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Abstract— Node isolation is one of the fundamental
metrics in the design consideration and evaluation of
wireless ad hoc network. This paper is aimed to
introduce a statistical framework for the computing
of the isolation probability of a randomly chosen
node in a wireless network. The statistical framework
is proposed in the context of lognormal shadowing on
Nakagami fading for multiple inputs multiple output
schemes. In this work, the focus is on path loss
component, network topology, node density and
performance of a node. The performance of
connectivity between nodes in a dense network are
analysed by deriving analytical models. Analysis of
experimental results indicate that they are useful in
estimating connectivity issues and implementing
more secure wireless ad hoc networks.

Keywords— Nakagami fading, Multiple Input
Multiple Output, lIsolated Node, Deterministic
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I.  INTRODUCTION
The network which doesn’t rely on preexisting
infrastructure is usually called as ad hoc network
[1], in which the individual nodes have got more
responsibility. This area is one of the highly
appreciated fields amongst researchers since last
few decades. Connectivity is one of the issues [25]
since few decades in such networks [7, 18-20].
Since all the nodes are free to move randomly in
any time, the issues of connectivity arise in an ad
hoc network. It is challenging to  establish a well-
connected network. It is slightly difficult, as there
are chances that a node may leave the network any
time [11]. The node hopping property (changing
topology with time) causes the problem in
establishing a connection between pair of nodes
resulting in node isolation. The definition of
probability of node isolation can be stated as the
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failure of a node to establish a connection with
other node in the network [10]. A node which is
isolated has a crucial part in the proper functioning
of the multihop network. Hence a theoretical
molding of node isolation will contribute in
encasing network connectivity features. The
randomness in radio communications is not
considered in a simplistic model of channel
propagation on which most of the literatures still
rely. Over the last few years the considerable
attention [24] was given to the aspects of the
connection issues and the area coverage in an ad-
hoc sensor networks of wireless type. To obtain a
well-connected network, the problems associated
with searching for the transmission range with a
necessary and sufficient scaling is discussed in [6].
Penrose has obtained similar results in a more
abstract network [7]. In [8], investigation was
carried out on scaling for the case of sparse
networks. The issues of achieving connectivity in a
network of mobile nodes were first addressed in
[9]. Bettstetter and Hartmann [10-11] are the first
to high light the impact of lognormal shadowing on
connectivity of ad-hoc networks. A numerical
method for the evaluation of the impact of
lognormal  shadowing was proposed  with
qualitative approach. A closed-form expression of
such cases was provided in [12]. Haennggi[15] has
studied Rayleigh fading impact on network
connectivity. These results can be viewed as
derived cases of the general case analyzed in [12]
for the first time. An ergodic sum rate of multiple-
input multiple-output (MIMO) Nakagami-m fading
channels with linear minimum mean square error
(MMSE) receivers is discussed in [21], [22] and
[23].
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From the literature it is clear that Statistical
Analysis of MIMO Scheme has not been explored
in the contest Nakagami Fading Channels. It is
analyzed on node isolation probability for
Deterministic channel, Rayleigh fading channel
and lognormal shadowing channel.

The subsequent part of the paper is organized as
follows. Section 2 deals with the preliminary
assumptions and the system model. A brief
analytical evaluation of frame reception rate
probability is discussed in Section 3. The
numerical and simulation results are described in
Section 4 and the same is concluded in Section 5.

Il.  SYSTEM MODEL

Let us consider a wireless ad hoc network, in
which the nodes are scattered according to
homogeneous  Poisson  distribution  with a
parameter A ranging from O to oc. Nodes are spread
randomly and uniformly over the entire network
and independent of each other for complete spatial
randomness. Here A is rate of a Poisson random
process over a geographical space R2.

Let A be a subset of 2, and the network is said
to be well connected if there exists at least one
connecting path for every pair of node. In disjoint
areas, the number of nodes can be seen as
independent random variables. In A, the network
formed by the nodes is said to be linked if and only
if the path exists between each pair of nodes in A.
As in [8], the impact of interference from other
nodes is assumed as negligible.

LetP,be the probability of node isolation with
which a node is isolated in the network. The radio
link is assumed Boolean also known as a switched
link. With the fading of small scale and lognormal
shadowing let R is the random variable with
cumulative distribution function (CDF). Where R
is non-negative element and given E[R?] =
fow 2pdpF§ (p) where F§(p) complimentary
cumulative distribution function.

The probability of node isolation is given by [8,
14]

P, = e—)Ln:E[RZ] (1)

Lognormal Shadowing Model and Path-Loss

Model

Let P..be the fixed power level at which nodes
are assumed to transmit the power. Similarly, W be
the collective white noise power at the receiver.
When the average of path loss in lognormal
shadowing is described by Kp~* where p is the
separation between transmitter and receiver and a
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is path loss exponent and k is a constant with the
path loss model. The received signal to noise
power ratio for this channel model is given by
y(p) = (P L(p)/W)where I(p) is path loss with
reference  transmitter and  receiver.  The
communication range R can be calculated using
the amount of space between transmitter and
receiver for which the SNR fall below the
thresholdy. Where E[R?] and Fz(p) are given by
[13]:

Fa(p) = Ply(p) <wl = P[I(p) < 74| = 1 -

Jwy fiyr(a/p)da 2)
Pex

E[R*] = |72 pdp fw, fir(a/p)da 3)
Pex

Where fi(%) represent the PDF of lognormal

Shadowing under path loss and given by:
_llna—ln(Kp_a)2

fir(a/p) = e? ’ (4)

2moa

A. Lognormal Shadowing and Small Scale
Fading

Large-scale fading is one in which signal
attenuation due to signal propagation over large
distances and diffraction around large objects in
the propagation path. The result of small scale
fading considered, let y be the received
instantaneous SNR and y = [y], tis average. Given
that the transmitter-receiver separation is p and the
average SNR  y = (kP,p~ /W) , let
P.(y) isthe probability that the receiver
instantaneous SNR y with PDF f,.(x/y) is
greater than a threshold i, let P,(y) is given by:

Ps() = J, f, (x/y)dx (5)

Then the quantity E[R?] is computed as follows:
_(® KPyxp™®

EIR?) = [ 2p dpps [0 ®)

Consider lognormal shadowing superimposed with

small scale, Fr(p) and E[R?] are calculated as
follows:

Fr(p) =1— [ Ps(y) fiyr(a/p)da @)

EIR?] = " da [} 2 dp P [22] £/ (a/p)  (8)
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1V. NODE ISOLATION PROBABILITY FOR
NAKAGAMI FADING WITH LOGNORMAL
SHADOWING FOR MIMO SCHEME

The statistical analysis for isolation probability
of a node, under nakagami fading with lognormal
shadowing in relation with MIMO schemes are
derived in the following section.

V. NAKAGAMI FADING CHANNEL FOR MIMO

The probability density function of received
instantaneous SNR y under the Nakagami-m
fading for MIMO scheme is given by [17].

_ mNeNrm jNegNym—1 ( _)

KO = s e Y )

Where,

N; Is number of transmit antennas

N, Is number of receive antennas

y Is instantaneous SNR

y Is average SNR

The success probability P.(y) = Pr(y =)
computed as

mNtNrm yNtNT'm 1 _my)

Ps(}’) = fq.r ——e( B

I'(NeNym) yNeNrm

(10)

Let N, N,, = M after simplification P,(y) computed
asin

Ps(y)=e 7 (11)

E[R?] can be computed by substituting (11) in (6)
in absence of lognormal shadowing as in equation
below:

l

o _ mywp® (m;fg'/p“)
E[R?] =f0 2pdpe  KPux yMm-1 lt!x
(12)
ERZ — Mm 1(712;!}:;) 2 myw r 2 I
(R7] = 20 () (o) T G+ )]
(13)

Hence the probability of node isolation can be seen
as

P =
m l

el ) () ' (i B
(14)
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A. Nakagami Fading With Superimposed
Lognormal Shadowing For MIMO Schemes

If y isthe average SNR of received signal then
E[R?] can be determined by

(2) () e el

Combining equation (1) and (15) the node isolation
probability can be determined by:

E[R?] = (15)

Py
Mfr(éw

I

2

3 (2) (mlpW)_E 202

= — — a
Py N\ kP, ) €

=0

(16)

VI. Numerical And Simulation Results

This section details the numerical and
simulation results obtained using MATLAB tool.
The various parameters chosen are K = 10dB ,
P, = 1mW, ¢ = 1Watt and W = 0.01lmWatt .
The parameters like A,m,o and a as assumed
suitably. For simulation purpose the network size
is selected to be 100m x 100m. Based on Poisson
process the number of nodes are selected and are
placed over the simulation area with reference to
uniform distribution. Based on channel modeling
links are established. These nodes operate in
Nakagami fading event [22] with super imposed
lognormal shadowing. The simulation is carried
out for isolated node and repeated for many
topologies. An average 1000 runs are carried out to
determine node isolation probability.

Fig. 1 shows the variation of node isolation
probability PI vs. sigma for different value of
number of transmit antenna and receive antenna,
the result indicates that by increasing the number
of antennas the performance will increase or node
isolation probability will decrease.fig.2 plot node
isolation probability PI vs. node density for
different value of number of antennas for MIMO
scheme. From fig.1 and fig.2 we can conclude that
connectivity can improve by using MIMO scheme
or by considering higher value of node density and
sigma. Fig.3 plots node density vs. sigma for
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different value of PI, which shows that higher o
value of node density and sigma will improve the \
performance. Fig.4 shows impact of path loss ootf ]
exponent a on the isolation probability, keeping all
other parameters to be constant. For fixed value of
lognormal spread o, higher value of path loss
exponent always results in larger isolation
probability. Hence it could be concluded that large 0.004- \ ]
value of lognormal reduces the node isolation.
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Figure3. Node density A vs. sigma o
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VII. CONCLUSIONS

The connectivity between the nodes of a
wireless ad-hoc network is one of the important
parameter, which needs a lot of work to be carried
1 out from time. It is said to be there in a network
1 only when their deterministic distance is less than
. : - transmission radius. Several research work has

NODE DENSITY LAMEDA (md) been done so far considering various parameters of
Figure2. Node isolation probability P, vs. node medium as well as fading factor but there is a lack
density A of concentration towards border effect. The effect
which concerns about the nodes lying on the
boundary region of considerable area of a network
is called border effect. This paper analyses the
scenario of border effect with several medium
conditions. The analysis of node isolation
probability considering border effect is done in this
research work. As we increase the nodes count in
the wireless network, isolation probability of nodes
decreasing in the context of border effect, which is
opposite scenario to ideal case result. The
mathematical analysis provides good
understanding of node isolation with border effect.
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