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Abstract—Wireless Sensor Networks (WSNs) are being
Applied in many real-life applications due to their efficiency
and reliability in an economic manner. Coverage area is an
essential performance metric in evaluating each WSN. It
represents the capability of the network to cover and monitor
certain areas of interest. The coverage area is mainly
depending on the sensor sensing radius. In this work, Different
simulation scenarios are proposed to model the coverage area
according to the area size, number of deployed sensors, sensor
sensing radius, and deployment type. Simulation scenarios are
performed to analyze test and evaluate the relation between the
coverage area and the other network parameters and metrics
for different suggested cases. Analytic regression models are
created for these different suggested cases. These models are
suitable to be used accurately without any need to repeat,
execute or re-run the simulation programs. The suggested
analytical equations show accurate results during their
training and testing examples. The coverage area is depending
on the sensing radius, the number of deployed sensors, the
deployment approach (random or predefined), and the
deployed area. The effect of these parameters on the coverage
area is simulated and tested in different scenarios. Different
regression curves and their equations are created and tested.
These equations can be accurately used to estimate the
coverage values.

Keywords—WSN, Coverage are, Sensing radius, Simulation,
deployment, Regression.

I. INTRODUCTION

In the current era, wireless sensor networks (WSNs)
represents an active technology that has a positive impact on
people’s life [1]. A sensor node has unique characteristics,
such as, reliability, supports large scale deployment,
mobility, etc. [2]. It represents the smallest and essential part
of the WSN. WSNs are used in different civil and military
applications. These applications are not limited to the
science, industrial and engineering [3]. A WSN is composed
of a distinct collection of low cost sensor nodes deployed
independently in a certain area. These sensor nodes can
communicate with each other in a wireless manner based on
certain frequency at low bandwidth, limited memory, and
small computational power [4].

The essential WSN function is to sense, monitor or gather
the needed data and transmit it to certain remote unit or to
certain base station [5]. The collected raw data by sensors is
then mined, processed or analyzed according to the wanted
analysis at the base station or the remote server [6].

The most significant metrics considered in measuring the
performance of the network in most of the WSN applications
are the coverage, connectivity and the network lifetime
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II. RELATED WORKS

There are different related works which concerning the
coverage area in WSNs. Most recent of these are
summarized in the following:

In [9] a bat algorithm (BA) as a nature-inspired algorithm
(NIA) was utilized as an object function to address the sensor
target coverage problem. They introduced the idea of the bat
couple as a pair of bats. The first bat is used to activate the
turned on sensing nodes, while the second bat relocates the
node for relaying data from the activated sensing node to a
sink node. They made use of the probabilistic sensing model.
Energy saving represents the main emphasis of their study.
They also ensured the network connectivity from the sensing
node to the sink node. This study semulation results showed
that the network lifetime is outperforms the other related
works.

Authors in [10] provided a direct approach in implement
the probabilistic sensing model to address the problem of the
pre-defined deployment. Their study showed that more than
86% of the deployed sensors can be saved.

In [11] authors were suggested an algorithm to maximize
the lifetime of the deployed WSNss to monitor a certain area.
They used the minimal energy as an objective function, for
their optimization approach by converting the continuous
coverage area into the discrete coverage point using the
differential evolution approach. The binary differential
evolution was redeveloped to find a better nodes subset and
satisfy the demand for coverage. Their simulation results
showed that the coverage algorithm based on differential
evolution has provided a coverage area of about 90%.

Authors in [12] studied the issue of how to completely
cover the network without knowing the locations of the
nodes. They utilized a probabilistic sensing model in creating
their coverage control model for a randomly deployed
sensors. Based on the size of the sensing region and the
required performance, the sensing node and communicating
node number were estimated. Their results showed that the
coverage quality is higher than the coverage quality
threshold.

In [13] they developed a probabilistic sensing model to
address the issue of sensor placement for the line-of-sight
sensors based on the coverage area. The membership
functions for the sensing range and sensing angle in the
probabilistic sensing model considers both the probability of
the sensing and other environmental topography variables.
They used Covariance Matrix Adaptation Evolution Strategy
and simulated annealing as optimization techniques to
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optimize the sensors location. Their findings demonstrated a
maximum in the coverage of a global sensor network.

Authors in [14] analyzed the WSN coverage
algorithms and used the probabilistic sensing model to
propose a network coverage algorithm. Their algorithm
assisted in determining the existing of any node in the
monitoring area with a sponsor set. The node must continue
operating if the sponsor set does not exist; else, the
algorithm will execute the subsequent steps. They decided
when to sleep the node. According to their modeling results,
the agreement minimizes the number of active nodes and
successfully extends the network's life cycle to provide the
preferred network coverage.

In [15], the authors took into their consideration the
distributed dispatch issue and the k-coverage placement
issue. They used both binary and probabilistic sensing
models in their strategy based on the deployment problem.
They proposed a relationship between the sensor’s sensing
radius and transmission radius. A competition-based and a
pattern-based schemas were suggested. Their suggested
schemas were distributed in nature and effective in terms of
the number of the required sensors. Their simulation results
outcomes were used to prove their network effectiveness.

Authors in [16] created a closed form expression for
the k-coverage performance. They derived an analytical
model based on a sensor failure. They considered the effects
of the number of sensor nodes, the sensing range, and the
sensor failure rate on the coverage area. Their proposed
model results with a Root Mean Square Error of less than
0.03 and a decreasing the k-coverage probability with
increasing in k.

III. PROPOSED SYSTEM

A square area has been considered with 310*310 m
dimensions. Variable number of identical sensors (N=80,
100, 130 and 150) are deployed randomly inside that area.
The sensor sensing range (r) is assumed to have the values (r
=0.8,009,1,1.2, 1.4, 1.6, 1.8 and 2). The coverage area for
each node is calculated as a circle area (r?) with diameter r.
Any point within the deployed area is said to be covered if it
lies within the coverage radius of at least one sensor.
Furthermore, the area is said to be covered by the WSN if
every point inside the area lies within the coverage radius
of one sensor or more. The probabilistic sensing model is
used.

IV. SIMULATION SETUP

Different simulation scenarios are implemented to
model, analyze and test the effects of different WSN
parameters on the coverage area. Table lpresents the
suggested simulation setup.

Tablel. WSN Environment
Value

Net Logo 6.1.1
Variable(80,100,130,150)

Parameter

The simulator

Number of Nodes

Algorithm Random approach
Variable(0.8,0.9,.....,2)

Variable()

Sensing Range

Area

Different parameters affect the network coverage area
such as the deployed area, number of nodes, deployment
approach (random or predefined) and sensing ranges.
Figure 1 represents an environment sample.

Figurel. Environment sample

Different scenarios are implemented to simulate the
effect of each parameter on the coverage area.in this case
the deployed area is selected as 310*310. Number of
deployed nodes is varied (80,100,130 and 150) with
different sensing ranges (0.8, 0.9, 1, 1.2, 1.4, 1.6, 1.8 and 2).

The following scenarios represent the simulation
scenarios to show the effects of varying the number of nodes
with different sensing ranges in a same area.

A. scenario 1

The first simulation scenario comprises of 80 nodes
deployed randomly in a 310 x 310 m area with a sink node
in a centre point. The sensing range for each sensor node is
varied from (0.8, 0.9, 1, 1.2, 1.4, 1.6, 1.8 and 2). Table 2

specifies the resulted coverage area in each case.
Table2. Simulation Results for Scenario 1

Area Number of Sensing Coverage
Nodes range

0.8 0.36

0.9 0.46

1 0.57

1.2 0.83
310*310 80 12 %100

1.6 %100

1.8 %100

2 %100

Table 2 represents certain estimated values for the
coverage area based on certain sensing ranges. To
generalize this case, a regression model is developed based
on these measured values to estimate the coverage area for
each sensing range value. Figure 2 represents the developed
regression curve and its equation. This regression equation
is tested with some of the tabular values to show its validity
and then can be used to estimate the coverage area based on
any sensing range value. The variable x in Eq. 1 represents
the suggested sensing range and the variable y represents the
resulted coverage area.

y =-12.102x° + 98.555x° - 325.52x* + 556.97x3 -

520.54x% +253.3x - 50.088 ........ (D).

Examples:

As a training phase:
- When the sensing range = 0.8 then y =0.36
- When the sensing range =1 theny=0. 57
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C. Scenario 3

In the third simulation scenario, 130 nodes are deployed
randomly in a 310 x 310 m area with a sink node in a center
point. The same sensing range values are utilized. Table 4
shows the calculated coverage area for each sensing range
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Figure2. The relationship between the sensing range and the coverage area

value.
B. scenario 2 Table4. Simulation Results for Scenario 3
The second simulation scenario is composed of 100 abled. Simuation Results Jor Seenarlo
. . . Area Number of Sensing Coverage
randomly deployed sensors in a 310 x 310 m area with a sink Nodes range
node in a center point. The same sensing range values are 0.8 0.59
suggested as in scenario 1. Table 3 specifies the estimated 0.9 0.75
coverage area for each sensing range value. 1 0.93
1.2 %100
310*310 130 4 %100
Table3. Simulation Results for Scenario 2 1' 3 0/0 100
Area Number of Sensing Coverage 1' 3 0/0 100
Nodes range > 0/°100
0.8 0.46 0
0.9 0.58 .
1 0.71 Table 4 shows the calculated values for the coverage usin
g g
310%310 100 12 ZAIOO certaip sensing ranges. Figure 4 presents the graph and the
1'2 ;’igg equation for coverage area calculation.
' 2 y =-0.9749x> + 5.4527x* - 9.8204x> + 3.7703x> +
1.8 %100
> %100 5.9591x-3.4835 .o 3)

Table 3 represents certain estimated values for the
coverage area based on certain sensing ranges. To find a
general formula to estimate any coverage area based on
any selected sensing range, Figure 3 is proposed to
represent the coverage area calculation. Equation 2
represents the resulted regression equation. The variable x
in Eq. 2 represents the proposed sensing range and the
variable y represents the resulted coverage area.

y = 6.0495x% - 57.058x> + 219.07x* - 436.65x> + 474.07x>
-263.75x +59.004 ..o 2)

Examples:

As a training phase;
- When the sensing range = 0.8 then y =0.46
- When the sensing range = 1.4 theny =1

As a testing phase;
- When the sensing range = 0.95 then y = 0.64
- When the sensing range = 1.5 theny=1
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Figure4. The sensing range and the coverage area for scenario 3
Examples:

As a training phase;
- When the sensing range = 1.4 theny =1
- When the sensing range = 1.2 theny =1
As a testing phase;
- When the sensing range = 0.95 then y =0.84
- When the sensing range = 1.3 theny =1

D. scenario 4

Finally, 150 nodes are deployed randomly in a 310 x 310
m area with a selected sink node placed at the center point.
Table 5 shows the covered area while using different
values for the sensing ranges.



Table5. Simulation Results for Scenario 4

Area Number of Sensing Coverage
Nodes range

0.8 0. 68

0.9 0.87
1 %100

1.2 %100

310*310 150

14 %100

1.6 %100

1.8 %100
2 %100

Table 5 illustrates the calculated values for the coverage
using specific values of sensing range. Figure 5 shows the
equation for coverage calculation.
The variable x in Eq. 4 is used to represent the sensing range
and the variable y used to represent the coverage area.

y =-2.1829x* + 13.329x% - 29.954x2 + 29.323x -

9.5363 ........(4)

Examples:

As a training phase;

- When the sensing range = 0.9 then y =0.87

- When the sensing range = 1.2 theny =1

As a testing phase;
- When the sensing range = 0.95 then y =0.93
- When the sensing range = 1.5 theny =1

sawerage

[iT] i b ik

IEELnY rangn

FiguréS. The sensing range and the coverage area for scenario 4

V. CONCLUSION

In this paper, WSNs coverage area are analyzed and
modeled to show their effects and relations with other
network parameters and metrics. Different mathematical
models are suggested based on the simulation results for
each suggested scenario to estimate the network coverage
area and other network metrics mathematically. The
suggested models are tested. Their results showed an
accurate result when compared with the simulation results
for different simulated values. The sensor’s sensing radius is
significantly affecting the coverage area. The sensing rang,
the number of deployed sensors and the deployed area are
significant in planning for the network coverage area

REFERENCES

[1] Akyildiz, Ian F., and Mehmet Can Vuran. Wireless sensor
networks. Vol. 4. John Wiley & Sons, 2010.

[2] Hasson, S. T., & Finjan, A. A.-N. (2018). A suggested angles-
based sensors deployment algorithm to develop the coverages in
WSN. 2018 2nd International Conference on Inventive Systems
and Control (ICISC). https://doi.org/10.1109/icisc.2018.8398860

[3] Sohraby, K., Minoli, D., & Znati, T. (2007). Wireless sensor
networks: technology, protocols, and applications. John wiley &
sons.

[4] A. Bouabana, E. Sanal and C. Sourkounis, "Development of a
low cost universal sensor for an accurate measurement of current,
voltage and temperature," 2016 IEEE International Conference

(3]

(6]

(7

(8]

[9]

[10]

[11]

[12]

[13]

[14

[}

[15]

on Renewable Energy Research and Applications (ICRERA),
2016, pp. 391-395, doi: 10.1109/ICRERA.2016.7884367.
Mainwaring, A., Culler, D., Polastre, J., Szewczyk, R., &
Anderson, J. (2002, September). Wireless sensor networks for
habitat monitoring. In Proceedings of the 1st ACM international
workshop on Wireless sensor networks and applications (pp. 88-
97).

E. Irmak, A. Kose and G. Go¢men, "Simulation and ZigBee
based wireless monitoring of the amount of consumed energy at
smart homes," 2016 IEEE International Conference on
Renewable Energy Research and Applications (ICRERA), 2016,
pp. 1019-1023, doi: 10.1109/ICRERA.2016.7884488.
Choudhury, S., Salomaa, K., Akl, S.G. (2012). Cellular
Automaton Based Motion Planning Algorithms for Mobile
Sensor Networks. In: Dediu, AH., Martin-Vide, C., Truthe, B.
(eds) Theory and Practice of Natural Computing. TPNC 2012.
Lecture Notes in Computer Science, vol 7505. Springer, Berlin,
Heidelberg. https://doi.org/10.1007/978-3-642-33860-1_10.
Hasson Aljebori, Saad & Finjan, Abd. (2017). Distance Based
Deployment Approach to Improve the WSNs Coverage and
Connectivity.

Kim, J., & Yoo, Y. (2020). Sensor node activation using bat
algorithm for connected target coverage in wsns. Sensors
(Switzerland), 20(13), 1-24. https://doi.org/10.3390/s20133733
Chen, Y. N., & Chen, C. (2018). Sensor deployment under
probabilistic sensing model. ACM International Conference
Proceeding Series, 33-36.
https://doi.org/10.1145/3234664.3234683

Qin, N. N., & Chen, J. le. (2018). An area coverage algorithm for
wireless sensor networks based on differential evolution.
International Journal of Distributed Sensor Networks, 14(8).
https://doi.org/10.1177/1550147718796734

Fen, L., Kai, D., Fanzhi, M., & Weiyan, Z. (2016). Coverage in
Wireless Sensor Network Based on Probabilistic Sensing Model.
www.worldscientific.com

Akbarzadeh, V., Gagné, C., Parizeau, M., Argany, M., &
Mostafavi, M. A. (2013). Probabilistic sensing model for sensor
placement optimization based on line-of-sight coverage. /IEEE
Transactions on Instrumentation and Measurement, 62(2), 293—
303. https://doi.org/10.1109/TIM.2012.2214952

Institute of Electrical and Electronics Engineers., & IEEE
Antennas and Propagation Society. (n.d.). 2012 8th International
Conference on Wireless Communications, Networking and
Mobile Computing: WiCOM2012: September 21-23, 2012,
Shanghai, China.

Wang, Y. C., & Tseng, Y. C. (2008). Distributed deployment
schemes for mobile wireless sensor networks to ensure multilevel
coverage. [EEE Transactions on Parallel and Distributed
Systems, 1909), 1280-1294.
https://doi.org/10.1109/TPDS.2007.70808

[16] Mini, & Pal, A. (2021). Estimating the coverage performance of a

wireless sensor network considering boundary effects in the
presence of sensor failure. FEvergreen, 8(3), 601-609.
https://doi.org/10.5109/4491652



https://doi.org/10.1007/978-3-642-33860-1_10
https://doi.org/10.1177/1550147718796734
https://doi.org/10.5109/4491652

