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Abstract— Deployment of the sensor nodes is a major aspect in the designing of wireless sensor networks. The coverage, connectivity and
lifetime o0f a wireless sensor network is directly affected by the quality of the deployment. In this paper, an optimal sensor deployment
algorithm (OSDA) has been presented to cover all the targets with the minimum number of sensors. Starting with a randomly chosen
location for the first sensor, the locations for deploying the subsequent sensors are chosen on the basis of the number of targets expected
to be covered by deploying the sensor at the selected location. The ability of OSDA to minimize the number of sensors required for
covering all the targets has been evaluated under various scenarios and compared with that of random deployment.
Keywords— Deployment, binary model, target coverage, OSDA.

I. INTRODUCTION
Wireless sensor network (WSN) comprises a number of energy-constrained nodes that are deployed for observing various phenomena of
interest. A sensor node consists of a sensing unit, a process unit, a radio transceiver and a power management unit [1]. An important
objective of sensor networks is to effectively monitor the environment, detect, localize, and classify targets of interest. The position of
sensors affects coverage, communication cost, and resource management. The effective deployment of sensor nodes is the main concern
while considering WSN. The sensor nodes in a specific region should be deployed in such a way that they efficiently cover all the targets in
surveillance region.
Recently, wireless sensor networks (WSNs) are applied in various fields [2], such as sensing, underwater surveillance [3], and
monitoring purposes [4] such as health care [5] with three main objectives: increasing lifetime, targeted coverage and connectivity
[6,7].Various methods have been proposed to evaluate the quality of coverage and connectivity achieved by a wireless sensor network[8].
Deploying the sensor nodes to attain the maximum coverage with a minimum number of sensors is a challenging task. Coverage problem [9]
can be classified as: area coverage problem (covering the entire region), target coverage problem (covering the specific area of interest) and
barrier coverage problem. Two types of sensor node deployments for the coverage are introduced: random deployment (in an inaccessible
region) and deterministic deployment (in an accessible region) [10, 11]. Many methods has been proposed to achieve complete target
coverage problem [12]. To evaluate the coverage problem, the coverage area was divided into fields [13] and was later extended to grids
[14]. This paper proposes an optimal sensor deployment algorithm for covering the targets by employing the minimum number of sensors.
A virtual force algorithmic program (VFA) as a sensing element deployment strategy was planned by Zou [15] so as to boost the coverage
for random placement of sensors in order to maximize the sensing element field coverage. Yoon et.al [16] proposed that coverage is the most
important performance metrics for detector networks. They explained that random placement is the easiest way to deploy detector nodes,
however could cause unbalanced preparation and so they adopted Monte Carlo methodology. The deployment of sensors for the coverage of
targets in the grid environment was proposed by Chand et.al [17]. In his, work, he compared his work with ACO-TCAT method in the
original form as well as after checking the redundancy. Kumari et.al [18] studied that one major drawback in wireless sensing element
network is coverage which shows quality of the network. During this paper, coverage techniques and algorithms employed in these
techniques were studied. Coverage Techniques were classified into three groups: space coverage, point coverage and path coverage. Mini
et.al [19] presented the paper to maximize the lifetime of the network with the required coverage level. They used artificial bee colony
algorithm and particle swarm optimization for sensor deployment problem followed by a heuristic for scheduling. A comparative study
showed that artificial bee colony algorithm performs better for sensor deployment problem.
A novel stochastic physics-based optimization algorithm that was both efficient and scalable was implemented by Njoya et.al [20]. The
algorithm employed `virtual sensors' which move, merge, recombine, and `explode' during the course of the algorithm, where the process of
merging and recombining virtual sensors reduces the number of actual sensors while maintaining full coverage. One of the major challenge
of cost effecicient target coverage was accomplished by Jagtap [21] using V-VBAC algorithm that is Voronoi partition based, velocity added
artificial bee colony algorithm. He compared his work with the traditional method and the results showed that this algorithm performed
better than the classical methods. Wang et.al [22] intended the essential studies on the sensing coverage and therefore the network property
from mathematical modeling, theoretical analysis, and performance analysis views. The aim of their analysis was to deliver a scientific study
on the basic issues in WSNs and supply pointers in choosing important network parameters for WSN style and execution in observe. There
are 3 kinds of sensing models viz. Boolean sensing model, shadow-fading sensing model and Elfes sensing model were examined by
Hossain [23]. He investigated the impact of sensing models on network coverage. He additionally investigated network coverage supported
Poisson node distribution. A comparative study between regular and random node placement has additionally been bestowed during this
paper. This study was helpful for coverage analysis of WSN. Gond [24] explored that one among the basic issues in wireless sensing element
network is Coverage and lifetime. Since the sensing element node have a restricted battery powerand once they are deployed, it becomes
extremely difficult to replace them. Therefore, economical energy preparations is extremely needed to enhance the coverage and lifetime.
During this work, they provided an analytical framework for the deployment of sensors. They also presented the formulation and solution to
energy allocation of sensor node according to traffic load in every hop wireless sensor networks. They also presented an algorithm which
shows that how much initial energy was required for different sensors which are deployed in different hop WSNs. An improved ant colony
algorithm (EasiDesign) was formulated by Li et.al [25] to achieve the approximate solution to the minimum-cost connectivity guaranteed
point k- coverage problem. They designed the obstacle avoidance and the routing cost tradeoff strategies to ensure that EasiDesign can work
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efficiently. Colonoi et.al [26] explored the implications that the study of ants behavior can have on problem solving and optimization. They
introduced a distributed problem solving environment and propose its use to search for a solution to the travelling salesman problem.
In this paper, an optimal sensor deployment algorithm (OSDA) is proposed for planned deployment of sensors to solve the point
coverage problem wireless sensor networks. A point coverage problem is described as: a finite set of points (targets) in RoI observed by
atleast one sensor. The OSDA starts by randomly selecting a location for deploying the first sensor and progresses to identify locations for
deploying the subsequent sensors so that all the targets are covered with the least possible number of sensors. OSDA has been implemented
and evaluated for different test scenarios. The rest of the paper is organized as follows: Section II presents the basic coverage model. The
proposed method for solving the coverage problem is discussed in Section III discusses the results. Concluding remarks in Section IV ends
the paper.
II. COVERAGE MODEL
Network coverage of wireless sensor network (WSN) means how well an area of interest is being monitored by the deployed network. It
depends mainly on sensing model of nodes. Generally, there are two sensor deployment strategies: (1) deterministic sensor deployment in a
controlled and human-friendly environment [27] and (2) random sensor deployment in a dangerous and inaccessible region [28]. For the
coverage of the region, we mainly use two types of sensing models: (1) Deterministic sensing model i.e. Boolean sensing [29] (2)
Probabilistic sensing model [30].
Binary Detection model – If the event occurs is within the sensing range of a sensor node then the event will be detected, otherwise not.
This model ignores the dependency of the environmental conditions (obstacles such as building, plants) and the potency of the emitted signal
on the task of sensing. Generally, the area covered by a sensor node is a circle with radius equals to sensing radius of the node.

Fig. 1: Detection Criteria of Binary Detection Model
This Equation shows the binary sensor model that expresses the coverage Cij(x, y) of a grid point at (i, j) by sensor s at (x, y)
{

(1)

III. PROPOSED WORK
The algorithm of OSDA is proposed so as to cater the problem of covering the targets with minimum number of sensors. OSDA is based
on the movement process in all the four directions. In the beginning, n number of targets are randomly generated at the grid points Initially,
all the parameters like range of the sensors, dimensions of the area and the number of the targets are defined and thus, saving the data for
further evaluation.
In order to cover these targets, an initial random sensor is deployed at any grid point except at the target grid point. The sensor moves
from a grid point to another step by step based on the algorithm. If the sensor covers any of the targets, the covered target list is updated that
is, the targets that have been covered by the sensor are removed from the list Now, the sensor from that grid point will move to next
location (in one of the four possible directions- up, down, left, right) and the next location is determined by counting the number of targets
covered by that sensor if it were placed at that location. The next location will be the one where the sensor covers the maximum targets.
INITIALIZATION PHASE
Initialize the target
locations
Inputs provided:
Number of targets to be covered
Range of sensors
Dimensions of the region

Save the data
Fig. 2: shows the initialization phase.
Figure 2 illustrates that initially the targets are randomly placed. Certain inputs are to be provided like the number of targets, range of the
sensors and the dimensions of the region of interest which is thus saved so as can be used further in the algorithm.
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Read the targets

Randomly deploy a sensor

Yes

Check if the
sensor is located
at any target

Remove the
sensor

No
Yes
Are all
targets
A

the

Stop

No

Deploy a new sensor using the procedure
given in Figure 4
B
No
Check if the new
sensor covers
any uncovered
targets?
Remove the sensor
Yes
Update the covered target list

Fig. 3: Flowchart of the proposed algorithm.
Figure 3 shows the algorithm that is to be used in this proposed method. In this method, firstly the saved data is read. A sensor is
randomly deployed and checked whether if the sensor is placed at any of the target locations, the sensor is discarded else this sensor is used
to check if it covers all the targets. If yes, the process is terminated otherwise the process continues to find the targets covered by the sensor.
Then, a new sensor is placed at the location found by the procedure described in Figure 4 to cover the uncovered targets. As the targets are
covered, the covered targets list is updated. In case, no new targets are covered, again a sensor is randomly placed and the process continues.
The random deployment of sensor is considered in three different cases: (1) when no new targets are covered, (2) sensor is located at the
target location, (3) when the sensor moves out of the area of interest.

A
Select the next probable sensor location by moving one step towards the right
of the current location

Evaluate the number of targets covered if the sensor is placed at the selected
position

Select the next probable sensor location by moving one step towards the left
of the current location
Evaluate the number of targets covered if the sensor is placed at the selected
position

Select the next probable sensor location by moving one step towards up of
the current location
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Evaluate the number of targets covered if the sensor is placed at the selected
position

Select the next probable sensor location by moving one step towards down of
the current location

Evaluate the number of targets covered if the sensor is placed at the selected
position

Identify the position which covers the maximum targets from the selected four
probable positions

Does the selected
position covers any new

No

Yes
Note that the new
position covers no
new targets

Select the position which
covers the maximum
number of new targets as
the next sensor location

B
Fig.4: Flowchart describing procedure for deploying a new sensor for finding next location.
Figure 4 describes the process required for the movement of the sensor to the new location in order to cover the uncovered targets. In this
process, for the deployment of the sensor, the movement is in one of the four possible directions (up, down, right, left) to find the next grid
point for placing the new sensor Firstly, the sensor is moved one step to the right of the current location of the sensor with the distance (2r-1)
where r is the sensing range of the sensor. At this location, the number of targets covered by this sensor are evaluated. The sensor is then
moved to the left of the current location with a distance of (2r-1). At this selected probable location, number of targets covered by the sensor
are examined. The same procedure is followed while moving up and down of the current sensor with a distance of (2r-1). Then the position
is identified which covers maximum number of targets when placed at the four probable locations and checked if the new sensor covers any
uncovered targets. If so, the probable location is selected as the next sensor location else the procedure is moved to B where a sensor is
located randomly and again the process of movement continues. The procedure is carried out till all the targets are covered.
IV. RESULTS AND DISCUSSIONS
In this system, the sensor deployment using optimal sensor deployment algorithm is efficiently done. Firstly, the given area is divided into
two-dimensional grid and sensors are deployed in a way to cover all the targets with minimum number of sensors using binary detection
model.
In this work, the comparison is made between the optimal sensor deployment and random deployment considering three different
configurations i.e. by altering three different parameters which are dimensions of the area, number of targets and the range of the sensors. For
each of these configurations, 5 different cases are exhibited for which the algorithms are executed 10 times and the mean of 10 independent
results are observed. The three different configurations are as follows:
 Number of targets and the range of sensors are constant whereas the dimensions of the region are altered.
 Dimensions of the area and number of targets are constant and the range of sensors is varied.
 The dimensions of the area and the range of sensors is kept constant but the number of targets are changed.
The results of work done are given below:
Table 1: Showing the effect of variation in total number of sensors of constant range required to cover fixed targets within a varying field of
interest.
CASES AREA
RAN
NUMBER OF TARGETS
NUMBER OF SENSORS DEPLOYED
GE
(Mean of 10 independent executions)
OSDA
RANDOM DEPLOYMENT
1
100×100
50
50
2.8
6.1
2
300×300
50
50
16.6
32.2
3
500×500
50
50
26
40
4
750×750
50
50
39
47.3
5
1000×1000
50
50
40.1
47.4
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Table 1 illustrates the deployment of sensors of same range for covering a fixed number of targets for different region of interest. It
shows the effect of varying area on the number of sensors. It is depicted that for small regions, less number of sensors are deployed but with
the increasing area, the number of sensors also increases because as the dimensions of the region keeps on increasing the number of sensors
required to cover the targets scattered in the particular region also increases. This effect can be observed by the following graph

Number of sensors deployed

Number of sensors deployed by OSDA
50
40
30
20
10
0
1

2

3 Cases 4

5

6

Fig.5: Comparative study of OSDA and Random deployment on varying area when number of targets and sensing radius are constant.
Figure 5 shows the comparison of the two methods. It is evident from the above figure that as the RoI enlarges, the targets are scattered at
larger distances due to which the number of sensors needed to cover these targets increases. This is so because the sensing radius of the
sensor is kept fixed whereas the space in which the targets are placed is increased. The random method requires large amount of sensors to
cover these targets than the OSDA as apparent from the above graph.
Table 2: Showing the effect of variation in the total number of sensors of varying range required to cover fixed number of targets within a
fixed area of interest.
AREA

RANGE

NUMBER OF TARGETS

1000×1000
1000×1000
1000×1000
1000×1000
1000×1000

50
100
150
200
250

50
50
50
50
50

NUMBER OF SENSORS DEPLOYED (Mean of 10 independent
executions)
OSDA
RANDOM DEPLOYMENT
38.7
49.6
24.9
42.4
19.9
35.1
11.5
28.1
9.4
20.8

Number of sensors deployed

Table 2 presents the results of the proposed method for covering 50 targets within a region of dimensions, 1000×1000 with different
ranges of sensors. It is seen that as sensing radius of the sensors keep on increasing, OSDA requires almost half of the sensors as required by
the other method. It can be observed from the above table that within fixed region, as the range of the sensor increases, it covers more targets
within that sensing radii due to which the number of sensors required to cover the targets decreases.
Figure 6 given below gives an idea of how the number of sensors required to solve the point coverage problem alters with the changing
sensor ranges. A declining curve is noticed for OSDA and random deployment for incrementing detection ranges. This is due to the fact that
as the radii of the sensor increases, it covers more targets as compared to low sensing radius.
60

Number of sensors deployed by OSDA

50
40
30
20
10
0

50

100

150
200
Range of sensors

250

Fig.6: Comparative study of OSDA and Random deployment on varying sensing radius of sensors when number of targets and RoI are
constant
Table 3: Showing the effect of variation of the total number of sensors of same range required to cover varying targets within a fixed area of
interest.
AREA
RANGE
NUMBER OF TARGETS
NUMBER OF SENSORS DEPLOYED (Mean of 10 independent executions)
OSDA
RANDOM DEPLOYMENT
500×500
50
10
7.8
9.4
500×500
50
20
15.6
17.1
500×500
50
30
22
26.9
500×500
50
40
23.1
31.9
500×500
50
50
28.4
42.3
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Number of sensors deployed

Table 3 depicts the deployment of sensors of same range within a predetermined region. Within region of dimensions 500×500, small
number of targets are covered by less sensors whereas for more number of targets, sensors required are more. This is because small amount
of targets are scattered in small area due to which they are covered by less sensors rather the scenario is different when the number of targets
are increased.
Number of sensors deployed by
RANDOM DEPLOYMENT
Number of sensors deployed by OSDA

80
70
60
50
40
30
20
10
0
10

20

30
Number of targets

40

50

Fig.7: Comparative study of OSDA and Random deployment on varying number of targets when sensing radius and RoI are constant
Figure 7 illustrates the growing curve for the number of sensors needed for target coverage with rising number of targets for OSDA and
random deployment. When the number of targets are less, small number of sensors are needed to cover these targets but with increasing
targets, number of sensors also increases.
V. CONCLUSION AND FUTURE SCOPE
Coverage is one of the most important measurement for the quality of surveillance that a sensor network can provide. Therefore, the paper
emphasizes on the target coverage problem in a wireless sensor network. The methodology based on the movement of the sensors for covering
the set of targets with binary detection model is presented. The algorithm proposed, OSDA is so built so as to cover all the targets with
minimum number of sensors in a given area. The results are then compared with the random deployment method. In random deployment, the
number of sensors required to solve the coverage problem is more than the proposed method.
In the implemented work, it has been concluded that OSDA method is better than the random deployment method for covering the
targets under different constraints. Thus, this method requires less number of sensors to cover all the targets and in the Future work, we will
try to compare this algorithm with other algorithms with more optimization capabilities.
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