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1. INTRODUCTION

The area of wireless sensor network has received quite a lot attention from the research community
in last ten years owing to the advantages as well as spontaneously evolving challenges in the technology. A
wireless sensor network comprises of the group of sensor nodes that are either positioned in a unique location
(uniform) or distributed arbitrarily in the environment (random). The sensor nodes are small electronic
devices that have the capability to sense certain physical attributes like moisture, heat, motion, pressure,
smoke, etc. Right from habitat monitoring to healthcare application, wireless sensor network has found its
applicability in multiple commercial needs [1]. A closer look at the operation of wireless sensor network
finds that there are three types of sensor nodes e.g. member sensor nodes, cluster head, and base station. The
member sensor node gathers the raw physical data and transmits to the cluster head. It is said that clustered
usually possess higher residual energy compared to member nodes. The cluster head is required to possess
such high residual energy as they are mainly responsible for transmitting massively aggregated data to the
sink. This phenomenon is termed as data aggregation [2]. Hence, in order to visualize the effective data
aggregation phenomenon, it is essential that all the nodes retain maximum energy and assists in forwarding
non-redundant data to the base station. Hence, there are various internal as well as external factors that play a
crucial role in data aggregation process. The internal parameters are routing protocols, battery lifetime,
packet redundancies, security protocols, etc. while the external factors are interference, noise, scattering,
channel fading, etc. In spite of such potential capabilities, wireless sensors suffer from certain issues e.g.
restricted computational capability, less buffer, finite battery life, minimal resource availability. Owing to
such characteristics, the performance of the network is highly affected where the prime causes is energy [3].
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Apart from the issues discussed above, there are certain more prominent issues in wireless sensor
network termed as coverage and connectivity issues, which is the major focus of the present paper. The term
coverage is defined as the optimal sensing and transmission distance required by the sensor node to perform
monitoring the event in a particular location [4]. Sometimes, coverage is also interpreted as criteria to ensure
optimal service quality. The significance of the coverage issue is very prominent and very closely associated
with the energy factor [5]. It was seen in many cases that reduction of battery life spontaneously reduces the
coverage area and thereby adversely affect the quality of services. This may not be a big issue in small-scale
network, but possess a challenging issue in large scale network. The second term connectivity is represented
as the capability of the mote to ensure reachability to the sink at the time of data aggregation [6]. Hence,
coverage and connectivity are very closely associated with each other and has potential affect in service
quality, routing, and data aggregation. In case of non-availability of routes (poor connectivity), aggregated
data doesn’t reach sink and give rise to either packet drop or higher delay in the network.

This paper, therefore, studies various prior techniques and discusses the problems that have been
identified from the review of the literature. The paper presents a simple and yet highly effective solution to
address the significant issues of coverage and connectivity in wireless sensor network and ensure optimal
energy preservation along with it. Section 2 discusses the prior research techniques followed by problem
identification in Section 3. Section 4 discusses the proposed model, and Section 5 discusses about the
implementation and result discussion. Finally, concluding remarks are being made in Section 6.

2. RELATED WORK

In the past decade, there has been enough work carried out towards mitigating connectivity and
coverage issues in wireless sensor network. Our prior work [7] has already discussed couple of prior research
attempts and excavated the research gap. This section discusses some more significant studies that have been
investigated and studied to explore the better possibilities of coverage and connectivity in wireless sensor
network. Zaidi et al. [8] have presented a framework where the author has adopted cost-based metrics to
ensure efficient coverage in wireless sensor network. The authors have adopted two-dimensional
deterministic based technique for the deployment as well as in random based deployment too. The outcome
of the system was evaluated with respect to performance parameters e.g. probability of coverage in both one
and two-dimensional area. However, the outcome was not found to be benchmarked. Agarwal et al. also
continued discussion of efficiency in coverage and connectivity. [9] considering the problems of surveillance
system. The author has adopted significant randomized technique using greedy technique where the
simulation work is carried out using Monte Carlo approach for addressing the uniform coverage issues under
finite sensing radius framework. The evaluation of the outcome was validated using gathered covered area
without any comparative performance evaluation. The coverage factor was verified for Monte Carlo and
Greedy techniques only. Similar line of research work was carried out by Bulut et al. [10] investigating the
redundancy issues in coverage factor of wireless sensor network. The authors have adopted graph theory
where the connectivity of the neighbor graph was the prime focus of the study. By adopting scheduling
technique, the outcome of the study was evaluated using number of the active sensor nodes with specific QoS
value without any performance comparative analysis. Beaudaux et al. [11] have investigated on k-Coverage
problems in wireless sensor network. With an aid of layer-based localized algorithm, the framework provides
enhanced capability with restricted routes with redundancies. The outcome of the system was evaluated using
number of active nodes on WSNet simulator and was found not to be benchmarked. Wang et al. [12] have
studied the coverage issues considering a unique application of sandstorm monitoring. The outcome of the
study was evaluated using node density on the transmission range on various channel types. However, the
outcome of the study was not found benchmarked. Kranakis et al. [13] have introduced a model to provide
better range of the directional antenna on multiple hops. With an aid of performance parameters e.g. hop
stretch factor, the outcome of the study was evaluated without any performance comparative analysis with
other significant protocols. Stergiopoulos et al. [14] investigated on the coordination issues owing to the
mobility of sensor nodes under constraints of RF communication in wireless sensor network. The authors
have proposed a control technique to ensure optimal connectivity of the network, where the outcomes were
evaluated using coverage performance factor on multiple samples. The outcome of the study still misses the
benchmarking. Similar direction of the study considering mobility was also seen the work of Erdelj et al.
[15]. However, this study was evaluated using percentage covering time as the performance factor in both
circular and random route approach. Ren et al. [16] have formulated a maximization issue for coverage
enhancement considering quality and connectivity as two essential parameters. Uniquely, the study also
discusses with forecasting of energy fluctuation and outcomes were evaluated using coverage quality in both
centralized and decentralized algorithms. Emphasis on energy efficient along with addressing coverage and
connectivity issues was also seen in the work done by Noori and Rafeh [17]. The outcome of the study was
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evaluated with number of active nodes and coverage rate on NS2 simulator and compared with OGDC
(Optimal Geographical Density Control) protocol [18]. Taymouri and Kangavan [19] have focused on the
computational complexity of the investigating the connectivity tolerance in wireless sensor network. The
authors have adopted both graph theory as well as mining techniques and tested on multiple distribution
testbed. The outcome of the study was evaluated using connectivity tolerance. Hence, it can be seen that there
are some potential studies being done considering the issues of coverage and connectivity, but a closer look
at the prior work shows that much work is emphasized on coverage issues as compared to connectivity
issues, and focus was much less towards achieving energy efficiencies. Very few studies in the past are found
to be benchmarked, which is another research gap for which reason, it becomes difficult to access the quality
of the techniques being discussed. Also, it was found that algorithm complexity is less concentrated when the
techniques are discussed with respect to the performance parameters. Hence, all the above issues are point of
focus in the implementation of the proposed model in next section.

3. PROBLEM IDENTIFICATION

The problems that are being identified after reviewing the solutions offered in existing system are discussed

as follows:

o Few Benchmarked Studies: There are very few benchmarked studies in this problem. It is essential to
understand that any solution towards coverage and connectivity should also ensure optimal energy
preservation. One means to accomplish this to perform comparative analysis of prior solution to any
energy efficient protocols in wireless sensor network. It has been seen that LEACH and its variants
offers optimal energy efficiency in wireless network [20]. Surprisingly, very few studies toward
coverage and connectivity are found to be compared with LEACH.

e Broader Schemes of Energy Efficiency: It was found that there are multiple techniques for conserving
energy e.g. implementing sleep scheduling algorithm [21], selection of cluster heads [22], energy
efficient routing schemes [23], minimizing data redundancies [24], etc. However, very few of such
techniques were found to be closely associated with addressing coverage and connectivity issues in
wireless sensor network.

e Impractical Assumption: Majority of the prior studies in addressing coverage issues have assumed the
sensing capability to lie within the sensing area as deterministic [25], which is quite an impractical
assumption as it is not possible for a sensor to explore all the sensor range of other sensors in case of
large scale network. Also, there are many studies like [26] [27] that have emphasized on cluster head to
ensure energy efficiency. However, such schemes have an added flaw as if the cluster head stops
working for any particular reason (security, circuitry failure) the connectivity to the other sensor nodes
are drastically lost leading to partitioning problems in large-scale sparse network.

4. PROPOSED SYSTEM

The prime aim of the proposed system is to present a cost efficient scheme to ensure optimal
coverage and connectivity along with energy conservation in wireless sensor network. The case study of the
proposed system is experimented with the example of massive data aggregation phenomenon where the
formulation is done to ensure that time required for performing data aggregation is not much extensive along
with retention of optimal service quality. Table 1 highlights the notation used in empirical discussion of the
proposed system.

Table 1. List of Notation Used

Notation Meaning Notation Meaning

n No. of Nodes Sk Sensing Radius

Tr Transmitting Radius (c,d) ¢ & dare 1* and 2™ position of the node
Ts Transmittance state Og Off State

Ssrs Sense/receive state Sp Probability of States

c Anticipated energy used by sensing node SIMurea Simulation Area

Sorr Sensing states in off mode Si Sensing state in i" mode

Chuin Minimal Coverage 0 Probability of successful transmission
) Probability to be retained in Ts Nip Node ID

Nies eng Node with residual energy information Aimin Minimum distance

Ninember Member nodes

The proposed system models the wireless sensor network into multiple single layered clusters of
same sensor nodes of multiple sizes. It was done to facilitate cluster-based communication with the sink in a
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faster manner. Considering this tree-based structure, a communication model is built with specific number of
clusters if the network is found to have 7 sensor nodes, where 7 is always greater than the maximum number
of nodes in a particular cluster. The system also considers that # sensor nodes are structurally approximated
by locus that are independently and uniformly distributed in a single shape, Ssrs=[0,1]x[0,1], where the
opposite edges are basically identified. The proposed system adopts the shape of the torus to prevent
redundancies owing to edge effects.

4.1. Addressing Coverage Issues:

The coverage issues of the wireless sensor network are mitigated by considering the states of the
WSN system. We consider the system has equilibrated to its steady state, and every sensor node is treated as
independent of the first order with state probabilities represented by Sp. Consider Sy is the sensing radius and
Tr be the transmitting radius. The coverage model considers that a point ceTs is said to be covered if there is
at least one sensor node in the region with sensing state within Sg which will identify the event is occurring at
point ¢. Hence, using geometrical approach in the state-based topology, the sensing probability of the
particular sensor node can be represented as 7Sr>Sp. Therefore, the probability that no sensor node can sense
an event at position ¢ can be represented as (1- nSstp)”, Therefore, (1- nSR2Sp)” can be said to be the
probability that region c¢ is not have coverage. Hence, using probability theory, the coverage function can be
represented as:

f() ={

1 ¢ is not covered}

0 ¢ is covered (1)
Hence, mathematical representation of probability that the position x is not covered can be represented as
P[f(c)=1]=(1- ©Sg’Sp)". The eq.(1) highlights the probability function f{c) that is represented by the
conditional criteria for representing covered or uncovered region of wireless sensor network. Therefore, the
mathematical representation of the area (SIM,,) is not covered up can be depicted as,

SIM,,,, = [ de.f(c)

and so E[A]=]dc. P[f(c)=1]=(1- nSg’Sp)", where E[SIM,.,] is expected area that is not covered up. Similarly,
mathematical representation of the expected area that is not covered up is 1-E[SIM,.,]=1-(1- nSRZSp)”‘
Hence, the proposed system can easily evaluate the covered area as well as uncovered area in transmission
zone in wireless sensor network and can take necessary action. It can also be said that 1-E[SIM,,]=1-(1-
nSr’Sp)" is going to be the problem space in our study, which is the area that is not covered up and calls for
implementing certain techniques to ensure optimal coverage. Considering the fact in this case as log(1-¢)<-c
for c<1, will provide the scheme as, tSg*Sp=0(1)/n. Then the condition for anticipated coverage is given by,

1-(1- o()M)">1-¢°™, where o(n)Mm<1

After assigning the function of coverage and its probability, the area is computed that doesn’t come
under the coverage area. For the easiness in computation, the expected area to be covered up is computed that
will furnish the better probability of the coverage area considered for the study. Thus, as long as
o(n)~>a(infinity), the expected coverage approaches 1. o(1]) can be mapped as the anticipated power used by
the sensing nodes. For the purpose of optimization, the proposed system will adopt a technique that will use
probability theory for exhibiting the fact that an arbitrary variable will have positive probability of being
positive (Second Order Moment). It will also compute variance of area A for which the system should meet
the condition of expected area as E[SIM,,]*. The system also considers average field approximation that the
sensor nodes are behaving independently in the simulation area in the presence of neighbor nodes.

4.2. Addressing Connectivity Issues:

The proposed system considers possibility of two ideas for ensuring optimal connectivity in the
sensor network, as Figure 1. The first idea focuses on the topology of the graph connectivity to be extracted
from the availability of the sensor nodes in the network. The second factor proposes more hard condition
considering contention issues in network. The proposed system adopts heuristic for mitigating the problems
of contention issues in wireless sensor network for ensuring better connectivity solutions. The target of the
connectivity can be discussed as follows: Consider an event has occurred in position ¢, where ceTs. The
communication model will attempt to broadcast this event to next position d, where deTg. Therefore, the
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event message is transmitted from one to another node in multiple positions. The design principle of the
proposed study is formulated in such a way that it should support the multi-hop communication system in
wireless sensor network. Hence, along with addressing the coverage and connectivity issues, the proposed
system also ensure selection of cluster head in the same process. One of the advantages of this process is that
the optimal selection of cluster head ensures energy efficient routing in data aggregation process as well as it
also ensures optimal connectivity among the cluster.

Figure 1. Scenario of coverage and connectivity

The solution to address the connectivity problems in proposed system consists of formulating
certain optimal conditions to ensure more robust connectivity among the clusters. The formulation initiates
with the fact that source node (in c-position) will be transmitting to the destination node (in d-position) if

there is a presence of multiple hopes in the receiving state at the location s,, sy, . . . ,Sg such that:
e Py: It is the first condition of the path setting where |c-sorr|<Sr(c can be sensed ;)
e P, itis a second condition of the path setting where |s;-s;.1|<Tr for i=1. . . . K, hence, the event can

be transmitted from s;; to s;, and it will be received since s; is in the receiving state.

e  P;: Itis the second condition of the path setting where [sx-d|<Ty (sx can transmit to d)

Hence, the proposed system supports connectivity for multiple hop (k) network. The system
considers condition for minimal connectivity if, for any node x to node y, there is always existence of at least
one edge between them. This solution although mitigates minimal connectivity issues but doesn’t mitigate
issues related to contention. Hence, it is necessary to formulate a condition for contentionless connectivity for
which purpose the proposed system has to ensure that when the node communicates with other node, there
should be assurance that the destination node lies within the sensing state, and no other sensor nodes within
the neighborhood of destination node should try to perform transmission. If this condition of contention less
connectivity is met, redundancies can be controlled which will indirectly influence the energy conservation
positively (less redundancies—=>less retransmission=>energy conservation). Along with connectivity, the
proposed system ensures that sensing nodes will require being within coverage area with respect to Sg. In
order to ensure the optimal connectivity, sensing nodes should be covered up in the area with respect to Ty as
well. Therefore, condition of minimum coverage can be represented as C,,;;=min{Sg, Tg}.

5. IMPLEMENTATION & RESULT

The proposed system is implemented on 32-bit Windows OS with 1.84 GHz (min) processor speed,
and programming platform is considered in Matlab. The prime purpose of the proposed system is to enhance
the coverage and connectivity issues with optimal energy usage in the area of wireless sensor network. The
simulation is carried out considering 500-1000 sensor nodes. In order to perform this goal, following the
work has been carried out:

e Design of Coverage Enhancement: The implementation for enhancing coverage issue is carried out in
dual steps where the first step provides alteration and the second step provides coverage. The first stage
evaluates the entire transmission as well as sensing area of a specific sensor node until it converges to a
target point. This stage initiates by converting a bigger sensing zone in WSN to modular sensing zone
for easiness in computation and extracts various information (residual energy) at the cross-section of its
neighbor transmission area which its intersects, so that it can be treated as target in the next consecutive
step of coverage enhancement. In order to implement this, the proposed system considers random
deployment of sensors in the simulation area of homogenous WSN SIM,,.,, which is wholly covered.
The proposed algorithm is executed by all the modular sub-regions of SIM,., Let x is a transmission
area of radius Rad and let another wireless sensor node y be positioned within the range of x and is
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denoted by y € node(x). If the distance between the target Tar in the region and x is less than Rad, that is
the distance (7ar, x)<Rad, Tar is covered by x. Let, another node z be positioned in the communication
range Commy of x and is represented as z € node(x). The condition proposed here is that of the Euclidian
distance between x and z is less than CommR, then they can communicate with each other. The system
also assumes that in order to ensure connectivity of the network, the Commy of each sensor node must
not be smaller than double of its sensing radius Rad.

o Design of Connectivity Enhancement: The enhancement of the connectivity in the proposed system is
performed by considering number of set of sensor nodes encapsulating the targets. The implementation
of coverage part allocates a cost for every sensor node that illustrates the there are number of targets in
the simulation area that needs to be connected to each other. The formulation of the weight considers
parameters like residual energy and number of non-encapsulated targets. When choosing a sensor node
for a cover set, previous stage signifies on its coverage contribution, that is to say, selecting the one
covering as many targets uncovered as possible in this phase, while this phase of design of connectivity
considers the tradeoff between power and coverage contribution.

e  Power Optimization: The proposed system initially implements a fixed point iteration algorithm to find
the stable state probabilities. In addition, the stable state probabilities will depend on —i) the number of
nodes in the network, ii) the transmission and sensing radius and iii) the probability of sensing an event,
which is an external parameter that depends on the event density. We obtain the steady state by
simulating the proposed model to a defined range of simulation rounds and when the node depletes the
power.

The proposed system is designed using two algorithms i.e. i) algorithm for energy efficient coverage and

connectivity and ii) algorithm to reduce the overhead. The discussions of the formulated algorithms are as

follows:

Algorithm for Energy Efficient Coverage and Connectivity
Input: Nodes (1), Transmission range (Tx), Energy (E)
Output: minimum coverage with energy preservation

Start

1. Define simulation parameters 1, Tx, E.

2. Formulate probability function for coverage

1 ¢ is not covered
fle)=

. Computed covered arca
RSRZSP
. Compute Uncovered area
(1- nSg’Sp)’
. Apply Condition for anticipated coverage
1-(1- o()/M)">1-¢°™, where o(1)/M<1
. Apply Condition of connectivity
|c-SorF|<Sr
Isi-si-1]<Tr
|SK-d|§TR
. Define three state metric of energy E,, Es, Er.
8. Compute anticipated energy depletion in steady state:
E= (E,0,tEsostEr. o1.)// 0, Os orare anticipated energy in T,, Os, and Sggs.
9. Define transmission probability:
0=0,/(1-6+80,)
10. Apply minimization function
argmin(E,p,+EspstEr.pr)
11. Evaluate the minimum coverage
r=min{r, rr}

0 c is covered

w

N

W

[*))

J

End

In the above algorithm, 0 is the probability of successful data packet transmission, and 0; can be represented
as probability of the initial successful data transmission attempt. & is the assumption of probability to be
retained in the transmission state. As discussed in the previous section that the proposed system perform
selection of cluster head for optimizing the energy by reducing the overhead owing to contention. The

IJECE Vol. 5, No. 3, June 2015 : 454 — 463



IJECE ISSN: 2088-8708 a 460

optimization is done by estimating the overhead of energy consumed by the communication module with
following steps e.g.
Algorithm for reducing overhead
Input NID: TR, SIMareaa Nres_eng~
Output: Unique fusing of data packets with less energy
Steps:
Start
1 Initialize simulation area;
2 Initialize Tree [Fr:{Nip, Tx range> Sinkyy}1;
3 Estimate Sink-location:
Sink.=Area+Bgy  Sink,=Area+B
4 Initialize Neighborhood density (ND,,,,=N-1).
5 Perform Energy based sorting of nodes

Nres_engly Nres_engZ: ~~~~~~~ Nres_engn
6 Select the first k elements in the set as the CHS of networks.

K:{CHI, CH2, CH3, CH4, CH5}
7 Select member node with minimum distance
I\Imember9 dmin
8. Compute location of CH
9. Calculate the distance from all other nodes
10. Decide the number of member for every cluster head, and
Cardinal (Nmember node)eCH
11. Perform communication to respective cluster head.
End

The proposed system is implemented in Matlab considering the case study of multiple cycles of
coverage and connectivity problems. Each of the event nodes can generate an event with a certain firing
probability. The firing probability is related to the user input sensing the probability.

It can be seen from the results that its transceiver module consumes most of the energy in a wireless
sensor node. The objective of a network is to extend the coverage and connectivity mechanism from all of its
sensor nodes. Each sensor node was initialized by a random residual energy level. A network was assessed
based on its packet delivery ratio (Figure 1) and total power consumption (Figure 2) and the duration of an
attempt to increase connectivity.

45 T T T T T T T

e Proposed S
—p— | EACH

40

35

30

Packet Delivery Ratio

25

20

15 F

g i i i i i i I 1
200 400 600 800 1000 1200 1400 1500 2000

Number of Sensor Nodes

Figure 2. Packet Delivery Ratio
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To investigate the effect of in-network coverage and connectivity to the performance of a network,
different values of radius were considered in the simulations. For comparison purposes, frequently used
LEACH algorithm [28] is considered. As expected, both packet delivery ratio and total energy optimization
increase with the number of nodes, regardless of radius and network structures. When comparing the total
energy consumed in an attempt to extend the coverage and connectivity process in WSN, the performance of
networks with the proposed network structure is better than those with LEACH. Despite the obvious
advantages of using LEACH protocol for cluster organization, few features are still not supported. LEACH
assumes a homogeneous distribution of sensor nodes in the given area. This scenario is not very realistic.
Another biggest problem with the LEACH algorithm is cluster head selection is done quite randomly for
which reason, the core nodes are very fast depleted of energy. The proposed algorithm does the energy
management using enhancement design for coverage and connectivity. The proposed system also ensures that
while coverage and connectivity are enhanced, it shouldn’t have any negative influence on its energy /
lifetime of the nodes.

It is quite evident from Figure 2 and Figure 3 that the proposed system has successfully derived an
algorithm that can perform energy efficient coverage and connectivity. The proposed system performs
cumulative energy optimization along with enhancement of coverage and connectivity level. Figure4
illustrate the analysis of connectivity level of the proposed system, where it can be seen that proposed system
can maintain smooth ascent in the curve representing spontancous data transmission process. Hence, the
connectivity level is found with maximum ascent along with energy efficiency for proposed system as
compared to the LEACH algorithm

= Proposed
=+=LEACH

—+— Proposed
—s— | EACH

g

Total Energy Optimization

Connectivity Level
g8 8

200 400 600 800 1000 1200 1400 1500 2000 i i i
Number of Sensor Nodes

fi W a0 100
Time (Sec)

Figure 3. Total Energy Optimization Figure 4. Analysis of Connectivity Level

Figure 5 represents the analysis of the coverage level, where it can be seen that proposed system is
found with maximum coverage level as compared to LEACH algorithm.

== Proposed
—s—LEACH

i

Coverage Level
Energy Depletion per packet (mJ)

1 - - i - = 200 400 a0 0 100 1200 1400 1500
0 ® 0 [ ] 3 0 75 ]
Time (sec) Mumber of Sensor Nodes

Figure 5. Analysis of Coverage Level Figure 6. Analysis of Energy Depletion per packet (mJ)
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Figure 6 represents the analysis of the energy consumption per packet (mJ). Interestingly, the
proposed system extends the coverage and connectivity level along with energy optimization and is found to
be of superior design (with respect to energy) compared to LEACH protocol. Figure 6 is a micro level
analysis for Figure 3, where the framework cumulatively ensures better strategies for enhancing issues
pertaining to coverage and connectivity. Hence, the proposed system offers a simple and efficient coverage
and connectivity solutions for large-scale wireless sensor network.

6. CONCLUSION

The proposed system highlights optimization process that is designed to construct the proposed
network structure, which helps maintaining the total energy consumption at a low level. Simulation results
show by using the proposed model, the packet delivery ratio, and cumulative energy optimization has been
increased. The entire policy of designing enhancement of coverage and connectivity issues in WSN is based
on a probabilistic approach.The proposed system has used an enhancement policy that targets to preserve
cumulative energy consumption and addresses extending connectivity too by a probabilistic method of
turning off all the redundant sensor nodes
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