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Abstract— With the growing importance of wireless 
ad-hoc networks (particularly, in applications such as 
wireless local area networks, and ad-hoc sensor 
networks), it is important to develop an 
understanding of the isolated node in ad-hoc network 
with border effect. However it is a challenging task 
owing to the fact that such analysis must take into 
account the interactions between wireless physical 
layer, radio propagation and multiple accesses. 
Connectivity is one of the important features of 
wireless sensor network. The nodes are said to be 
connected in a network if their deterministic distance 
is less than transmission radius. In this paper, major 
issues in the probability analysis of isolated node in 
wireless ad-hoc sensor networks with border effect 
are presented. Additionally, the associated topics like 
fading and capacity scaling in different channels are 
surveyed. The results are obtained using MATLAB 
communication tool for different values of node 
density, number of nodes for different channels and 
comparison of these channels are discussed. 
  
Keywords— Ad-Hoc network, Frame Reception 
Rate, Deterministic channel, Rayleigh fading, 
lognormal shadowing. 

I.  INTRODUCTION 
One of the research fields which have gained 

more attention by the scientific community in the 
last few years is that of self-organizing large-scale 
wireless networks, generally referred to as 
multihop, ad-hoc or packet radio networks. 
Slightly aside, a growing interest is deferred to 
wireless sensor networks [1], which, while 
presenting peculiar features, possess at the same 
time many of the characteristics of ad-hoc 

networks. More concerning issue for such 
networks, is that of limiting achievable 
performance, in terms of capacity, connectivity, 
delay and coverage [2-4]. Most of the literatures 
still rely on a simplistic model of channel 
propagation, where the randomness inherently 
present in radio communications is not considered. 
Connectivity and coverage in wireless ad-hoc 
sensor networks have received considerable 
attention over the last few years. The problem of 
finding a necessary and sufficient scaling for the 
transmission range to obtain a fully connected 
network (in the limiting dense regime) was studied 
in [6]. Similar results were obtained independently 
by Penrose in a more abstract framework [7]. 
Scalings for the case of sparse networks were 
investigated in [8]. The connectivity achievable in 
the presence of nodes mobility was first addressed 
in [9]. The impact of lognormal shadowing on 
connectivity of ad-hoc networks was first 
addressed by Bettstetter and Hartmann [10-11] 
(which extends a previous conference work). In 
particular, they proposed a numerical method for 
evaluating the impact of lognormal shadowing 
with qualitative. In [12] we provided a closed-form 
expression for such case. The impact of Rayleigh 
fading on network connectivity was studied by 
Haennggi in [15]. All these results can be seen as 
particular cases of the general case first analyzed in 
[12]. 

From the literature it is clear that analysis of 
node isolation probability has not been explored in 
the contest of border effect. In this paper influence 
of border effect is analyzed on node isolation 
probability for Deterministic channel, Rayleigh 
fading channel and lognormal shadowing channel.  
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The remainder of the paper is organized as 
follows. In Section 2, the preliminary assumptions 
and model are provided. Analytical evaluation of 
frame reception rate probability is presented in 
Section 3. Section 4 describes the numerical and 
simulation results followed by conclusions in 
Section 5. 

II.  SYSTEM MODEL 
Consider a wireless multi hop network where 

the nodes are randomly distributed according to a 
homogeneous Poisson point process with λ    
representing the expected number of nodes per unit 
square (0<λ<∞). Let λ be a two dimensional 
stationary Poisson point process over ℜ2. The 
points of the process represent the location of the 
nodes. Given a finite subset A∈ℜ2 of size ߭(ܣ), 
the number of nodes in A denoted by Ν(ܣ) is a 
Poisson random variable with intensity (ܣ)߭ߣ. The 
numbers of nodes in disjoint areas are independent 
random variables. The network formed by the 
nodes in A is said to be connected if and only if 
there is a path between each pair of nodes in A.  
 
The deterministic channel for minimum node 
degree given by, 
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Where Ao is expected area given by ݎߨ௢ଶ, with ro 
is concerned radius, n is number of sensor nodes.  
From equation (1) we have for fading channel 
minimum node degree given by                                   
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Where u is success probability for given fading 
medium 
From [2] we have while considering border effect 
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                                                                             (3) 
From Probability given by   
    

                            
[ ]oE A

IP e λ−=                           (4)    
 

III.  ANALYSIS OF NODE ISOLATION    
     PROBABILITY  
  

A. Deterministic channel 
The entire document should be A channel where 

the medium between transmitter and receiver is 
known, as deterministic channel. Let us consider 
the total area ܣ  , which is Area of consideration 
when nodes are distributed randomly through 
Poisson distribution. Let ܣ௢ be sub area of area ܣ 
for consideration, then probability that particular 
node ݀connected with ݊ nodes is given by ܲ(݀ ൌ ݊) ൌ 

ሾಲ೚ಲ ௡ሿ೙௡! ݁ష೙ಲ೚ ಲ                                 (3.10) 
Let ߣ ൌ (ܣ/݊) ൌNode density ൌNumber of nodes 
per Area ܲ(݀ ൌ ݊) ൌ (ఒ஺௢)೙௡! ݁ିఒ஺೚                                (3.11) 
Whereܣ௢ ൌ ݀)ܲ ௢= transmission radiusݎ  ,௢ଶݎߨ ൌ ݊) ൌ ௡(ߨߣ)  (௥೚మ)೙௡!                                (3.12) 
Let  ܲ(݀ ൌ ݊) ൌ ሾ݀ሿܧ ൌ  node degree = A node "݀" connected with "݊"number of nodes. 
We have from [2], with consideration of border 
effect, ܧሾܣ௢ሿ ൌ !ሾ݀ሿ(గ௥௢మ௡ܧ ௢ሿܣሾܧ   (3.13)                                        ( ൌ గ௥೚మ௡ ሼ(ఒగ௥೚మ)೙௡! ݁ିఒగ௥೚మ

}                    (3.14) 
From [3], node isolation probability is given by ூܲ ൌ exp (െܧߨߣሾݎଶ ]                              
 .ଶ]ൌAverage area without border effectݎሾܧߨ (3.15)
The node isolation probability with border effect is 

 ூܲ ൌ exp ሾെߣሼߨ ௥೚మ௡ ((ఒగ)೙(௥೚మ)೙௡! ݁ିఒ)ሽሿ            (3.16) 
For ݊ ൌ 15, ߣ ൌ 2, ூܲ  == 0.9994 
For ݊ ൌ 20, ߣ ൌ 3, ூܲ ൌ 0.9995 
 

B. Rayleigh fading channel 
If the signal arrived at receiver consists of 

several multipath and there is no line of sight 
between transmitter and receiver then such type of 
channel is called Rayleigh fading channel.   

The probability density equation of SNR for 

Rayleigh fading is given byfஓഥ(γ) ൌ ଵஓഥ eషಋಋഥ       (3.20) γത ൌAverage SNR γ ൌ Instantaneous SNR 
 
Node isolation probability [3] is given by PI ൌ exp (െλπEሾrଶ])                                   

(3.21) πEሾrଶ]ൌAverage area without border effect. 
A node is able to make connection with any 

other node is given by success probability. Since it 
is fading channel, node degree can be defined as 
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P(s) ൌSuccess Probabiൌ P(λ ൒ ψ) ൌ1/λ ׬ eషಋಋഥஶந  dr                                                   (3.22) ܲݏ(ߛҧ) ൌ ሾ(ҧߛ/1) ௘షംംഥషభംഥ ]ൌ(1/ߛҧ)[(-ߛҧ)(݁ିஶ െ ݁షഗംഥ )]              

(ҧߛ)ݏܲ (3.23)                                                                         ൌ (െ1)ሾ0 െ ݁షഗംഥ ሿ ൌ ݁షഗംഥ                      (3.24) 
Let ܲ(ߛ)ݏ ൌ  and from [4] node degree is given  ߤ
by ሾ݀ሿ ൌ (ఒగఓ)೙௡!  ݁ିఒగఓ                                     (3.25) 
From [2] , we have with border effect,  ܧሾܣ௢ሿ ൌ ாሾௗሿ௡  (3.26)                                         (௢ଶݎߨ)
Node isolation probability is given by   ூܲ ൌ exp ((െ ఒగ௥೚మ௡ (ሾ݀ሿܧ(                                 
(3.27) 
For ݊ ൌ 15, ߣ ൌ 2, ூܲ    ൌ 0.9780 
For ݊ ൌ 20, ߣ ൌ 3, ூܲ ൌ 0.9709 

C. Log-normal shadowing channel 
Log-normal shadowing channel describes the 

random shadowing effects which occur over a 
large number of measurement locations and it has 
the same transmitter-receiver separation, but 
different levels of clutter on the propagation path 
[6]. 

The Probability density function of log-normal 
shadowing is given by ݂(ߣ) ൌ ఌ√ଶగ  ଵఙఒ 10logଵ଴)-)݌ݔ݁  ߣ െ ߣ ଶ  ), forߪଶ/2(ߤ  ൐ (ݕ)ݏܲ (3.30)                                                               0 ൌ ߣ)ܲ ൒ ߰) ൌ Success probability ܲ(ݕ)ݏ ൌ ׬ ఌ√ଶగஶట ଵఙఒ(݁10)-)݌ݔlogଵ଴ ߣ െ    ߣ݀(ଶߪଶ/2(ߤ 
                                                                        (3.31)  
(ݕ)ݏܲ                                                                                                        ൌ ߣ)ܲ ൒ ߰) ൌ Success probability ܲ(ݕ)ݏ ൌ ׬ ఌ√ଶగஶట ଵఙఒ(݁10)-)݌ݔlogଵ଴ ߣ െ         ߣ݀(ଶߪଶ/2(ߤ 
                                                                        (3.32) 
Case (1): When ߤ ൌ (ݕ) ݏܲ 0 ൌ ఌ√ଶగ ׬ ଵఙ∞అ 10logଵ଴)-)݌ݔ݁       ߛଶ  )dߪଶ/2(ߛ
                                                                        (3.33) 
Let ଵ଴୪୭୥భబ ఊఙ  ൌ                                                 ݐ

I e ቀ௟௡ఒఙ ቁ ൌ                                                      ݐ
ߣ݈݊  ൌ                                                           ݐߪ
Differentiate (a) with respect to ݐ 
ߛ݀(ߣ/1)  ൌ                                                ݐ݀ߪ
ߛ݀  ൌ                                                       ݐ݀ߣߪ
(ݕ)ݏܲ  ൌ ఌ√ଶగ ଵఙ ׬ ଵఊஶ(௟௡ట/ఙ) exp (െ ௧మଶ         ݐ݀ߪߣ(
(3.34) 

Using ׬ ݁షೣమഋഁஶట ݁ିఒ௫ ඥݔ݀ ߚߨ ൌ ݁ఉఒమ(1-ߖ(λඥߚ + ఓඥఉ ଵଶ)                                                                 (3.35) 

Here ߚ ൌ ଵଶ , ߣ ൌ (ݕ)ݏܲ 0 ൌ ඥ2/ߨ (ߖ-1 (௟௡టටభమ ଵଶఙ))                         (3.36) ܲ(ݕ)ݏ ൌ[1-ߖ(௟௡ట√ଶ )]ൌ  (3.37)                                   ߤ

Hence ܧሾ݀ሿ = (ఒగఓ)೙௡!  ݁ିఒగఓ                            (3.38) ܧሾܣ௢ሿ ൌ ாሾௗሿ௡ ூܲ (3.39)                                          (௢ଶݎߨ)   ൌ ݁ିఒగாሾ஺೚ሿ                                                (3.40) ܧሾܣ௢ሿ ൌ ாሾௗሿ௡ ூܲ (3.41)                                          (௢ଶݎߨ)   ൌ ݁ିఒగாሾ஺೚ሿ                                                (3.42) ூܲ ൌ ఒగ௥೚మ௡)ߨߣሾ݀ሿ-)݌ݔ݁ )E[d]                           (3.43) 
For ݊ ൌ 15, ߣ ൌ 3, ூܲ ൌ 0.9842 
For ݊ ൌ 20, ߣ ൌ 4, ூܲ ൌ 0.9914 
Case (2): ߤ ݄݊݁ݓ ് 0 ௦ܲ(ݕ) =׬ ఌ√ଶగஶట ଵఙఊ (݁ߣ݈݊))-)݌ݔ െ  ଶ) d (3.44)ߪଶ/2(ߤ

Let  ௟௡ఒିఓఙ ൌ                                                    ݐ
ߣ݈݊  െ ߤ ൌ                                                   ݐߪ
 ଵఒ ߛ݀ ൌ                                                       ݐ݀ߪ

௦ܲ(ݕ) ൌ ఌ√ଶగ ଵఙ ׬ ଵఊஶ೗೙ഗషഋ഑  exp (െ ௧మଶ ݐ݀ߣߪ( ൌ׬ exp (െ ௧మଶஶ೗೙ഗషഋ഑                                           ݐ݀(

(3.44) 

௦ܲ(ݕ) ൌ ఌ√ଶగ ටగଶ ሾ1 െ )ߖ ௟௡టିఓଶఙ ቀ భ√మቁ) ൌ ఌଶ ሾ1 െߖ(௟௡టିఓఙ√ଶ )]ൌ  ߤ

Let ܧሾ݀ሿ ൌ (ఒగఓ)೙௡! ݁ିఒగఓ and ܧሾܣ௢ሿ ൌ ாሾௗሿ௡          (௢ଶݎߨ)
                                                                        (3.45) 
 ூܲ  ൌ ݁ିఒగாሾ஺௢ሿ ூܲ ൌ ఒగ௥௢మ௡)ߨߣ-)݌ݔ݁  ((ሾ݀ሿܧ 
For ݊ ൌ 15, ߣ ൌ 3, ூܲ ൌ 0.9804 
For ݊ ൌ 20, ߣ ൌ 4, ூܲ ൌ 0.9884 
 

IV.  NUMERICAL AND SIMULATION 
RESULTS 

The numerical and simulation results are 
obtained from the analytical model using 
MATLAB. The system parameters are selected as 
follows: K=10dB, Ptx =1mWatt,W=0.01mWatt, ψ 
=10dB. The parameters such as m, λ, α, and σ are 
selected suitably. The network size for simulation 
is fixed to be100m×100m.We have choosen a 
random number of nodes according to Poisson 
process and the nodes are placed over the 
simulation area according to a random uniform 
distribution. Various links are then established 
according to the given channel model. For wireless 
network one of the important feature is 

ISBN 978-89-968650-0-1 786 January 27 ~ 30, 2013  ICACT2013



connectivity. The condition for nodes to be 
connected in a network is their deterministic 
distance should less than transmission radius. The 
analysis of node isolation probability with border 
effect is done for deterministic, Rayleigh and log 
normal shadowing channel and comparison of 
these channels is done with the above condition. 

 
Figure 1. Node density vs. node isolation 

probability of deterministic channel 

 
Figure 2. Node density vs node isolation 
probability of Rayleigh fading channel 

 
Figure 3. Comparison of deterministic and 

Rayleigh fading channel. 
 

 
Figure 4. Node density vs node isolation 

probability of  log normal shadowing channel. 
 

 
Figure 5. Comparison of Rayleigh fading and log 

normal shadowing channel 
 
 

 
Figure 6. Comparison of log normal shadowing 

for different mean conditions. 
 

All the results are verified by simulation. The 
node isolation probability with border effect is 
calculated using the parameters node density (ߣ) 
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V. CONCLUSIONS
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