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Abstract

One major problem in the area of wireless sensor networks is the coverage problem. The
coverage problem deals with the ability of the network to cover a certain area or some
certain events. In this paper, we focus on the area coverage problem. We use a cluster-based
coverage control scheme and propose HSSAC protocol to maintain sensing coverage by
keeping a small number of active sensor nodes and a small amount of energy consumption in
a wireless sensor network. In this protocol, proper active sensor set can be determined using
the harmony search algorithm. Due to the proposed protocol accuracy in selecting the active
sensor set, it is able to provide the acceptable coverage rate in sparse deployment. As the
result of increasing nodes density, the proposed protocol decreases the number of active
nodes in the sensor networks. Thus, the proposed protocol decreases the energy consumption
of the networks and prolongs the network lifetime. We have simulated our protocol and
simulation results show high efficiency of the proposed protocol.
Keywords: Area Coverage, Energy Consumption, Harmony Search algorithm, Scheduling,
Wireless Sensor Networks

1. Introduction
The Wireless Sensor Networks (WSNs) are designed to conduct surveillance tasks, such as
monitoring an area, several known/unknown targets and so on [1]. The nodes in WSNs are
usually powered by batteries with finite capacity and it is always impossible to replenish the
power [2]. Therefore, the applications are hindered by limited energy supply, and one design
challenge in sensor networks is to save limited energy resources to prolong the lifetime of the
WSN [2, 3]. Power saving techniques can generally be classified in two categories [2]:
 Scheduling the sensor nodes
 Adjusting the transmission or sensing range
In this paper, we deal with the area coverage problem by keeping a small number of active
sensor nodes and a small amount of energy consumption. We use a cluster-based coverage
control scheme and propose HSSAC1 protocol.
The remaining of the paper is organized as follows: Section 2 presents the related works.
Section 3 illustrates the Harmony Search (HS) algorithm briefly. Section 4 presents the
network model and Section 5 describes the proposed algorithm. Section 6 presents some
simulation results and evaluates the proposed algorithm. The paper concludes with Section 7.
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2. Related Works
The Coverage problem deals with the ability of the network to cover a certain area or some
certain events [4]. Various coverage formulations have been proposed in literature among
which following three are most discussed [4]:
 Point coverage: the objective of point coverage problem is to cover a set of stationary
or moving points [4].
 Barrier coverage: barrier coverage can be considered as the coverage with the goal of
minimizing the probability of undetected penetration through the sensor network
[4].
 Area coverage: monitoring the whole area of the network is the main objective of
area coverage problem [4]. In this paper, we focus on the problem of Area
Coverage.
By allowing redundant sensors to go into the sleep mode, the energy consumption network
is reduced [2]. Thus, an important method for the Area Coverage problem is to find the
maximal number of covers in sensor network, where the cover is a set of nodes that can
completely cover the target area [2]. The problem of finding the maximal number of covers in
a sensor network is addressed in [5]. It is an NP-complete problem [5]. In [6], a centralized
solution is proposed to reduce the energy consumption network by turning on some redundant
nodes in the sensor network. But, this solution requires a large number of nodes to operate in
the active mode. Also, a sensor network must provide satisfactory the network connectivity
[7]. But the work in [7] does not provide minimized number of active nodes. A
straightforward solution is to use a transition range RT that is at least twice the sensing range
RS (i.e., RT  2RS), such that Area Coverage guaranties the network connectivity of active
nodes [8]. Yang et al., in [9] addressed the k-Connected coverage set problems in wireless
sensor network with the objective of minimizing the total energy consumption while
achieving k-coverage for reliability. Note that a sensor network that achieves k-coverage
could be k-connected. In [10], a set of nodes are made active to maintain coverage while
others are put into sleeping modes to conserve energy.
We propose HSSAC protocol to maintain sensing coverage by keeping a small number of
active sensor nodes and a small amount of energy consumption. In proposed protocol, proper
active sensor set determine using the harmony search algorithm. Due to the proposed protocol
accuracy in selecting the active sensor set, it is able to provide the full coverage in sparse
deployed. Moreover, as the result of increasing nodes density, the proposed protocol
decreases the energy consumption of the sensor networks and prolongs the network lifetime.

3. Harmony Search Algorithm
Harmony Search (HS) algorithm, originated by Geem et al., [11], is based on natural
musical performance processes. The HS algorithm consist five steps. The Block diagram of
HS algorithm is shown in Figure 1 [12-14].
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Figure 1. Block Diagram of HS Algorithm

4. The Network Model
In this section, we present the model and the assumptions used in this paper.
4.1. Coverage Problem Formulation
Define that the size of the target area is A total, the size of the monitoring area is A area, the
sensor set is S= {n1, n2, … , n N} and the active sensors set is a subset of S.
In this paper, we will deal with the nodes deployed randomly. We assume that the nodes
are static once deployed, and each one knows its own location which can be achieved by
using some location system [15].
Since the relationship of coverage and connectivity has been proved in [8], the
transmission range of sensor nodes is assumed to be at least twice the sensing range. Then
coverage can imply connectivity [2]. Thus, we will only focus on the coverage problem (see
Figure 2).
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Figure 2. The Transmission Radius of Sensor Nodes is assumed to be at Least
Twice the Sensing Radius. then Coverage can Imply Connectivity
The coverage model of the node ni is supposed as a circle centered at its coordinates (xi , yi)
with radius ri [2]. Then, the probability of event e is covered by the sensor node ni is equal to
a two-valued function Pcov (e,ni) :
1 If (x-xi) 2 +(y-yi) 2  ri 2
Pcov (e,ni) =
0 else

(1)

We assume that any random event e is independent of the others. Thus, it can be
considered that the event e is covered by the sensor set if any sensor in the active senor set
covers it.
Also, we define the coverage rate of the sensor set, Coverage rate , as the proportion of the
monitoring area A area to the total area A total [2]:
Covrage rate = A area /A total

(2)

4.2. The Cluster-based Architecture
We use a cluster-based coverage control scheme in this paper, which is scheduled into
rounds. In each round, firstly, the target area is divided into several equal squares. Then the
node in each square having the largest energy will be chosen as the cluster-head. The
procedure of selecting the cluster-head is the same works by Jia and Chena in 2006 and 2009
[2, 16]. The cluster-head will choose a set of active nodes to do the sensing job.
4.3. Energy Consumption Analysis
4.3.1. The Energy Consumption Analysis: we only consider the energy consumed by the
sensing task, thus when the sensor node is in sleep mode, the consumed power is considered
as zero [2].
4.3.2. The Energy Consumption Models: The energy consumed by a wireless sensor node
for sensing function is proportional to RS 2. RS is the sensing range of the sensor node [2, 17].
Thus, the coverage energy consumption of the sensor set, which is related to the sum of the
sensor's sensing radius squared, is defined as:
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E total = u.  i =1 to N ( fi  Ri 2 )

(3)

In (3), u is a factor and the amount of function fi is calculated according to (4):
0 if node ni is in sleep mode
fi =
1 if node ni is an active node

(4)

5. Proposed Protocol
In this section, we try to maintain sensing coverage by keeping a small number of active
sensor nodes and a small amount of energy consumption. As mentioned before, the clusterhead will choose a set of active nodes to do the sensing job.
In proposed algorithm, at first a primary population of the active sensors set, are selected
randomly. Each the active sensors set represents one configuration of sensor network. We
consider the mentioned population as Harmony Memory. Then we try to improve the
Harmony Memory by creating a new the active sensors set. If the new active sensor set is
better than the worst active sensors set existing in Harmony Memory, the worst one will be
replaced with it. The process of providing new active sensors set and replacing the worst
active sensors set with the new one continue until meeting termination criteria. Algorithm
continues until achieving a certain number of iteration or if the fitness value of one of the
active sensors sets exceeds the threshold value. Finally, the best active sensors set existing in
the Harmony Memory is selected as the response.

So, the proposed algorithm is presented briefly in five steps as follows:
5.1. Step1: Initialize the Problem and Algorithm Parameters
We use binary representation in which each bit corresponds to one sensor node. “1“means
that corresponding sensor is an active node; otherwise, it is an inactive node.
Each the active sensors set, A = (a1, a2, a3, … , aN), represents one configuration of sensor
network such a way that the status of each ith node equals to ai (i.e., 0 or 1).
In this step, the optimization problem is specified as follows:
Maximize f (A) = C (A) (1/ (E total (A) +1))

(5)

In (5), the amount of function C (A) is calculated according to (6):
1 if A provides the acceptable coverage rate (a predetermined value)
C (A) =
(6)
2 else
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Where A is the active senor set; N is the number of nodes, ai is the status of the sensor node
ni (i.e., 1 or 0). Also 1 and 2 shows two very small positive numbers that should be selected
properly such a way that f (A) function value doesn’t exceed the threshold value.
As mentioned before, E total (A) is the coverage energy consumption of the sensor set A
based on (3). Therefore, f (A) function value is in inverse ratio to the coverage energy
consumption.
The HS algorithm parameters are also initialized in this step. These are the harmony
memory size (HMS), or the number of the active sensors sets in the harmony memory;
harmony memory considering rate (HMCR); pitch adjusting rate (PAR); and the number of
improvisations (NI), or stopping criterion.
5.2. Step2: Initialize the Harmony Memory
The Harmony Memory (HM) is a memory location where all the active sensors sets are
stored. In this step, we consider a Harmony Memory consists of one HMS group of the active
sensors sets according to Figure 3. Each the active sensors set, Ai = (a1i, a2i, a3i, … , a N i ),
represents one configuration of sensor network such a way that the status of each jth node
equals to a j i. The fitness value of this configuration is shown by f (Ai).

Figure 3. HM for HSSAC Algorithm
So, one NHMS matrix of binary numbers will be obtained. This matrix is initialized
randomly.
The fitness value of each the active sensors set Ai is represented by f (Ai) and it is
calculated by (7):
f (Ai ) = C(Ai)  (1/ (E total (Ri ) + 1)) Ai =(a1i, a 2i, a 3i,…, a Ni) , i =1, 2, 3,…, HMS (7)

The amount of function C (Ai) is calculated based on (6) and E total (Ai) is the coverage
energy consumption of the sensor set Ai based on (3).
5.3. Step3: Improvise the Active Sensors Set
Generating the new active sensors set is called ‘improvisation’. A new active sensors set,
A= (a1, a2, … , aN), is generated based on three rules: memory consideration, pitch
adjustment and random selection.
In the memory consideration, the status value of the first sensor node (a1) for the new
active sensors set is chosen from any of the values in the specified HM range
(a11, a12, a13, … , a1HMS). Values of the other sensing radiuses (a2, a3, … , aN) are chosen
in the same manner. The HMCR, which varies between 0 and 1, is the rate of choosing one
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value from the historical values stored in the HM, while (1 – HMCR) is the rate of randomly
selecting one value from the possible range of values (i.e. 1 or 0).
For example, a HMCR of 0.85 indicates that the HS algorithm will choose the sensor status
value from historically stored values in the HM with an 85% probability or from [0, 1] with a
(100-85)% probability.
Every bit of the new active sensor set, ai A=(a1, a2, … , aN), obtained by the memory
consideration is examined to determine whether it should be pitch-adjusted. This operation
uses the PAR parameter, which is the rate of pitch adjustment.
The value of PAR sets the rate of doing pitch adjustment, while value of (1-PAR) sets the
rate of doing nothing. When the pitch adjustment operator is applied, if ai bit value is 0 is
changed into 1 and vice versa.
In Step 3, HM consideration, pitch adjustment or random selection is applied to each
variable of the new active sensors set in turn.
5.4. Sec Step4: Update Harmony Memory
If the new active sensor set, A=(a1, a2, … , aN), is better than the worst active sensors set
existing in Harmony Memory, judged in terms of the objective function value f (R), the worst
one will be replaced with it.
5.5. Check Stopping Criterion
If the stopping criterion (i.e., maximum number of improvisations) is satisfied,
computation is terminated. Otherwise, Steps 3 and 4 are repeated. After ending the
computation, the active sensors set with most objective function is selected from the HM
active sensors sets.

6. Simulation Result
In this section, our proposed algorithm is simulated using NS2 simulator [18]. To evaluate
the proposed protocol, it is compared with OGDC protocol [8]. In the simulation, we assume
a target area with a size of 5050 m2. We deploy the sensor nodes randomly in the target area.
The number of nodes, N, in different configurations are considered as 200, 210, 220, 230,
240, 250, 260, 270, 280, 290, 300, 310, 320, 330, 340 and 350 respectively. Our proposed
protocol is compared with OGDC protocol with two sensing radiuses with size of R=4 and
R=6 m. Other assumptions are shown in Table 1.
The Figure 4 and Table 2 show the coverage rate for different configuration of the sensor
networks when all sensor nodes are in active mode. For example in Figure 5, the sensor nodes
are distributed in the environment randomly.
Table 1. Parameters Values
NI

HMS

HMCR

PAR

1

2

Acceptable coverage rate

300

50

0.85

0.02

1

0.001

95.00%
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Figure 4. Verifying the Coverage Rate for Different Configuration of the Sensor
Networks
Table 2. Verifying the Coverage Rate for Different Configuration of the Sensor
Networks
The number of nodes (N)
50
60
70
80
90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260

60

R=4
61.92%
62.40%
63.20%
75.36%
77.60%
79.04%
80.16%
83.52%
85.12%
89.92%
92.96%
93.28%
93.92%
94.40%
94.72%
96.00%
96.48%
97.12%
97.44%
97.28%
99.20%
98.88%

R=6
89.12%
89.76%
90.88%
92.48%
93.12%
94.72%
96.48%
97.12%
97.92%
98.72%
99.68%
98.88%
99.52%
99.68%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
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270
280
290
300
310
320
340
350

98.72%
97.92%
98.56%
99.52%
99.20%
99.68%
99.04%
99.36%

100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%

As shown in Figure 6, Figure 7 and Table 3, due to the proposed protocol accuracy in
selecting the active sensor set, it is able to provide the acceptable coverage rate in sparse
deployment. As the result of increasing nodes density, the proposed protocol decreases the
number of active nodes in the sensor networks. Thus, the proposed protocol decreases the
energy consumption of the networks and prolongs the network lifetime (see Figure 8 and
Table 4).

N=100, R=4, Coverage rate=79.05% N=200, R=4, Coverage rate=96.11% N=300, R=4, Coverage rate=95.49%

(a)

(b)

(c)

N=100, R=6, Coverage rate=94.62% N=200, R=6, Coverage rate=100% N=300, R=6, Coverage rate=100%

(d)

(e)

(f)

Figure 5. The Coverage Rate for the Sensor Network (all Sensor Nodes are in
Active Mode)
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Figure 6. The Coverage Rate of the Active Sensor Set in Different
Configurations (R=4)

Figure 7. The Coverage Rate of the Active Sensor Set in Different
Configurations (R=6)
Table 3. The Coverage Rate of the Active Sensor Set in Different
Configurations
The number of nodes (N)
200
210
220
230
240
250
260
270
280
290
300
310
320
340
350

62

R=4
HSSAC
OGDC
95.41%
93.41%
95.23%
93.22%
95.74%
93.36%
95.42%
93.15%
95.91%
93.92%
97.89%
94.00%
98.87%
94.17%
98.17%
94.52%
98.00%
95.32%
98.03%
94.19%
98.94%
93.81%
98.21%
94.53%
98.56%
94.51%
98.80%
95.12%
99.11%
94.87%

R=6
HSSAC
OGDC
98.00%
94.19%
98.21%
93.51%
98.23%
94.23%
98.31%
93.62%
98.65%
94.19%
99.07%
95.23%
99.00%
95.62%
99.16%
95.18%
99.32%
95.43%
99.26%
95.12%
99.31%
96.32%
99.18%
96.54%
99.17%
95.98%
99.42%
96.12%
99.56%
96.18%
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Figure 8. The Number of Active Nodes in Different Configurations
Table 4. The Number of Active Nodes in Different Configurations
The number of nodes (N)
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350

R=4
HSSAC
183
180
178
181
161
149
132
130
121
112
94
92
89
81
76
78

R=6
OGDC
175
173
174
170
167
165
164
165
165
163
162
160
161
160
159
151

HSSAC
72
65
68
63
61
59
58
56
53
52
50
48
45
46
43
41

OGDC
111
109
102
95
91
82
83
80
79
77
76
73
71
73
71
70

6. Conclusion
In this paper, we have proposed HSSAC protocol to maintain sensing coverage by keeping
a small number of active sensor nodes and a small amount of energy consumption in a
wireless sensor network. HSSAC use a cluster-based coverage control scheme and determine
the active sensor set using Harmony Search algorithm. Due to the proposed protocol accuracy
in selecting the active sensor set, it is able to provide the acceptable coverage rate in sparse
deployment. As the result of increasing nodes density, the proposed protocol decreases the
number of active nodes in the sensor networks. Thus, the proposed protocol decreases the
energy consumption of the networks and prolongs the network lifetime. We have simulated
our protocol and simulation results show high efficiency of the proposed protocol.
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