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Abstract—In a larger area with less number of deployed nodes,
to localize the event such as the location of the fire in a forest,
the transmission range (TR) of different nodes plays a crucial
role. Here, this study demonstrates a method to increase the
transmission range (TR) using the benefits of randomness. With
the mathematical expression, we have shown how randomness
can benefit us. The increment in σ causes an average increase
in the transmission range. This increment in transmission range
causes a high probability of connection C(r) between two remote
nodes. According to the event, some of the nodes can be placed
in an area for the detection of the exact location of the fire. It can
be possible that either some of the nodes positioned at the precise
location or can be some meters away. We are assuming the case
of nodes placed at a distance from the location of the fire. The
reflected signal which will be received by the transmitting node
from the destination will of lower strength and hence it won’t
be possible for us to detect the exact location. For increasing the
exactness of the location, we can introduce disturbance between
the two distinct nodes which in turn creates more randomness
due to the multiple reflections.

Index Terms—Wireless network, Link connectivity, Transmis-
sion range.

I. INTRODUCTION

With the rapid development of the internet, energy con-
sumption plays a crucial problem in the wireless industry [1].
The data volume of wireless networks is expected to increase
by a factor of ten every five years, which is associated with
an increase in energy consumption of 16-20%, according to
statistics. By applying this rate to mobile communications,
it will contribute 15-20% of the total energy consumption
of Information and Communications Technologies (ICT) [2].
With the advancement in multimedia technology, video or
image [3]–[7] also needs to be communicated over wireless
network

The wireless industry faces a sustainable development in
these coming years. However, the issues of connectivity decide
the performance of the wireless network system when the
channel is dynamic. In the context of wireless communi-
cations, universal accepted service is the connectivity i.e.,
nodes must have high coverage range. In the remote or
hilly area, the coverage plays a significant role to give the
internet service to the customers. The deployment of nodes
for many different applications such as forest fire monitoring
and detection of faulty nodes, agriculture etc., is done to have
a higher probability of connection (C) [8].

At the same time, the study of noise or random behavior
of channel has to be taken care of. We always assume

that the noise deteriorates the performance of the system.
However, this statement is not valid in general. Benzi et al. [9]
originally suggested the concept of stochastic resonance (SR),
which describes a curious nonlinear physical phenomenon in
a bistable system that is subjected to periodic and random
forcing: an increase in input noise can lead to an improvement
in the signal-to-noise ratio of output. Different applications
such as weak signal detection using the use of external noise
have been shown in the papers [5], [10]–[14].

The primary application nowadays is a point to point
communication. The wired connection costs much higher than
wireless transmission. There are important applications where
sensor nodes are used to find out the location of the moving
nodes. For example, we need to find out the exact location of
the fire in a forest; we need to deploy the sensor nodes in the
forest.

Wireless sensor networks may comprise of numerous dif-
ferent types of sensors like low sampling rate, seismic, mag-
netic, thermal, visual, infrared, radar, and acoustic, which are
intelligent to monitor a wide range of ambient situations.
Sensor nodes are used for constant sensing, event ID, event
detection & local control of actuators [15]. The applications
of wireless sensor network mainly include health, military,
environmental, home, & other commercial areas. In Fig. 1, we
have shown how the nodes are distributed in a channel. The
channel keeps on varying as the nodes move on. Therefore,
it is quite challenging to get high connectivity in the wireless
sensor network.

Fig. 1: Wireless connectivity with different nodes. The con-
nectivity is a random process. Node mobility represents those
nodes which can move in any direction. With respect to a sink
node, we have encircled a sink node coverage.



Structure of the paper: Section II discusses the basic
concepts of communication models. In Section III, we describe
the outcomes of the proposed study. In Section IV, we describe
the conclusion of the proposed study.

II. DIFFERENT COMMUNICATION MODELS

A link is a transmitting medium between a sender and
transmitter node [16]. There are different models with which
communication between sender and transmitter takes place.
In the absence of any disturbance or interference, we always
assume that the receiver node is connected with the transmitter.
Let us assume that the transmitter transmits the power Pt.
Assume the L as channel attenuation or power loss. Then,
the received power can be written as Pr = Pt − L. If the
L < Lth, then a direct radio link between nodes can exist,
where Lth = Pt − Prmin with Prmin stands for minimum
power received by the receiver. Generally, for moving channel
between a sender and a receiver, we use a different model for
the study of the link. These are classified into different groups
which are as follows.

A. Deterministic Model

This model is described by the following equation

L0(r) = k0 + k1 ln r, (1)

where L0(r) stands for power loss at a distance r. k0 and k1
stand for the characteristics of the channel. Here, we assume
that sender is located at the center of the disk of radius r0.
The transmission range (TR) is a constant and is given by

TR = r0 = e
Lth−k0
k1 (2)

In the wireless channel, generally, the nodes keep on moving.
Therefore, the channel variation can easily be seen. Thus,
we need a variable transmission range rather than a constant
transmission range.

B. Statistical Model

The randomness or stochastic nature of the wireless channel
enforces us to have variable transmission range to have proper
connectivity. Here, we discuss the benefits of the channel
randomness and how does this improve the connectivity.

L = k0 + k1 ln r + S, (3)

where S is called a shadowing sample which is assumed as
Gaussian distributed with zero mean and standard deviation σ.
The corresponding transmission range (TR) can be given as

TR = e
Lth−k0−s

k1 , (4)

where s denotes the Gaussian distributed random variable.

Fig. 2: (Red) shows the deterministic channel where (Green)
shows the stochastic channel.

C. Probability of link connection

Here, we derive the expression for the probability of link
connection C(r). The probaility that the two nodes are con-
nected when the path loss is lesser than a predefined Lth i.e.,
L ≤ Lth [17].

C(r) = P (L ≤ Lth) = P (S ≤ Lth − L0(r)) (5)

C(r) = 1− 1

2
erfc

(
Lth − k0 − k1 ln (r)√

2σnew

)
, (6)

where erfc(.) is complementary error function. After simplifi-
cation, it can be written as follows.

C(r) = Q

(
Lth − k0 − k1 ln (r)

σnew

)
, (7)

where σnew can be given as follows.

σnew =
√
σ2 + σ2

ext, (8)

where σ2
ext is the variance of externally added noise. k0

and k1 show the parameters of the medium or channel. Q
represents the complementary cumulative distribution function
(CCDF). Using this model, we can derive the expression for
the disk model when σ = 0 i.e., when σ = 0, the random
variable s becomes 0. In that case,

C(r) =

{
1, r ≤ r0
0, otherwise.

(9)

where r0 is the transmission range (TR). It can be easily seen
that the randomness increases the transmission range. This
increment in transmission range causes certain nodes audible
which are not reachable when adopting the disk model (σ = 0)
because they are outside the circumference having radius TR.
However, sometimes, it makes non-audible some nodes which
are inside the circumference. It can be seen in Fig. 2

For any particular application, nodes are deployed in such a
way that it can achieve the task of fetching information [18].
Assume that nodes are spatially distributed according to the



Poisson point process (PPP) with density ρ. Let us assume
that µ represents the average number of neighbors the sink.

µnew =


2ρr0e

σ2new
2k21 for d = 1

πρr20e
2σ2new
k21 for d = 2

4π
3 ρr

3
0e

9σ2new
2k21 for d = 3

(10)

where r0 can be given by r0 = e
Lth−k0
k1 and d represents

the dimension. The µnew becomes µ when σnew becomes σ.
σnew increases as σext increases. The expression of µ can be
written as follows.

µ =


2ρr0e

σ2

2k21 for d = 1

πρr20e
2σ2

k21 for d = 2

4π
3 ρr

3
0e

9σ2

2k21 for d = 3

(11)

It suggests that noise is actually beneficial to the wireless
system in terms of its connectivity. The percentage change in
the µ is given by

I =
µnew − µ

µ
. (12)

Solving for I

I =


e
σ2ext
2k21 − 1 for d = 1

e
2σ2ext
k21 − 1 for d = 2

e
9σ2ext
2k21 − 1 for d = 3

(13)

When σext = 0, then I = 0. However, Eq. 13 shows the
increment in µ.

III. DISCUSSION

Here, in this section, we discuss the result and effects of
randomness in the connectivity. When σ = 0, the statistical
model behaves as the deterministic model. However, the major
drawback about the deterministic model is that its transmission
range. The effect of randomness produces a high transmission
range. It gives a high probability of connection, C. Fig. 3
shows the probability of connection as σ is increased.

Also, an increase in µ causes the increment in the average
number of the neighboring sink. It has been shown in Fig. 4.

IV. CONCLUSION AND FUTURE WORK

This report gives a brief idea about the utilization of external
noise or randomness in the wireless sensor network to increase
the probability of connection. It also helps in detecting the
nodes which are not audible in case of the deterministic model.
Furthermore, the results suggest that incrementing the variance
by adding σext gives exponential increment in the audible
nodes as far as d = 3 is concerned. It opens a gateway to
the researchers for the deployment of the sensor nodes for
increased connectivity.
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Fig. 3: Wireless connectivity with different shadowing values.
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Fig. 4: Increment in audible nodes. Here, d represents the
dimension such as line (d=1), area (d=2) and volume (d=3).
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