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Abstract— Wireless sensor network (WSN) models have 

been employed in recent years for monitoring purposes in 

different field from engineering industry to our home 

environment due to their ability to intelligently monitor 

remote locations. In this paper, we present a demand-based 

coverage in wireless sensor network and connectivity using 

efficient algorithms. The protocol reduces the energy 

consumption by assigning the minimum required sensing 

range to the sensors and using a scheduling protocol to 

periodically turn of the sensors node in a styled manner and 

route optimization with an energy efficient technique for the 

demand based coverage. Our Simulation result shows a better 

performance with respect to energy consumption, which is 

reflected in the network lifetime in both homogeneous and 

heterogeneous settings when compared with the existing 

protocols. It is worthy that our approach approximates an 

ideal solution for balanced energy consumption and full 

connectivity as per demand in hierarchical wireless sensor 

networks.  
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I. INTRODUCTION 

Wireless sensor networks (WSN) are spatially, although 

functioning "motes" of genuine microscopic dimensions yet 

to be created. The cost of sensor nodes is similarly variable, 

ranging from a few to hundreds of dollars; vary as per kind of 

the sensor nodes. Size and cost restrictions on sensor nodes 

result in corresponding constraints on resources such as 

memory, energy,  clock cycle and Distributed  sensors to 

monitor physical or environmental condition as  sound, 

temperature, pressure, etc. and assist to pass their data 

through the network to a  correct position. The more modern 

networks are bi-directional, also enabling control of sensor 

activity. The development of WSN was motivated by military 

applications such as battlefield surveillance; today such 

networks are used in many industrial and consumer 

applications, such as industrial process monitoring and 

control, machine health monitoring, and so on. The WSN is 

built of "nodes" – from a few to several hundreds or even 

thousands, where each node is connected to one (or 

occasionally several) sensors. Each such sensor network node 

has typically several parts: a radio transceiver with an internal 

antenna or connection to an external antenna, a 

microcontroller, an electronic circuit for interfacing with the 

sensors and an energy source, usually a battery or an 

embedded form of energy harvesting. A sensor node might 

vary in size from that of a shoebox down to the size of a grain 

of dust bandwidth. The topology of the WSNs can vary from 

a simple star network to an advanced multi-hop wireless mesh 

network. The propagation technique between the hops of the 

network can be routing or flooding. In Information 

technology and communication there are four basic 

components in a sensor network: (1) an assembly of 

distributed/localized sensors; (2) an interconnect network 

(usually, but not always, wireless-based); (3) clustering; and 

(4) a set of computing resources at the central point (or 

beyond) to handle data correlation, status querying, event 

trending, and data mining. The sensing and computational 

nodes are considered to be part of the sensor network; in fact, 

some of the computing may be done in the network itself. 

Because of the potentially large quantity of data collected, 

Method of algorithm for data management play an important 

role in WSN. The computation and communication 

infrastructure associated with sensor networks is often 

specific to this environment and rooted in the device and 

application-based nature of these networks. For example, 

unlike most other settings, processing of network is essential 

in wireless sensor networks; furthermore, node power or 

battery span) is a key design to be considered. The 

information collected is typically parametric in nature, 

 

Fig. 1: WSN Network 

II. BACKGROUND 

Generally, clustering algorithms segment a network into non 

overlapping clusters comprising a CH each. Non-CH nodes 

transmit sensed data to CHs, where the sensed data can be 

aggregated as these signals can be sufficiently correlated due 

to the nodes’ spatial proximity, and transmitted to BS. 

Hierarchical routing protocols show significant reduction in 

the overall network energy over other non-clustering 

protocol. Clustering is optimal in the sense that energy 

consumption is well distributed over all sensors and the total 

energy consumption is minimal. LEACH forms clusters by 

using a distributed algorithm, where nodes make autonomous 

decisions without any centralized control. Initially a node 

decides to be a CH with a probability p and broadcasts its 

decision. Each non-CH node determines its cluster by 

choosing the CH that can be reached using the least 

communication energy. The role of being a CH is rotated 

periodically among the nodes of the cluster in order to 

balance the load. The rotation is performed by getting each 
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sensor, s, to choose a random number T between 0 and 1. A 

node becomes a CH for the current rotation round if the 

number is less than the following threshold: 

T(s) =p/1 − p × (r mod1/p) 

                                                                               if s ∈G 

0 otherwise 

Where p is the desired percentage of CH nodes in 

the sensor population, r is the current round number, and G is 

the set of nodes that have not been CHs in the last 1/p rounds. 

While LEACH-type schemes assume homogeneous WSNs, 

Stable Election Protocol (SEP) maintains hierarchical routing 

in heterogeneous sensor networks where a percentage of the 

sensor population is equipped with more energy than the rest 

of the normal sensors in the same network. These advanced 

nodes create heterogeneity in term of node energy. In SEP, 

the election probabilities are weighted by the initial energy of 

a node relative to that of other nodes in the network. This 

prolongs the time interval before the death of the first node 

(stability period), which is crucial for many applications 

where the feedback from the sensor network must be reliable. 

Suppose that E0 is the initial energy of each normal sensor. 

The energy of each advanced node is then E0(1 + α). If the 

fraction of advanced nodes is m and the additional energy 

factor between advanced and normal nodes is ˛, then: 

pnrm = p/(1 + α ×m) 

Hence, in SEP, the threshold in (1) is replaced by the 

threshold for normal sensors, T(snrm), and the threshold  for 

advanced nodes T(sadv) as follows [20]: 

T (snrm) =pnrm/1 − pnrm × (r mod1/pnrm)           

                                                                     If snrm ∈G_ 

                                                                      0 otherwise 

T(sadv) =padv/1 − padv × (r mod1/padv)                     

                                                                       if sadv ∈G__ 

                                                                       0 otherwise 

Where r is the current round, G_ is the set of normal 

nodes that have not become cluster heads within the last 

1/pnrm rounds of the epoch, and T(snrm) is the threshold 

applied to a population of n x(1−m) normal nodes. This 

guarantees that each normal node will become a cluster head 

exactly once every 1/p x(1 +˛x m) rounds and that the average 

number of cluster heads that are normal nodes per round is 

equal to n x(1−m) x pnrm. Similarly, G__ is the set of 

advanced nodes that have not become cluster heads within the 

last 1/padv rounds of the epoch, and T(sadv) is the threshold 

applied to a population of n x m advanced nodes. This 

guarantees that each advanced node will become a cluster 

head exactly once every ((1)/ (p) ×((1 +˛×m)) / (1 +˛)))) 

rounds. Clustering a network to minimize the total energy 

consumptions an NP-hard . For a given network topology, it 

is difficult to find the optimal number of CH nodes and their 

locations. 

For n sensor nodes, there is 2N −1 different 

combination of 

Solutions, where in each solution, a sensor node is either 

elected as CH or non-CH. Solutions to NP-hard problems 

involve searches through vast spaces of possible solutions. 

Evolutionary algorithms have been applied successfully to a 

variety of NP-hard problems. In the context of clustered 

routing in WSN, several EA approaches exist in the literature. 

 
Fig. 2: Distributed Environment 

III. PROPOSED METHOD 

A WSN involves two different topology issues: the desired 

coverage maintenance and the network connectivity 

maintenance. This paper considers coverage and connectivity 

maintenances separately by different mechanisms. The 

coverage maintenance finds a simple condition on the sensing 

ranges of the sensors for achieving a desired coverage ratio 

of the FoI. The connectivity maintenance decides the 

ON/OFF state of the communication radios of the sensors. 

The network lifetime is divided into rounds to balance the 

energy consumption of the sensors. Each round consists of 

two phases, i.e., decision phase and working phase. At the 

beginning of a round, all sensors come in active mode to 

participate in the decision phase of the next round and transfer 

the sensory data to the sink. The duration of each round is 

chosen such that it is longer than the decision. In the decision 

phase, the sensors are set to a new sensing range, which is 

sufficient to provide the desired coverage ratio of the FoI. 

After assigning the sensing range, all sensors participate in 

the connectivity maintenance phase. If a sensor is a backbone 

sensor or a relay sensor, the communication radio of the 

sensor turns ON. The communication radios of the rest of the 

sensors (neither backbone nor relay sensors) put OFF to 

conserve energy.. Here, we present a DBCCR protocol in a 

WSN, which dynamically changes the coverage ratio and 

routing path according to the user requirements. The coverage 

maintenance provides the network event detection capability. 

On the other hand, assigning the minimal sensing range of 

sensors for achieving a desired coverage ratio of the FoI can 

minimize the energy consumption. We induce a minimal 

connected dominating set to form a connected backbone in 

the network to maintain network connectivity. Every 

deployed sensor is either a backbone sensor or a one-hop 

connected sensor to a backbone sensor. The communication 

radios of the connected backbone sensors are turned ON. 

When there is a bulk data transfer (i.e., the duration of data 

transfer is more than the current round) 

A. Cluster Head 

It involves grouping of sensor nodes into clusters and electing 

cluster heads (CHs) for all the clusters. CHs collect the data 

from respective cluster's nodes and forward the aggregated 

data to base station. A major challenge in WSNs is to select 

appropriate cluster head. Cluster head is purely chosen on the 

basis of energy. 
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B. Residual Energy 

These energy sources are typically not visible to the naked 

eye, but oftentimes cause the most injuries or fatalities in the 

workplace. The reason residual energy is so dangerous is due 

to the failure of workers dissipating this energy. 

C. Routing Protocols 

Routing in WSN differs from routing mechanisms in ordinary 

computer networks: in terms of infrastructure, reliability and 

energy constraints. Considering the energy constraint in 

sensor nodes many routing protocols and power management 

protocols are designed. Routing protocols in WSN have been 

divided in various ways: location based, multi-hop, 

hierarchical etc. However these protocols can be further 

classified as QOS base, multi-path, query, etc. Each routing 

protocol has its own advantages and performance issues. 

D. Active Node 

The active node is designated node in a clustered environment 

where Net Backup is installed and from which Net Backup 

can push to other nodes in the cluster. The Net Backup 

daemons are running on an active node. The nodes in a high 

availability cluster on which services are running 

E. Transmission Energy 

 
Transmission energy optimization in WSN where messages 

are collected by a mobile receiver. The receiver is responsible 

for gathering data messages by choosing the optimal path that 

minimizes the total energy transmitted at the sensors subject 

to a maximum travel delay constraint. We show both 

analytically and through simulation, that letting the mobile 

collector come closer to sensors with more data to transmit 

leads to significant reduction in energy consumption. Using 

this intuition, we propose an algorithm for choosing both the 

transmission radii and the mobile receiver’s path that 

achieves over improvement of 80% in energy consumption 

compared to schemes that use a fixed communication radius 

for every sensor, and a 99% improvement as compared to the 

case of a stationary base station. 

IV. SIMULATION 

Here, we discuss the results from a simulation study of the 

proposed protocol implemented in the MATLAB 2013 a. We 

use the following setup in all of our experiments, unless 

otherwise specified. Deployment of sensors uniformly at 

random manner in a 50-m-radius. The initial energy of a 

sensor is assumed to be 1 Joule .Nodes are randomly 

distributed which changes their position in every round. 

Receiver and transmitter are chosen randomly for the first 

time.  To evaluate the proposed protocol and compare with 

[6] and [7], we use the following metrics. 

A. Total remaining energy:  

We study the impact of the protocol on the total remaining 

energy of the WSN. For this simulation, the sensing and 

communication ranges are 25 m. The proposed protocol 

consumes energy lesser than compared with that in [6] and 

[7]. This is mainly achieved by minimal sensing range, large 

number of communication radio OFF sensors, and the 

proposed LOC technique. This signifies that large distance 

between the source and the destination does matters in terms 

of energy. In WSNs, the sensors nearer the sink are 

responsible for forwarding data to it on behalf of all the 

sensors nodes in the network. The Protocols (proposed 

DBCCR, [6], and [7]) consume lesser energy when the 

location of the destination is randomly selected. The 

protocols select an energy-efficient path as well as the 

shortest or direct path for routing the sensory data to the sink 

to eliminate the energy sink-hole problem (or for equal 

energy consumption of the sensors nearer the sink) in the 

fixed destination. The sensors nearer the sink are not the same 

in the whole network lifetime when the location of the 

destination is randomly selected and changed after some 

rounds. In this way more energy as well as less time is 

consumed. 

 
Fig. 3: No. Of node deead w.r.t to Round 
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B. Coverage ratio of the FoI:  

Next, we study the impact of the protocol on the lifetime of 

the WSN. We measure the network lifetime with the number 

of rounds of simulation until all the sensors drain their energy. 

For this experiment, the number of rounds for which the 

desired coverage ratio survives is measured. For this 

simulation, the sensing and communication ranges are 250 m. 

Fig. 8 shows the actual coverage ratio obtained for the entire 

duration of the simulation. We observe that the proposed 

protocol survives for longer lifetime when compared with 

that in [6] and [7] since the protocol consumes less energy. 

ratio after 3000 rounds and 4500 rounds (shown by solid 

ellipses) with fixed and random destinations, respectively, 

and keeps on dropping sharply thereafter because the 

majority of sensors had run out of energy. The protocols in 

[6] and [7] also illustrate similar results. 

 
Fig. 4: Accumulated Energy V/S No.of rounds 

C. Partial coverage ratio: 

 Since the aim of [6] and [7] is to solve the complete coverage 

problem with and without clustering, respectively, we 

therefore only provide the simulation results of the proposed 

protocol. We deploy N sensors uniformly at random in a 100 

× 100 m2 square FoI, where N = 100, 150, 200. The location 

of the destination is fixed at the centre of the FoI. Fig. 5 shows 

the variation in the expected coverage ratio of the FoI with 

different values of the sensing range. Fig. 5 also shows .that 

the higher value of the desired coverage ratio requires a larger 

sensing range. 

 
Fig. 5: coverage ratio 

V. CONCLUSION 

This research work explained some optimization methods 

via, clustering schemes that have been employed in 

heterogeneous WSNs to improve the efficiency of energy in 

a hierarchically clustered network. We enhance the 

Deterministic energy clustering by using multi-level 

hierarchy.. We have proposed a routing optimization with 

cluster head selection technique purely on the basis of 

residual energy to reduce the energy expenditure. We 

validated our work and simulated the proposed protocol for 

different network scenarios. We examined that the proposed 

work prolongs the lifetime of the network without 

compromising the desired coverage and connectivity. It 

would be phenomenal to study the coverage and connectivity 

by optimizing energy along with the data gathering problem 

for Wireless sensor network and, particularly, the demand 

based WSN. 
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