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Abstract

In the simulation of mobile ad-hoc networks (MANETS), the probability distribution
governing the movement of nodes typically varies over time and converges to a steady
state distribution, known as the stationary distribution. This paper presents and
evaluates the stationary distribution for location, speed and pause time of a random
waypoint mobility case. We show how to implement the random waypoint mobility model
for ad-hoc networks without pausing, through a more efficient and reliable computer
simulation, using MATrix LABoratory 7.5.0 (R2007b). Simulation results obtained
verify the correctness of the model.
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1. Introduction:

The nature of mobile ad-hoc networks makes modelimd) simulation an invaluable tool for understagdime behaviour of
these networks. Wireless channels experience higtahility in quality due to a variety of phenomensuch as multi-path
propagation, fading, atmospheric effects and olketa[d]. The advantages of simulating ad-hoc néte/@s opposed to real
world scenarios include repeated events, paramisigegion and matrices exploration. Repeated avenable the development
and refinement of network protocols by allowing toaml developers to test different protocols witkame scenario. This gives
the developer an in-depth understanding of howetlidsinges impact on the overall performance obyiséem. Isolation of the
parameters permits a detail study of a single paramsuch as mobility, data-traffic or transmiesiange. This is made possible
by keeping all other performance parameters (megficonstant.

An important component of network simulation is thebility model. Once nodes are initially placelde tmobility model
dictates the movement of the nodes within the nekwh variety of models have been proposed for ad-tetworks mobility [2,
3, 4, 5, 6] and a survey of many available in [[/,These models widely vary in their movement chteeastics. For instance, in
the random walk mobility model used in [9], nodetest a direction to move (between 0 army @ith a speed from a given
distribution and travel in the speed direction dospecified number of steps or time period. Atehd of the period, the nodes
repeat the process. Another mobility model is #wedom direction model [6] which operation is simita the random walk,
except that the nodes continue movement until teagh some locatioa in the simulation boundary. Once in this areaythe
select a new direction to walk.

Mobility significantly affects the performance of ANET protocols. It also affects connectivity andnsequently the
performance of its mechanisms. This effect is fitlated in Figure 1:

/ Protocol Mechanisms /\

Mobility — Connectivity Performance
(Throughout, overhead)

Figure 1. Diagrammatic illustration of mobility effect
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Variety of environments exists where the deploynwdratd-hoc networks is expected. Examples of tivedade cities, highways,
conference venues, campuses and battle fieldseTémgaronments have in common the presence of abstéhat obstruct the
movement of nodes and hinder the propagation afl@ss signals. Obstacles may be buildings, vehipksple, mountains, hills,
etc. The problem for this paper is on how to immeimscenarios that include the presence of buitdifgr instance, in real
scenarios, the transmission quality through a imglés affected by the composition of the buildiag,well as walls thickness.
Real world environment models have been proposdd]imith empirical results for the evaluation obhile networks. Here,
they create a fully developed real-world model lwgraenting their previous work in [10] but considemistributions with
pauses. Our paper improves on [1] by simulatingniodility model using a more robust language fahtécal computing and
consider distributions without pausing with altdiwa motion heuristics that improves the speed obite nodes.

2. THEORETICAL FRAMEWORK

Mobility models are designed to describe the movdrpattern of mobile users and how their locatigipcity and acceleration
change over time. Mobility models has importanerw play in the determination of protocol perfonoa. The model emulates
the movement patterns of real life applications ireasonable way. Two types of mobility modelswaed in simulations of ad-
hoc networks: traces and synthetic models [11]. ilglpatterns observed in real life systems afenred to as traces. Traces
provide exact information about mobility when agamumber of nodes are observed for a long peffitidhe. Synthetic models
attempt to represent realistically, the behaviotimmbile nodes (MNs) without using traces and othessibly unknown
statistics. These models are extensively deah wit[3, 5, 12, 13, 14, 15, 16, 17] and allows fbe representation of the
positions of individual mobile nodes.

Simulation of the random waypoint is not triviatask. They pose numerous challenges such as speag, dhange in location
distribution and the simulation progression speiéd] L9, 20, 21]. The observation of these paraméserelated to the existence
of a stationary regime.

3. THE SYSTEM MODEL
The random waypoint model can formally be defingé &tochastic process

{D,.7,; Vition ={(D.1,,V).(D,7,V,)..} (1)

where
D, is the point of destination in its-dimensional coordinates
Tpi denotes the pause timeDn
V; is the velocity of the node durindime period
The movement vector frord.; to d; is denoted as a trajectory Therefore, the complete movement trace of a raadebe
described as
{r.1,..1,..}={d, -d,.d, —d,..d.d_...} @)

The resulting node distribution functidg(x) is composed of three distinct components namedy stiatic (s), pause (p) and
mobility (m) components and is represented as:

f,(x) = £, + £,(3) + £,(%) 3)
These components can be described as probabiltyikdition functions ({dfs). Put differently, they represent likelihood
functions.

3.1 Stationary Distributions without Pausing

To derive the stationary distributions for both epp@nd location without pausing, we consider thaddmn where all nodes are

mobile and set the pause time to zero. A node mageording to the random waypoint model in the 8agment [Oy]. Now let

x denote a node’s location and S and D denote #mirgt and destination points of a randomly chossmvement period

respectively. Then
1
— forO<sd=<a

fo(9=fo(d)={a “)
0 otherwise

Now, without loss of generalization, we could alseat speed and location as independent entitiessi@ering speed, if a node

is travelling at a speeg] the time spent on a path of length 11/s Thereforef(s) is proportional tdl/s. Sincej\‘lll f(s)ds=1 [22],
0

then
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; V0<S<V1
f(s) =1 slog(v;, /v,) (5)

0 otherwise

Notice that equation (5) only holds when the mimmspeedy, is greater than 0. To obtain the pdf for locatiae, observe that
at any timet, the node travels on a straight line path betveenpoints. Since the speed is constant along dlie phe position of
the node is uniformly chosen from among the padmtshe pathx, y1), and &, y,). Conditional on the endpoints of this path, the
probability density of the-coordinate of the node’s location is

X
g(xx, %) = 1% =x|
0 othewise

X <X<X,

(6)

3.2. Alternative Distributions for Speed

If speeds are chosen from a uniform distributiothvai low minimum speed, then, at any given timkrge proportion of nodes
will start slowing down in movement. From [22] wbserve that if the speed is chosen uniformly @A1( 20), with zero pause
time, it is trivial to compute from the stationaftgnsity in equation (5) that on the average, hathe nodes will be moving at
speeds less than 0.45, and 25% of the nodes witidvéng at speeds less than 0.07. This can creag¢aidy stable backbone that
can make network performance seem unrealisticalbdgFor this reason, [22] suggest that it may ésrdble to choose node
speeds in a way that avoids having large numbestoof moving nodes, hence, resulting in a netwoitk fewer slow-moving
nodes. An easy solution to this problem is to iaseethe minimum speed. A method for choosing sp&eds any desired
stationary distribution as presented in [22, 23]veh that since a node travelling at spsegpends timé/son a path of length 1,
any stationary density can be achieved througtparoariate choice gi(s). For instance, if

2s
p(s) =——— for v, <s<y,
Vi —V, @)
then, the stationary density (or speed) will befarmh on {, V1), sincep(s)/s is constant. To select uniformly distributed speeds
on (vo, V1) throughout the simulation, the initial speed shooé selected from a uniform distribution og, {,): the stationary
distribution. All subsequent speeds should be tmdefrom the density in equation (7). It is pernfilsto setvy = 0, so that
arbitrarily slow speeds can be attained.

3.3. Model Implementation

We implement the system model using MATLAB. MATLAB a language for technical computing. It has aewidnge of
sophisticated solutions for simulations of thisunatand is most flexible to use. The simulatioagobam was run under ideal
conditions with empirical data that depicts realldettings and results were obtained. Thesetsears represented graphically
and discussed in the following section.

4, DISCUSSION OF SIMULATION RESULTS

Figure 2 shows a plot of cumulative distributiomdtion and the speed of node distribution on theriml [0.1, 5]. We
observe in this figure that the trend of averagdahspeed decays exponentially over time. This shivat once a mobile node
chooses a far away destination with a slow speadkeés a long period for the node to reach itginkson. During this period,
the mobile node moves slowly.

Figure 3 shows the random time series distributbmode speed for two different node movements nea-life setting
within the simulation domain. We observe here thatspeed distribution of the mobile nodes fluauaithout pausing (with a
zero pause time). The graph also confirms thattleage nodal speed keeps decreasing over timep&ong the two random
plots, we observe that though one of the plotseimses at a slow but steady rate, both plots shocengistency in movements,
which is expected of two independent nodes, pugsuiitommon goals.

In Figures 4 and 5, the mobile nodes were ideyichstributed without pausing on the x-coordinatée observe from these
graphs that the proportion of time spent by a nodehe path of a given direction is proportionaltite path length of the
direction. In Figure 5, we discover that both ramdodependent nodes do not on the average exceezlithulative distribution
function, g(x).
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Figures 6 and 7 show a modified version of the rhaded in Figures 2 and 3 (i.e. equation (7)). Ham choose a desired

random distribution of mobile nodes travelling aeeds and spend timé on a path. It follows that if speeds are chosen
S

according to a probability densify(s), the stationarity will be proportional to(s)/s. We observe from the graphs that the

distribution of mobile nodes with respect to speegreferably stable over time. This confirms ttheg model is able to overcome

the non-uniform spatial distribution and densityypaint function.
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Figure 2. Graph of f(s) vs. speed (s) Figure 3. Graph of f(s) vs. speed (s), for random
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Figure 6. Graph of p(s) vs. speedl (s Figure 7. Graph of p(s) vs. speed (s), for random
independent nodes
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5. CONCLUSION

To thoroughly simulate a new protocol for an ad-hetwork, a mobility model that accurately représenovement pattern
of the mobile nodes in a given network is requirgd.this end, the random waypoint mobility modelsveamulated in order to
solve the problem of speed distribution of nodearoad-hoc network for a specified number of swpsnme period.

This paper has provided solution to the problensmded distribution of nodes through a real-worltuation, which
provides a means for evaluating mobile nodes (i@ networks) in terms of efficiency and robustebhe problems that
obstruct the movement of these nodes and hindepribgagation of wireless signals have been minichiwéh the help of the
proposed system model, to allow these mobile nodege freely without the use of a base station siftecture. Simulation
results show how the model parameters help in nikig obstacles in the wireless ad-hoc network.réfwee, in the nearest
future, MANETSs would be potentially useful in vau®applications such as mobile classrooms andidastdr relief operations.
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