
movements. These models are often used to simulate
emulate the actual movement of the devices in teoims

geometry, speed, etc., in a geographic area. Aifisignt
body of literature [10] has shown that the mobilitiyectly
affects communication performance in terms of thhqut
and delay. Mobility models can be simulated in tways:
using traces obtained through real experimentggeoerating
synthetic data using the statistical charactedsficaces are
real mobility patterns that exist in life. Syntfets trying to
realistically represent the movement of users endhsence
of traces availability. There are many differentywato
classify synthetic mobility models such as indiatand
group mobility models “as shown in Table 1”.

Table 1.Classification of mobility models
Mobility models

Group Mobility Models Individual Mobility Models
Nomadic [12] Random Walk [13]
Column [13- 12] Random WayPoint [14]

Exponential Correlated I
Random [15] Probabilistic Random Walk [13]

Pursue [12] Random Direction [13]
Reference Point [16] Gauss — Markov [17]

» Individual models, where the mobility of each naule
determined independently of each other.

» Group models, which take into account the correfatf
movements between some nodes. These models divide
the nodes into several groups and end up a reiipn
between the mobile units belonging to the samepgrou

In addition, there are three types of law of moweine

random, deterministic and hybrid

* Random patterns are random arbitrary displacemauht a

without environmental constraints. These are simple

models to implement and therefore widely used.

Deterministic models, are based on traces (behawibr

users observed in actual systems).

Hybrid models achieve a compromise between sintplici

and realism, but are difficult to implement.

Among the individual models, we can cite: Random

Waypoint, Random Direction, and Gauss-Markov. RPGM

gReference Point Group Model) and Sanchez modelsher

most used group mobility models. The Manhattan rsode

(representing the movement of nodes in an urbaa) aned

Freeway (modeling the movements of vehicles on ad ro

network) are hybrid models based on the use of maps

We will describe more precisely in what follows tRandom

Waypoint model, the model on which we will base stuidy.

A0

Figure 1: Traveling pattern of a Mobile node using the
Random Waypoint Model [13]
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2.3. Random Waypoint Model

This model was first used by Johnson and Maltzhe t
evaluation of the routing protocol DSR [18] and when
refined by the same authors. The Random Waypoinsés!
to model all scenarios in which the nodes move tdwa
destination, take a pause time at arrival, theneriovanother
destination, and so on. In this model each nodeosi®
randomly, as a destination point of coordinatesyjxin the
surface of simulation, and a speed between 0 anaxVm
The node trips to the chosen destination with thiecsed
speed. Upon arrival, the node takes a pause tifwebé&o
again choose a new destination and a new speegpéatthe
same process. Studies have been made on this sindelit
is the model most often used in the simulations wuéhe
ease of its implementation. Some studies haveetletiie
initialization of this model and the convergencedi of
simulations in the case where the nodes begin kingaa
pause time. In [19], it is shown that the Randonydnt, in
its current form, does not reach a state of equuii, but
rather that the speed is decreased without inteomupvhile
the simulation progresses, which can distort thsults.
Based on the carried out analyzes, the authorsopeopa
simple solution which is to choose a strictly pesitvalue
for the minimum speed.

Figure 1 shows example traveling pattern of a neohidde
using the random waypoint mobility model starting aa
randomly chosen point or position (133, 180); theesl of
the mobile node in the figure is uniformly choserivieen 0
and 10 m/s [13].We note that the movement pattéra o
mobile node using the random waypoint mobility moide
similar to the random walk mobility model [13] iapse time
is zero. In most of the performance investigatitrag use the
random waypoint mobility model, the mobile node® ar
initially distributed randomly around the simulaticarea.
This initial random distribution of mobile nodes ot
representative of the manner in which nodes disteib
themselves when moving.

Random Waypoint applied for each mobile p the feifag
instructions:

do
{

Step 1: Select a new value for DestP uniformly in

each direction.

Step 2: Select a new value for Vp uniformly on the

interval [Vmin, Vmax].
Step 3: Move it mobile p to DestP with speed Vp;

Step 4: Select a new value for PauseP uniformly on

the interval [Pmin, Pmax].
Step 5: Pauses a PauseP duration;
}
While (end of simulation time)
Such as:
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2.4. Wireless Sensor Network Simulators

Sensor network simulators are many and varied. irakes
choosing the best very difficult simulator for angec
application. Indeed, each is differentiated by bthe
characteristics that make him the best for a vemgcidic
application, under defined conditions. However, g@me
simulator may be not the good simulator in other
circumstances or for other applications.

Ns (network simulaton) (also known as the ns-2) is a
network of discrete event simulator. It is popularthe
research community by its extensible nature, naase
free software and the availability of a rich docunta¢ion

on the internet. This simulator is instead used tfa
simulation of routing protocols and emission / p@n
and especially for research in the ad-hoc networks.
OPNET (Optimum Performance Network) is a network
simulation tool very powerful and very complete. NOEY

is based on an intuitive graphical interface; tise and
mastery are relatively easy. In fact, it has tHesels: the
network domain, the node domain and process domain.
This is a simulator of WSN, object oriented, writie C
and C ++ with a very rich library but it is not dadle to
everyone. In fact, OPNET is only available under a
commercial license.

OMNeT ++ is a discrete event simulator. It is based on a
component-oriented architecture, the modules aittewr

in C ++. OMNeT was primarily designed to simuldte t
communication in networks but thanks to its flegibl
architecture and generic, it was then used for nudhgr
applications. Although OMNeT is not a network
simulator itself, it is gaining wide popularity ametwork
simulation platform to the scientific community atite
industrial area.

TOSSIM is the TinyOS simulator. Indeed, this is a
simulator / emulator discrete event sensor networks
equipped with the TinyOS operating system. It is
disseminated by the availability of its code arsdniature

as free software. TOSSIM can run on Linux or Window
Its great advantage over many other sensor networks
simulators is that it supports different types ofles in
WSN. Indeed, TOSSIM can simulate the operation of
mica, imote, MICA2, MICA2-dot, micaz, telos telos-
HCO08, telosa, telosb and tmote. In addition, it can
simulate a very large number of nodes in a single
simulation. Simulations with TOSSIM give us an idea
about the functioning of the network, the transioisd
reception, the radio links between nodes, errorsagss,
etc.

Table 2 summarizes the comparable characterisfieach
simulators mentioned above. This table is basedgeseral
criteria for comparison. We based on these critigriget an
idea about these simulators and their operationw&aan

« DestP: Cartesian coordinates of the point towardshoose the one that meets our needs ie. an enrurtimat

which the mobile p.
* Vp : speed mobile p defined on the interval [Vmin
Vmax].

[Pmin, Pmax].

supports an extended WSN, which can give us an daea
ponsumption and with architecture that consumes the
minimum of energy.

PauseP: mobile p pause time defined on the interval
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Table 2: Overview of simulators characteristics dedicated t Thereafter, we continue our work with a 2D plare, third

WSNs
Architecture Standard Extension for
Consumption
Ns-2 Oriented Object 802.11, No
Bluetooth...
OPNET Oriented Object 802.11, No
802.16,
mobile IP
OMNEeT | oriented component  802.11 No
TOSSIM | oriented component  802.15.4 Power TOSSIM

2.5. Implementation of mobility within RWP model
into TOSSIM

In this section, we will detail the main stepsrgplement the
RWP mobility model
programming languages Java and Python,
thereafter be made with the Tossim simulator.

In TOSSIM simulator, each node is represented ly th
the

MOTE.java class, which is extension of
SimObiject.java class.

To provide mobility to the nodes, we have to addeav
function (calledmobilitymodel(X,Y,Z,S) ) in the main class
SimObject.Java.

This function moves a given node from a position YX 2)
to the destination (X ', Y', Z "), this movementlvie based
on a predetermined speed S as shown below.

However, in order to reach the destination (x,',zy"), the
node has to travel a distance (As showhiiror! Reference

source not found)

an

(x'y"z’)

Figure 2: Representation of a node displacement from a
position (X, y, z) to a destination (X', y', )

de= (' =)+ (' -9+ (-2 @
This distance is represented by a set of steps;atdinal of
this set (Nsteps) is calculated by the functiorc&teps(de)
according to the distandaie.
Each step must be performed in a dt time, such as:
d
sNstaps

)

E =

in Tossim and this using two
simulatic

axis Z will be practically the same results as ¢hoEX and Y
(As shown inError! Reference source not found).

Y A

(<.y")

dy{

|

o

(%) / &
! |

|

Figure 3: Representation of a node displacement from a
position (X, y) to a destination (x', y') withangle.

—X

In order that the node reaches the destinatiomdide jumps
step by step. To jump one step, the node will wpdest
current coordinates (Xt, Yt), this update is thpresentation
of a projection of a step by the axes x, y as fuithg:

Xt =Xt + cos(w)Sdt (3)

¥t =¥t + sin(a)Sdt (4)
At the first, Xt, Yt have initially the position XY
respectively.

When the node arrives at its destination, we carclode
that he had traveled (along each axis) as follows:

X'—X = Ycos(a)Sdt = X' = X + ¥, cos(a)Sdt
()
Y'—Y = Ysinla)Sdt =Y =¥ + ¥ sin(a)sdt (6)
Since the travel time by one step (dt) is reallgtrieted

(become zero), the equations mentioned above be@ame
follows:

X=X+ _f:”cns(a}sm )
V' =Y+ [ sin(a)Sdt ®)

Such astsis the time simulation at the current position.

Now, to better optimize our functions, we need &icalate

the cofa) and siric)

(x'-x)
de

¥)

cos(a) =

©)

o (10)

sin(a) =

e
As conclusion, we proceeded to programming a foncto
include all these equations, and to ensure the lityobf a
node, we must make a simple call to this functiamed
mobilitymodel (X, Y, S) with parameters: Coordinates to the
new position and Speed.
Hereinafter, the source
mobilitymodel(X,Y,S).
This function represented iBrror! Reference source not
found. is able to be used to set any mobility model to
simulate the movement of nodes in a network.
However, to ensure mobility based on RWP modeluaed
a new method (named RWP()) in SimObject.java class.

code of the function
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public void mobilitymodel (double x, double v, double s){
double De = getDistance(x, y);
double NSteps = (CalcN3teps(De));
double moteX = coord.getX();
double moteY = coord.get¥();
double Dt = De /(s* NSteps);

double CosAlpha = (x-moteX)/De;
double Sinklpha = (y-moteY) /De;

while (!|Arrived()){
moteX = CosZAlpha¥*s*Dt;
moteY = SinAlpha*s*Dt;
moveSimObjectTo (moteX, moteY) ;
try { Thread.slssp((long)Dt);

}catch (InterruptedException ex)
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Figure 4: Source Code of the function mobilitymodel ()

public wvoid rwp(){

while (!Stop()) {
double x = Math.random()*getWitdh ();
double y = Math.random() *getLength();

double Speed = (double) (Math.random()* (getSpeedMax () -getSpeedMin() ) +getSpeedMin());

double PauseTime = (double) (getPauseTimeMin()+Math.random()* (getPauseTimeMax () —getPauseTimeMin()));

mobilitymodel (x, vy, Speed) ;

try {
Thread.sleep( (long) PauseTime) ;
}

catch (InterruptedException ex)

Figure 5: Source Code of the method rwp ()

This method determines for each node N (were slecta .

random manner):

* its new position (X', Y") included in the simulatiarea,

» its speed ‘S’ in the interval [SpeedLow - SpeedH8ig

* its pause time ‘Time’ in the interval [PauseTimeMin
PauseTimeMax].

Obviously, this method will call the function ¢

mobilitymodel(X,Y,S) as with parameters the firswot

defined above (i.e. position (X', Y) and S). Oreethe

desired position, node N will mark a pause timeri@i.

With Python: In this type of execution, we will not
see any visual representation of nodes in the
network. We created a scriptobility.py where we
called the methodRWP() for each node with class
mote. We created this method in the package
sim.script.reflect.*.

With TyniViz: A plugin must be a subclass of
net.tinyos.sim.Plugin. As a first step, we added a
subclasdMobilityPlugin.java

This subclass displays an interface allowing ther u®

The process will be repeated for each cycle uhélénd of choose the mobility model among many, then to etiter

the simulation.

settings for the selected model (in our study, vezenonly

The source code of the method rwp() is represeined interested by the RWP model):

Error! Reference source not found.

To view the movement of the nodes constitutingrtbvork
in the simulation area, and to determine the apyatp
parameters and to choose the appropriate mobibiget we
implement in TinyViz a new interface (new plugiralled
'Mobility".

04 TextField as

0 2 Buttons:

respectively:  SpeedLow,
SpeedHeight, PauseTimeMin, PauseTimeMax.

Start, which allows to start the
simulation, and the stop button that stops the
simulation.

However to execute the simulation. we had to caood © Start the simulation by the Start button, we lgilinch the

between a silent execution with a simple pythoripscor
using the plugin 'Mobility' in TinyViz.

RWP model for each node in the simulation area.
The produced interface is represente8igure 6.
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Figure 6: The mobility plugin subclass interface.

2.6. Simulation results

There are mobility metrics which can be used tceoles the
mobility policies. Relative velocity, maximum velbg
acceleration, pause time are some examples. Thetgcsn
can be observed for different mobility models arah c
conclude some facts regarding the mobility charéstie of
those models. Varying those characteristics, we daaw

6
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maintains the same distribution in the deploymeatahan
that present in the case where the network iscstdthus, all
the methods described above for static networks lman
adapted to the context of mobility. The major disadage
of these routing techniques is that the sensord alusys
ask the positions of their neighbors to one or twps to
send a message. Specifically, when a sensor neesntl a
message to a destination, it sends a first medsageEquest
the positions of its neighbors (the operation isested by
each of the neighbors, when knowledge of the mostiof
two-hop neighbors is required). After the resporafe
neighbors, the sensor selects the next relay noderekes
him follow the message. It is preferable, consitgmnobile
sensors to avoid such message exchanges.

However, for the Region-based routing category,stesors
need to know just their own position and the positdf the
destination. When a source wants to send a medsage
destination, it defines a geographic region coinginits
position and that of the destination and he seiglmbssage

how much those metrics are important for a protocQhrough this region to reach the destination. Thethads

operation. For our study, we use the following mstras
evaluation metric to test the performance of ouwppsed
mobility model (R-RWP proposed in the next partinpared
to the mobility model (RWP).

[20,21,22,23] are examples of this. The geograhEas
may take different forms: for example, in [21] thegion
used is a rectangle, whereas in [23] is the casndllipse.
Once the region is defined, the source sends issage and

. Packet delivery ratio : Packet delivery ratio counts when a sensor receives it, it tests dependingsopasition if

the number of packets originated by the source amdbelongs to the region and, if appropriate, foutathe
number of packets received by the receiver. Duringessage. In order to consume as little energy ssilgle, it is
communication, nodes move from its positiorfor these methods to define the smallest possibda @r
continuously with different velocity. We can comear select a subset of relay nodes within the regidns Ts the

the ratio of packets send by sender and received
receiver to evaluate the effect of our changesmerar
of mobility over the performance of network.

. Average end to end delay Packet delay is time
that packet takes from source node to destination.

gythor’s work, for example, in [22,23].

It'should be noted again that all of these mettazdsime that
the sensors know their positions and, if necesstmgir
neighbors with accuracy.

The technique of routing in mobile sensor netwavksch is
proposed in the following of this paper will essally make

MANET, packet relays from several intermediatgyossible to lighten the operation of routing in thetwork

nodes. So, delay of a path is summation of alllities
along that path. Link fluctuates during the motilitf

regardless of the positions of nodes. Indeed, & solution
based on a mobility model, the mobility of sensodes is a

nodes. Some links along path may have high delagry influential factor in this type of networks. entry

comparing to others. Average value gives the vilaé

through this work to exploit the benefits of thislbility.

can be compared with other results. Average packBt the following sections, we give a brief desdopt of

delay increases with mobility in MANET.

The simulation results will be presented and disedsn the
second part to make the necessary comparisons.

3. R-RWP - A variant of RWP to improve
routing in WSNs

3.1. Related works

In the literature, there are two categories ambegnethods
for routing in mobile networks. The first concertise

methods where sensors based their arguments on
positions of their one or two hops neighbors. Téeosd is
composed of methods which define a geographic negral

disseminate to the interior of this region a messtagreach
the destination. These two categories will focispeetively

mobility models, we expose the RWP model and expose
algorithm of the proposed approach, and we end itp w
simulation results.

3.2. Performance of the Routing Protocols with the
Mobility Models

In [24] the authors presents an accurate evaluaifothe
impact of the mobility models on the performanceafting
protocols, this evaluation requires testing mugtiphobility
patterns and different routing protocols. Otherwiske

observations made and the conclusions drawn froen th

gh@ulation studies may be misleading.

For that reason, the authors are considering filgindt
random entity mobility models: the random wayp¢R¥VP),
the random direction (RD), the smooth-turn (STg Gauss—
Markov (GM) and the enhanced Gauss—Markov (EGM)

the names neighborhood-based routing and regioedbagnodels. RWP is widely used for simulations of MANHTie

routing.
For Neighborhood-based routing, methods in thiggaty

to its simplicity and its availability in almostl gimulators.
In this paper [24], the authors present Table 3rsarizing

are mostly adaptations of routing methods for statthe PDR of the protocols over different mobility deds.

networks.

They assume that the displacement sensor
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Table 3: Ranking of routing protocols PDR (%) over differemobility models [24].

Model RWP EGM ST GM RD
Protocol
Flooding 99.2 98.2 96.8 98.2 96
RGP 92 90 88 86 83
AODV 78 74 72 75 73
OLSR 76 69 65 68 61

In our study, we will consider these results to theice of 3.4. Simulation and results

routing protocol used in our approach. We can dediat in We use TOSSIM [25,26] for simulating our approach.
the case of a mobile environment, flooding prestémamost TOSSIM is a discrete event simulator for TinyOS ssen
interesting routing protocol in such cases. Alsm inetworks.
conjunction with the flooding, the mobility modélat seems TinyOS [26] is a system developed and supportechaoily
interesting is the RWP, hence our choice for sustodel. by the American University of Berkeley, which offethe
3.3. Algorithm of the proposed R-RWP model download under the BSD license. Thus, all sources a
available for numerous hardware targets.
We propose in this work a new way to route thermfation TinyOS is an open-source operating system desidoed
collected from mobile sensors nodes, without newédgs Wireless Sensor Networks. It respects an architedbased
having to use or modify a robust routing protoasl$uch an on a combination of components, reducing codersigaired
operation. The principle of our method is basedomobility for its implementation. This is in compliance withe
model. constraints observed by sensor networks memories.
Indeed, the mobile sensor nodes must follow a ritgbil TOSSIM’'s primary goal is to provide a high fidelity
model to move in the environment. Our method is asimulation of TinyOS applications. For this reasibfipocuses
optimization of the RWP model to generate a newehdd- on simulating TinyOS and its execution, rather than
RWP (Routing - Random WayPoint) able to routesimulating the real world. While TOSSIM can be uged

information in a mobile environment. understand the causes of behavior observed irediewvorld,

The algorithm of our R-RWP model is as follows: it does not capture all of them, and should noubed for
The nodes move freely in the environment (depending absolute evaluations.

model RWP). We compared the performance of our approach (R-RWP)

During his pause time, each node Y which has inftion  with the one based on RWP in its basic version.

for BS (high % of information in the memory of thede), About metrics for routing, we based our simulati@mstwo
updates its one hop neighbor table (Vy) and verify: scenarios: The first scenario will be used to mesaghe

If BSe Vy performance of our proposal in terms of transmitted
messages and a second one will measure the lafentye

TPy = o (The node Y is stabilized to eNsurey ered data.

communication with the BS) Also, for the metrics concerning mobility, two saeins will
If Memroy of Y is not empty be discussed, one that calculates the number of
DAT Ay

v ¥ SB (Y sending data to the BS and frees itgeighborhood, in an amount of time, for a statioat thas a
direct link with the BS. For the second scenarie, twy to

memory) find out the number of active links between the &l its
For eﬁlc_hﬂ)s(i (X# BS & TPXi# «) direct neighbor of Y: neighbors.
T4 LLOY . . . . .
¥ X1 (Y informs its neighbors that it has a directy 4 1 parameters used in the simulation scenarios
link with BS)

o o First of all, we assume that the environment ihauit any
If the Xi is interested by the BS (Memory ofiXinot ,psiacies during the entire duration of simulation.

emg_tg): All simulations were carried out with the TOSSIMnsilator.
Xi— ¥ JTPXi = At the beginning of each simulation; the simulat@sN
FFE‘;X* consists of 100 nodes (as shown in Figure 7) umifpr
Tt e deployed in an observation area of 100x100 squaters
Xi—— ¥ ——BS5 and each node’s communication range is 16 metesdes
TPXi=0 are all equipped with sensors to periodically measu
TPy =0 temperature (i.e., at each duty cycle) and with hg@s of

memory space. The size of each temperature databgtes.
A base station is deployed at the middle of thisepbation
area (to guarantee a maximum vision of BS in this
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environment), and will be disabled during the sarphase
(the first Fifteen minutes) to allow time for thensors to
capture data. Network’s links packet loss rate philily is
5%, the duty cycle of each node is fixed at fivenmées and
the sleep period for each node is zero minute.niaiility
pattern, each node moves according to the randoypoirat

Duty cycle 5 mir

Simulation tim« 1 hou

3.4.2Simulation results

mobility model (RWP) such as the minimum and maximu Figure 8 represents the sum of one and two hogsbeis of
speeds are 0,05m/s and 0.3m/s, respectively. Thd38. These results are grouped to better performehessary

simulations were run during one hour. It shoulchbeed that
the pause time used in our various scenarios &dfior a

comparisons.
It appears that based on the metric relating tontimber of

period of five seconds. To optimize the energy bé t nodes in the BS Neighborhood, we find, generally, a
network, each mobile sensor node will have its aadisignificant number of nodes which is the effect using

switched on during each pause marked by this sensor

L 2 3 4 5 13 2 B 3 i
& e & & & & & & ¢
it 12 13 14 15 1E 17 8 18 an
e € & & & & & & & &
2t 22 23 2d 25 ZE 2 28 Fo] 30
e € & & &€ & & & & =g
¥ ] ) 14 a3 3B i 1]
¢ e & € & & & & =¥
4 &2 4 a4 45 46 “r 0 a S0
e & & € € € €
Dc Hank
3 =] 5 ) 55 ] W 58 35 (1]
€ € € € € € € & € €
&l 62 E3 B4 (3} B E8 £S 70
é € € € € € €
¢ &€ € & € é &€ & & ¢&
&L a2 B3 EL] a5 EBE ar Ba &9 a0
& € g g & g & &
i 92 83 LS 45 5B a7 EL] 25 100
2 g

Figure 7: Initial dispersion of nodes in the environment
Each scenario has been played 100 times takingatgount
the period of heating and cooling of the networke t
collection of results only starts after 900s of @mtion (time

RWP.
M Active one hop neighbors of the BS
One hop neighbors of the BS
820 +
- [ |
g 15 -
S -
g
210 A
g | —
Zz 351
r
< 0

15-20
20-25
25-30
30-35
35-40
40-45
45-50
50-55

Simulation time interval

Figure 8: Number of neighbors with BS (one hop)

We can notice that the number of active nodes risost
identical to the number of one hop neighbors, dafigdn

the beginning of the simulation. This happens bseavery
node has to transmit a datum to the BS during Zifipe
cycle and can be noticed at the beginning of thaulsition
where a time startup of 15 minutes is leaved before
transmitting captured data to the BS. This perididwes

required to begin capturing information from thecollecting an important amount of data in sensodeso
environment) and stops 300s before the end of thgches (3 messages in every node’s cache).

simulation.
Table 4 summarizes the parameters used.

Table 4: Parameter values used in simulations

Parameters Values

Observation are 100 m x 100 r

Nodes numbs 10C

Base station positic (50,50

Communication rang 16

Packet data max si 10 byte:

Memory space si. 100 byte

Packet loss ra on each lin 5%

Min spee! 0.05 m/:

Max spee 0.3 m/:

Sleep perio 0 mir

The simply difference that we can notice between tthio
histograms is due to the packet loss rate (thegtitty that
a node can lose packets) that we specified in ithalation
parameters. The end of the simulation shows theretis a
little increase in the histograms difference whigla logical
result because the network becomes gradually lighterms
of sensor nodes caches memories.

Now back to reveal the results obtained for the-thops
neighbors. Theerror! Reference source not found.shows
the results.

B Active two hops neighbors of the BS
Two hops neighbors of the BS

i

o o%@%
) 5 ¥
»"f&i’ IR\ NI

Avg Number of nodes

Simulation time interval

Figure 9: Number of neighbors with BS (two-hops)
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The two hops neighborhood seems to be more importaith RWP model, the delivery rate is less significghan
compared to the one hop one. This can be expldigettie with R-RWP for the simple reason that with the R-RVthe
fact that a two hops neighbor node can be himse#fighbor BS communicates with one and two hops neighborswih

to multiple one hop nodes during the whole periddao RWP, the BS communicates only with one hop neighbor
determined cycle (fixed to 5 minutes in our simiolas). Thus, with R-RWP the number of messages receivethdy
About the difference between active neighbors aond-n BS will increase rapidly, which will certainly infence on
active ones, the interpretation is the same ashirearlier the buffers occupancy rate of the mobile sensoesod

figure concerning the one hop neighborhood. Now, we'll look at the end-to-end delay that witivie to wait
Indeed, the number of two-hops neighborhood seeraspacket to reach the BS.

important, hence the necessity to exploit the Stnato Error! Reference source not found.shows the simulation
transit as soon as the data captured by the msdyisors. results.

After all these results, we can deduce an intergdirge
number of two hops neighborhood of BS, it will exipiit to
ensure optimal routing in delays mainly realistic.
Thereafter, we are studying the routing-relatedriceto test

= R-RWP Latency Average (Sec) =—RWP Latency Average (Sec)

the reliability of the routing side in our approach 5
Formally, we are interested in finding the probi&pithat a o
mobile sensor node_ will b_e ne_ighbor (direct or Pgjowith % 3’2 —
the base station during a time interval. -
5 2,5
B Active two hops neighbors of the BS g 2
M Active one hop neighbors of the BS L 1’i
y 0,5
(%] 50 7 0
% i 20 25 30 35 a0 45 50 55 60
g 40 Time (Min)
g 30 7 Figure 12: Latency average with RWP & R-RWP
'E 20 As we can see, the packets in RWP take a long tome
2 10 communicate with BS. Indeed, this is the consequi¢imat to
:’: begin the exchanging with the BS, a mobile nodesduoat
0 » /"W, transmit its data to any other node, and keepadta dntil it
D o D H O P P detects the.BS ir_1 its coverage area, from whicle time
N AT A Y S S 0 P exchange will begin.

However, with R-RWP the discovery of the BS willcac at

the coverage area of the node of in question, &swa the
Figure 10: Neighborhood of the BS with R-RWP coverage area of the neighboring nodes of the riade

However, as it appears ifigure 10, we can deduce that the duUestion. This strategy provide us a considerabie g the

probability that a node will be able to be in cattaith the BS €nd to end delay, this is a result of collaborabetween the

increases with our R-RWP solution, since our sotutiatends the mobile nodes.

BS coverage area by exploiting the two-hop neighbors

Now, as the essential aim of any routing process deliver

the data, and referred to simulation results weiiobt, we Regarding energy consumption, it is certainly clélaat

made extraction results related to the number ofsages there's a proportional relationship between thdoitgpion of

Simulation time interval

3.5. Discussion

received by the BS. intermediate nodes (for routing information) andergy

Figure 11 is a presentation of the results obtained after ttconsumption.

simulation time. The more the number of intermediate nodes in thear& is
—— Average number of messages received by the BS with RWP important, the more the dissipation of energy wik
—— Average number of messages received by the BS with R-RWP significant. In our approach we have exploited mtran

10% of nodes with the model RWP.
However, we have filled this degradation by a stgtof

& oo activation of radio antennas. However, in case obility,
g 00 and to avoid interrupting communications, we hawvesen to
5 0 —] turn off the radio of wireless sensor nodes uthtdyt reach
§ 200 — their pause time. During this pause time the mobéasor
= — looks for the BS to forward the concerned data.

100 = — | In terms of security, we can say that our apprqaelsents a

o security level at least interesting compared tceotiouting

0 25 30 3 40 45 50 55 60 mechanisms. Indeed, the message will pass by amaxiof

Time (min)

2 hops to reach the BS, this number of hops is goras
Figure 11: Number of messages received by the BS with exaggerated in other routing protocols with thek risf

RWP & R-RWP breaking confidentiality and forming a serious \arbility
for other security elements.
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4. Conclusion and Future Work

In this work we proposed First of all an implemeiota of

the RWP mobility model under TOSSIM simulator, henc

the use of such model under this type of simulaitibe just
a manipulation case under TOSSIM interface.

After that, we designed a new routing method wiécaware
of mobility, and then we carried out a study thatsato test

10]

the performance of our approach in a mobile sensor

environment. It should be remembered that our dibds

to exploit the mobility of nodes to alleviate raogiin such
networks, especially because of large issues that lze
raised during designing suitable routing protoduls such

environment.

Thereafter, and as perspectives for this work, laa fo first

compare the results with those performed on thes bafs
routing protocol dedicated for mobile sensor neksoilhen
we propose to study the behavior of our approactann
environment with obstacles. The study is in procets
principal is to find the ideal position for the BS.
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