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Abstract. In recent years, sensor networks have grown exponentially
and they are used in many fields of applications such as the monitoring
of environment parameters, intelligent agriculture, surveillance of area,
smart city, monitoring biological parameters of patients, etc. A Wireless
Sensor Network (WSN) is a set of sensors deployed over a geographical
area so that each node can collect data from the environment, do local
processing and transmit them to a sink node or base station using multi-
path routing. An optimal deployment of sensors in the area of interest is
required for the network to be efficient. So a good deployment can ensure
a good coverage of the area, a better network connectivity and also an
energy saving. In the literature several methods for deploying sensors
are proposed. In this paper, we work on strategies based on the grid. We
propose to divide the area into a square-octagonal pattern. The pattern
consists of a square polygon and two octagon polygons. Based on our
method, we evaluate the number of sensors used for the deployment of
the sensors network, the percentage of coverage obtained, and then we
make comparisons with other proposals in the literature. The obtained
results showed that our proposal enable to ensure 91.03% of the coverage
area compared to other strategies of sensors deployment.

Keywords: Square-octagon pattern · Coverage · Deployment
strategy · Wireless sensors network

1 Introduction

Wireless sensor networks are an emerging technology that is becoming increas-
ingly popular in both the civilian and military domains. A WSN allows sensors
to detect information (such as temperature or pressure) about the environment
in which they are deployed, and then send it to collection points, called “base
stations”. This is how WSN are used in several domains such as environmen-
tal monitoring, intelligent transportation, building, patient monitoring, agricul-
ture, etc. In many applications, the deployment of sensors is done without prior
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planning. However, an optimal deployment of sensors in the area of interest is
necessary for the network to be effective. Thus, a good deployment can provide
good coverage of the area, better connectivity of the network and also energy
savings. It is in this context that we will conduct our studies to ensure a very
good coverage with an optimal number of sensors. In the literature, several sen-
sor deployment methods have proposed. In this paper, we work on a grid-based
strategy. It consists in dividing the area into a square-octagonal pattern. The
pattern consists of one square polygon and two octagonal polygons. Based on
our method, we evaluate the number of sensors used for the deployment, the
percentage of coverage obtained, and then we compare it with other approaches
in the literature presented in Table 4 of Sect. 3 and Fig. 9 of Sect. 4.

The rest of this paper is structured as follows. Section 2 gives some related
works on the basic concepts of coverage and connectivity in a sensor network.
Sections 3 we present in detail the new WSN deployment technique based on a
square-octagon pattern to Optimizes the Covered Area. Section 4 evaluates the
approach. We evaluate the coverage efficiency (%) obtained by our deployment
pattern to provide partial area coverage with n-sided polygon models. We also
compare for each pattern of deployment, the ratio between the sensing radius
and the communication radius. Some concluding remarks and future work are
given in Sect. 5.

2 Related Works

Recently, many researchers have studied sensor deployment techniques in WSN.
Authors in [1–7] have worked on the basic concepts of coverage and connectivity
in a sensor network. In the following, we show the different types of sensor
deployments in sensors network.

2.1 Sensors Classification

A WSN consists of a set of nodes which can be deployed randomly or determin-
istically over a given interest area. Each sensor node has a coverage radius, a
communication radius, an energy that represents its lifetime. Sensors can also be
differentiated by their mobility. We have two types of sensors according to this
criterion: fixed sensors and mobile sensors. In [2], the author compares these two
types of sensors in terms of energy consumption and they conclude that mobile
sensors consume more energy than fixed ones. Indeed, the movement of a sensor
can have a direct effect on the efficiency of the coverage area. On the other hand,
the author in [8] shows that mobile nodes allow closing holes in the network.

2.2 Types of Coverage in WSN

Coverage is an important performance metric in WSN, which reflects how well a
sensing field is monitored. Its purpose is to collect good information of the area of
interest [8]. Depending on the position of the sensors, we can have several types
of coverage [1,9] such as barrier coverage, point coverage and area coverage.
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– Barrier coverage: In this case, the objective is to achieve an arrangement
of sensors with the task of maximizing the detection probability of a specific
target penetration through the barrier.

– Point coverage: The goal of this technique is to cover a set of points (target)
with known positions that need to be monitored. This coverage scheme focuses
on determining the exact positions of sensor nodes while guaranteeing and
efficient coverage for a limited number of immobile targets. Depending on the
mobility of the points, we have two types of coverage: fixed points and mobile
points.

– Area coverage: The main objective is to cover (monitor) a region and to
maximize the detection rate of a specific area.

In the following, we define analytically the point coverage and the area cov-
erage techniques. Let M = {S1, S2, ..., Sn} be a set of sensors nodes and A
denoted of a given area. On the other hand, let rs represent the sensing range
of a sensor node in the WSN. In this case, a sensor Si ∈ M cover a point q ∈ A
if and only if: d(Si, q) ≤ rs. While d(Si, q) represent the Euclidean distance
between the sensor node Si and the point q. The coverage of area by a sensor
Si ∈ M , denoted by C(Si), is defined by:

C(Si) = {d ∈ A | d(Si, q) ≤ rs}
Finally, the area coverage by a set of sensors Mn = {S1, S2, ..., Sn}, denoted by
C(Mn) is defined by:

C(Mn) =
|Mn|∑

k=1

C(Sk)

In this paper, we focus on the area coverage technique. Most of the previous
studies on this problem have focused on how to reduce the number of sensors to
cover an area. In our case, we try to maximize the coverage of an area with a
given number of sensors having the same characteristics.

2.3 Types of WSN Deployment

In order to ensure a good coverage of an area together with a network connectiv-
ity in the WSN, it is important to study and take into consideration the existing
sensors deployment strategies. There are two types of sensor deployment tech-
niques: random and deterministic [8,9]. For the first case, it consists in knowing
the exact position of the sensor before its deployment, contrary to the second
deployment technique. Otherwise, sensor deployment strategies depend on the
applications. Some sensor network applications require a full-area coverage of
the region and others require a partial or a target coverage. For example, critical
area monitoring and smart agriculture requires full coverage of the area.

2.4 Sensors Deployment Algorithm in WSN

Deployment can be uniform or non-uniform in a network architecture that can
be centralized or distributed.
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Deployment by the Meta-heuristic Method: In [7], the authors proposed
a random sensor deployment with a meta-heuristic approach. The sensors are
dynamic over time to ensure robustness of the network in terms of coverage.
To achieve this objective, each sensor is programmed to participate dynamically
on the performance of the network. The data fusion technique is used through
clusters. Sensor deployment can also be done using a small aircraft. In [7], the
deployment takes three phases: the predeployment, the postdeployment and the
redeployment. The authors have applied their approach to different cases: area
coverage, barrier coverage and point coverage. For a better efficiency of the
heuristic method in relation to the virtual forces, a genetic algorithm is presented
in [9]. Here, the authors show that the heuristic method is more efficient in terms
of coverage and the number of used sensors.

Virtual Force Algorithms: This algorithm uses a simple deployment. Between
two sensors, a force is exerted on one according to its distance from its neighbor
and a fixed threshold. In [1], the authors explain in detail the execution of the
different virtual forces as follows.

– If the distance between two sensors is less than the threshold, they exert a
repulsive force on each other.

– If the distance between two sensors is greater than the threshold, they exert
an attractive force on each other.

– If the distance between the two sensors is equal to set threshold, they exert
a zero force on each other.

Figure 1 gives the three types of forces where the radius of the circle represents
the threshold value.

Fig. 1. Virtual forces [3]

In [3], the authors proposed an algorithm to follow a moving object with
virtual forces. They have developed a probabilistic approach based on the infor-
mation collected by a group of sensors deployed to monitor a moving object.
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Strip Deployment Algorithm: In a given area, the sensors can be deployed
either in a single horizontal strip or in two strips. It consists of placing a set of
sensors in a plane where the distances between them are denoted by dα and dβ

as shown by Fig. 2. The columns are deployed either from left to right or from
the other side. In [8], the authors make a physical deployment of the sensors in
horizontal stripes and then they treat the notion of cooperative communication
between them. In the study presented in [8] and [9], each sensor in the horizontal
band carries a crucial information in order to ensure the coverage of the network.
Then the authors make a comparison between the physical and information
coverage of an area.

Fig. 2. Strip deployment in [8].

Computational Geometry Based Strategy: The geometric strategies are
based on objects such as points, segments, lines, polygons, etc. According to [1]
and [8], the two most used methods in WSN are the Voronoi diagram and the
Delaunay triangle which are based on irregular patterns as shown by Fig. 3.

Fig. 3. Computational geometry based strategy in [1]
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Grid-Based Strategy: The grid-based strategy ensures a deterministic deploy-
ment. In this type of deployment, the sensor position is fixed according to a
chosen grid pattern. In [10], the grids or blocks can be all identical regular poly-
gons placed side by side or grids which can be regular and nonidentical polygons
placed side by side. Many works have focused on the study of grids for an optimal
deployment of sensors. Among them, we have:

• Triangular Grid: The zigzag-shaped sensor deployment is presented in [11]
with a distance of

√
3rs (where rs is sensing range of a sensor) between two

adjacent nodes over an angle of 60◦. The author provides an algorithm that
ensures 91% complete coverage and 9% redundancies. In [1] it has been shown
that the equilateral triangle is the polygon with side equal to 3 provides
maximum coverage in terms of area. Then, to have an optimal percentage
of coverage, an area must be divided into a grid in the form of equilateral
triangles.

• Square Grid: The author of [12] cuts his work area into square grids for the
deployment of his sensor nodes. Two algorithms have been proposed:

• Algorithm Version 1: It consists in dividing the area into rows and
columns. A first group of sensors are deployed on the rows and columns
without overlapping and the distance between two adjacent nodes is 2rs.
A second group of sensors are placed on intersections that are not cov-
ered by the first group of sensors, at this level the distance between two
neighbors is 0.7rs. This version of algorithm gives a coverage percentage
of 78% of the area.

• Algorithm Version 2: It consists in dividing the area into rows and
columns. The sensors are deployed on the rows and columns with overlap-
ping. The distance between two nodes is 0.7rs along the vertical axis and
also along the horizontal axis. This version of algorithm gives a coverage
percentage of 73% of the area.

• Hexagonal grid: This model consists in dividing the area into cells of hexag-
onal shape. This model has been presented in [13] with a distance between
sensors of d ≤ √

3rs.
In [14], the authors compare different uniform and identical grid-shaped
deployments and concludes that the hexagon provides better performance
in terms of percentage of network coverage.

We conclude this section by two comparative tables:

• Table 1 summarizes the state of the art. It presents all the approaches that
have worked on the deployment of sensor networks with the different tech-
niques used by each author.

• Table 2 has been presented by Mahfoudh in [1] and shows the coverage and the
connectivity requirements of WSN applications. Thus, to ensure the collection
and monitoring of climate data, we choose to deploy on a partial coverage
≤80% based on a grid algorithm. The cutting pattern of our algorithm is the
square-octagon (two octagons and one square).



A New Strategy for Deploying a Wireless Sensor Network 67

Table 1. Summary of the State of the Art

Approach Application Deployment Coverage Quality Weakness

[3] Monitoring Random Virtual force Auto-replace Energy

[13–16] Monitoring Random Heuristic Evolutionary Energy

[1,17] Monitoring Deterministic Geometric Stable Not uniform

[8,18] Monitoring Deterministic Strip Precision High cost

[19] Monitoring Determ./random Grid pattern Auto-replace Energy

[10,11,20] Monitoring Determ./random Grid pattern Accuracy Choice pattern

3 Approach

In this section, we will present in detail our approach.

Table 2. Applications of WSN

Applications Type coverage Coverage Connectivity Response time Mobility

Industrial site Area coverage Full Permanent Temporal Fixed

Fire detection Area coverage Partial Permanent Threshold Fixed

Intruder detection Barrier coverage Full Permanent Presence Fixed

Border surveillance Barrier coverage Full Permanent Presence Fixed

Air pollution Area coverage Partial Intermittent Temporal Mob./Fix.

Patient monitoring Point of interest Full Permanent Real time Fixed

Climate monitoring Area coverage Partial Intermittent Temporal Mob./Fix

3.1 Preliminaries

Some useful preliminary parameters and notations related to a polygon (example
Fig. 4) are presented below:

Fig. 4. Polygon of n sides (n = 6)



68 A. Lecor et al.

– We denote by Q(n, a) a polygon of n sides of length a each.
– The perimeter of Q(n, a) is P (Q(n, a)) and its area is A(Q(n, a)). We simply

write P and A when Q(n, a) is clear from the context.
– We denote by ri the measure of the apothem (the radius of the biggest

inscribed circle) and at the same time ri is the sensing radius of the sen-
sor (rs).

– We use rc to denote the radius of the circumscribed circle and at the same
time rc is the communication radius of the sensor.

The following equations give the relationship between the different parameters
of a polygon.

a = 2 × rc ∗ sin(
π

n
) = 2 × ri ∗ tan(

π

n
)

ri = rc × cos(
π

n
) = (1/2) × a × cot(

π

n
)

rc =
a

2 × sin(π
n )

=
ri

cos(π
n )

A =
n × a2

4 × tan(π
n )

P = a × n

In the harmony of the world of KEPLER in 1619, the way in which an area is
divided is called paving. It is shown in [10] that there are two ways of dividing
an area to reach a paving. Either one can divide the zone into identical convex
regular polygons with a common vertex P and whose sum of their angles at this
point P is 360◦ which is the regular paving, or into a convex regular polygon
and not identical (called a semi-regular paving).

We propose to use the grid-based algorithm with the principle of semi-regular
paving. Firstly, we calculate the area of the zone and then depending on the com-
munication radius and the catchment radius, we set the size of each dimension of
our grid pattern. Secondly, the area of interest will be divided into two octagons
and one square, then we place on the center of each octagon of our pattern an
rc communication beam sensor. Finally, we are going to look for the number of
sensors that will be used and the percentage coverage of the area.

3.2 Hypothesis

The following assumptions are used by the approach proposed in this paper:

• Each sensor is omnidirectional, and covers an angle of 360◦;
• Each node is considered as a disk with communication radius rc and sensing

radius rs;
• All cutting work is based on the 2-dimensional space;
• Each pattern may have one or more polygons consisting of n dimensions of

size a;



A New Strategy for Deploying a Wireless Sensor Network 69

• The rc of the sensor is equivalent to the radius of the circle circumscribed to
the polygon;

• The rs of the sensor is equivalent to the radius of the circle inscribed at the
polygon.

3.3 Objectives

The main goal of this approach is to ensure an optimized coverage of the city
of Bambey and the Ferlo area in Senegal based on a new technology of sensor
network deployment. This technique is based on a cutting of the area in a square-
octagon pattern in order to optimize the number of sensors for a better coverage
and to ensure connectivity and robustness of the network. Thus to achieve this
objective we need to achieve a set of well defined sub-objectives:

1. Optimal number of sensors;
2. Better coverage percentage;
3. Better sensor locations and
4. Network connectivity and robustness.

The following table clearly shows our different working criteria set to reach our
goal. On a set of approaches, we are going to compare the coverage efficiency,
the cost of the installation, the energy used by a node, the distance between
two nodes and also the mobility of the sensors between different patterns. The
number of sensors is expressed as a function of rc. It is equal to Az (the area of
the total zone) divided by the Ac (area of a cell) expressed as a function of rc.
The distance d between two nodes is equal to twice the coverage radius which is
also equal to twice the radius of the circle inscribed to the cell.

number of nodes =
Az

Ac

Table 3 compares the coverage efficiency, the cost of the installation, the
energy used by a node, the distance between two nodes and also the mobility of
the sensors between different patterns.

The value of d1 gives the distance between two nodes along the horizontal
axis and d2 is the distance between two nodes along the vertical axis.

3.4 Algorithm

The proposed approach consists in dividing an area into a pattern containing
two octagons and a square each (sometime denoted by 824). The size of each
side is a as shown by Fig. 5.
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Table 3. Coverage efficiency comparison

Approach Grid pattern Coverage Number of nodes Distance between
two nodes (d)

[11] Triangle 39–41% Az
1.299r2c

0.7rs

[12] Square 73–78% Az
2r2c

d1 = 2rs, d2 = 0.7rs

[18,20,21] Hexagon 82.69% Az
2.59r2c

√
3rs

[8,18] Strip 100% rc
rs

≥ 2.5 min(rc,
√

3rs)

[19] Semi-random 80–95% Fixed Variable

Proposed approach Square + Octagon 91.03% Az
3.82r2c

1.84rs

Fig. 5. Pattern of 2 octagons and 1 square

Patterns are connected to each others as shown in Fig. 6.

Fig. 6. Pattern connection

Once the complete zone is covered by patterns, it looks as shown by Fig. 7.
After that sensors are positioned in the center of octagons and labeled as
following:

– The BS station is center of the zone, denoted by label 0.
– Sensors having label i + 1, are those having a distance 2 ∗ rc from a sensor

having a label i.
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Fig. 7. Zone covering and sensor placement

For the sake of simplicity, we assume that area is a rectangle with a length
l and width w. The center of the area will be as the position (0, 0) used as the
origin of our repair. Algorithm 1 gives the positions of sensors and their labels.
Positions will be returned in table called Positions where Positions[i, j] gives xi

(abscissa of the i-th sensor to the right if i > 0, to the left if i < 0), yj (ordinate
of j-th sensor up if j > 0 and down if j < 0) and hi,j (the label that reflects the
number of hops to reach the BS). At position (0, 0) we have the BS.

Algorithm 1: Sensor Positioning and Labeling
Data: (l, w), rc and n
Result: Positions

1 initialization;
2 a = 2 ∗ rc ∗ sin(π

8 );
3 Az = l ∗ w;
4 Aoctagon = n∗a2

4∗tan( π
n ) ;

5 Asquare = a ∗ a;
6 Apattern = 2 ∗ Aoctagon + Asquare;
7 Nbrpatterns = � Az

Apattern
�;

8 Nbrsensors = 2 ∗ Nbrpatterns;
9 Position[0][0] = (xbs = l

2 , ybs = w
2 , 0);

10 for (i = 0; i < l
2∗rc

; i + +) do
11 for (j = 0; j < w

2∗rc
; j + +) do

12 Positions[i][j] = (xbs + i ∗ 2 ∗ rc, ybs + j ∗ 2 ∗ rc, i + j);
13 Positions[i][−j] = (xbs + i ∗ 2 ∗ rc, ybs − j ∗ 2 ∗ rc, i + j);
14 Positions[−i][j] = (xbs − i ∗ 2 ∗ rc, ybs + j ∗ 2 ∗ rc, i + j);
15 Positions[−i][−j] = (xbs − i ∗ 2 ∗ rc, ybs − j ∗ 2 ∗ rc, i + j);
16 end
17 end
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The following lines comment line by line the algorithm

line 1: initialization of variables;
line 2: calculate the value a as a function of the communication radius rc of
the size of the side of a polygon of size 8 sides;
line 3: calculate the area of the working area in rectangle is equal to length l
multiplied by the argeur w;
line 4: calculate the area of the octagon as a function of a the size of a side.
The octagon is a polygon of 8 sides n = 8;
line 5: calculate the area of the square with side a. The square is a polygon
with four sides n = 4;
line 6: calculate the area of the pattern made of two octagons of a square;
line 7: calculates the number of patterns that can be cut out of the area of
interest by dividing the area of the area by the area of a pattern;
line 8: calculates the number of sensors in the area of interest by multiplying
the number of patterns by two. For each pattern we can place two sensors
the center of each octagon;
line 9: gives us the position of the base station in our frame. The base station
is in the center of the frame at position (0,0) and its position in the area of
interest is (length /2, width/2) (xbs = l

2 , ybs = w
2 , 0);

line 10: the index i represents the x-axis of a sensor. i traverses the area of
interest from 0 to (length/2rc) ( l

2∗rc
);

line 11: the index j represents the y-axis of a sensor. j traverses the area of
interest from 1 to (width/2rc) ( w

2∗rc
);

line 12: represents the position (i, j) of a sensor;
line 13: represents the position (i,−j) of a sensor;
line 14: represents the position (−i, j) of a sensor;
line 15: represents the position (−i,−j) of a sensor;
line 16: the end of the loop for with index i;
line 17: the end of the loop for with index j.

here is an example of application of the algorithm:
The surface of the working area is 500 m2 with length 25 m and width 20 m and
the communication radius of the sensors is 4 m.
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1 a = 2 ∗ rc ∗ sin(π
8 ) ⇒ a = 2 ∗ 4 ∗ sin(π

8 ) = 3.1m;
2 Az = 500m2;
3 Aoctagon = n∗a2

4∗tan( π
n ) ⇒ Aoctagon = 8∗32

4∗tan(π
8 ) = 45.25m2;

4 Asquare = a ∗ a ⇒ Asquare = 4 ∗ 3.1 = 9.37m2;
5 Apattern = 2∗Aoctagon +Asquare ⇒ Apattern = 2∗(45.25)+9.37 = 99.88m2;
6 Nbrpatterns = � Az

Apattern
� ⇒ Nbrpatterns = � 500

99.88� = 5patterns;
7 Nbrsensors = 2 ∗ Nbrpatterns ⇒ Nbrsensors = 2 ∗ 5 = 10sensors;
8 Position[0][0] = (xbs = l

2 , ybs = w
2 , 0) ⇒ Position[0][0] = (xbs = 25

2 , ybs =
20
2 , 0);

9 for (i = 0; i < 25
2∗4 ; i + +) do

10 for (j = 1; j < 20
2∗4 ; j + +) do

11 Positions[i][j] = (xbs + i ∗ 2 ∗ 4, ybs + j ∗ 2 ∗ 4, i + j);
12 Positions[i][−j] = (xbs + i ∗ 2 ∗ 4, ybs − j ∗ 2 ∗ 4, i + j);
13 Positions[−i][j] = (xbs − i ∗ 2 ∗ 4, ybs + j ∗ 2 ∗ 4, i + j);
14 Positions[−i][−j] = (xbs − i ∗ 2 ∗ 4, ybs − j ∗ 2 ∗ 4, i + j);

Table 4 gives the results obtained by applying Algorithm 1 on an area of
size 500 m2 and with a radius of 4 m. The result is compared to other polygon
pattern of dimension n.

4 Evaluation and Performance

In this section, we evaluate the coverage efficiency (%) obtained by our deployment
pattern to provide partial area coveragewith n-sided polygonmodels.We also com-
pare for each pattern of deployment, the ratio between the sensing radius and the
communication radius. The ratio between the coverage radius and the communica-
tion radius allows us to know the predefined redundancy capacity of the network.
The lower this ratio is, the lower the redundant zones are and the more the ratio
tends towards zero, the more the redundancy increase as it is shown in Table 5.

Table 4. Coverage and efficiency

n Cell area Number of sensors Theoretical coverage Efficiency

3 20.78 24 1209.25 41.34

4 32 16 785.06 63.68

5 38 13 660.91 75.65

6 41.56 12 604.62 82.69

7 43.68 11 574.97 86.96

8 45.25 11 554.87 90.11

9 46.28 11 545.32 91.68

10 46.96 11 534.72 93.49

824 99.879 10 549.25 91.03
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Table 5. Grid algorithm, efficiency and coverage

Grid pattern Efficiency Coverage rs/rc

Triangle 39–41% Full ≤0.65

Square 73–78% Full 0.7

Hexagon 82.69% Full 0.866

Strip 100% Full Variable

Semi-random square 80–95% Partial Variable

1square-2octogon 91.03% Partial 0.9238

Figures 8 and 9 show respectively the number of sensors required for an area
of size 500 m2, and the percentage of coverage obtained by our deployment
pattern compared to others (triangle, square, hexagon).

Fig. 8. Number of sensors required depending on the pattern of deployment

As shown in Fig. 8, the number of sensors required to cover an area of size 500
m2 is much lower with the 1Square-2octagon pattern compared to the hexagon,
square and triangle. As illustrated in Fig. 8, our deployment pattern allows to
decrease the number of sensors, which optimizes the cost.
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Fig. 9. Percentage of coverage

In Fig. 9, we compare areas of identical size that are partitioned into triangles,
squares, hexagons and our pattern (1square-2octagon). We find that our pattern
has a better percentage of coverage compared to other patterns. The working
area is 500 m2 and the radius used to calculate the results is 4m.

5 Conclusion

This paper proposes a new algorithm for sensor deployment that minimizes the
number of sensors and significantly improves surface coverage in WSN. Addi-
tionally, we investigated other grid-based deployment models such as triangles,
squares, and hexagons. The comparisons of our pattern with those of the litera-
ture allowed to conclude that our algorithm gives better performances in terms
of coverage area and number of sensors required to cover a given region.

As future work, we intend to use our pattern deployment in the areas of
Bambey and Ferlo in Senegal for the implementation of an application for the
collection, the processing and the transmission of climatic data in real time using
sensor networks.
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