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Abstract
Objectives: To eliminate hot spot problem and achieve uniform load distribution among many cluster heads (CHs), we 
propose a cluster based reactive (CBR) algorithm with threshold based data transmission. Methods/Statistical Analysis: 
This study achieves innovation through the incorporation to two phases namely cluster head selection using the vote-based 
measure as well as transmission power of sensor nodes and reactive data transmission. In reactive data transmission, the 
sensor node sends data only while the sensed value exceeds the threshold value. Findings: A series of experiments are 
carried out to validate the goodness of the CBR algorithm in terms of energy utilization and network lifetime. From the 
experimental results, it is absolute that network lifetime of the proposed method is increased by 55.72% and the energy 
consumption is reduced to 50% when compared to LEACH. Application/Improvements: The proposed method can be 
implemented in real time WSN. 
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1.  Introduction
A Wireless Sensor Network (WSN) includes a group of 
little sized, low energy sensor nodes with the ability to 
detect and transmit the physical phenomenon to base 
station (BS)1. It finds useful in various areas like border 
surveillance, power plants, industries, environmental 
monitoring, industrial automation and so on2. In con-
trast to conventional wired systems, the deployment cost 
of WSN is very low. Further, the WSN has the capability 
for adapting with the varying environmental conditions3. 
The sensing field can be the physical environment, build-
ings otherwise an information technology structure. The 
sensor node includes four main components namely 
sensor module, processor module, power supply and 
communication module. The sensor module converts the 
sensed data to electrical form where each node forwards 
the sensed data to BS through intermediate sensor nodes.

As sensor nodes operate only on the inbuilt battery 
power, it might be employed in hazardous or difficult 
environments; it is very hard or not possible for recharging  

or replacing the power supply4. So, clustering and rout-
ing protocols are needed to enhance the lifetime of 
WSN. The lifetime of WSN may be able to be described 
as Half Node Die (HND), First Node Dies (FND), Last 
Node Dies (LND), and so on. But, the proper explana-
tion of network lifetime is mainly depending upon the 
application description. For instance, FND can be rep-
resented as lifetime for some of the critical applications 
like healthcare monitoring, where the depletion of the 
energy of a sensor node may leads to serious effects. 
In the other way, the depletion of energy of the sensor 
nodes that reside in the non-critical application, the life-
time is defined as a particular number of nodes remain 
alive5. In WSNs, routing is a difficult task since it is 
connected to different features of WSN which makes it 
different from conventional communication networks, 
For example, ad hoc networks. Firstly, it is not prob-
able to use a global addressing method while deploying 
nodes. Next, contrastingly to conventional communica-
tion models, every WSN application needs the course of 
sensed information out off many nodes to a specific BS.  
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Thirdly, many nodes may acquire identical data in the 
nearby region which leads to high data redundancy. 
These redundant data have to be used through the 
routing protocol to effectively utilize the bandwidth as 
well as energy efficiency. Then, the sensor nodes are 
mainly controlled on transmission power, battery and 
bandwidth. So, there is a node to use better routing to 
enhance the available energy utilization.

Several studies proved that the energy utilization is 
mainly minimized by the use of clustering mechanisms. 
So, different energy efficient clustering algorithms have 
been presented6,7. Clustering techniques groups the 
nearby nodes into clusters based on some criteria and 

leader known as cluster head (CH) would be selected in 
a cluster. The CH is solely responsible for the particular 
cluster and the remaining nodes will be termed as clus-
ter members. Though several measures in the literature 
involved the energy consumption criteria, the major 
drawback lies in the fact of high data redundancy along 
with the problem of hot spot issue. Hot spot issue refers 
the faster energy depletion of CHs located closer to the BS 
compared to other CHs. To resolve this problem, unequal 
clustering schemes were introduced, which constructs 
small clusters near to BS and large clusters far from BS. 
The overall unequal clustering model is depicted in 
Figure 1.

Figure 1.  Structural design of unequal clustering in WSN.

To overcome the above mentioned problems, this 
paper presents a cluster based reactive (CBR) algorithm 
using unequal clustering mechanism and threshold based 
data transmission. This paper incorporates two main 
phases: (i) Unequal clustering using vote based measure 
as well as transmission power of sensor nodes and (ii) 
Reactive data transmission. In reactive data transmission, 
the sensor node sends data only when the sensed value 
exceeds the threshold value. This reactive manner elimi-
nates the data redundancy as well as the amount of data 
transmission. The simulations were performed to high-
light the advantages of the CBR algorithm to enhance the 

network lifetime with reduced energy consumption as 
shown in Table 1. 

Table 1.  Network lifetime

Parameter LEACH CBR algorithm

First Node Die 812 1334

Tenth Node Die 901 1477

Last Node Die 1421 3054
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2.  Literature Survey
LEACH, being a popular and foremost clustering algo-
rithm, is widely used in periodical gathering of data 
applications in WSNs. The nodes selection itself as CH 
by means of little possibility. This selection of possibil-
ity to become of CH depends on the consideration which 
every sensor nodes initiates with similar quantity of 
energy; in addition to that every node will send data in 
its time frame. When the nodes with variant quantity of 
energy, the node need high energy needs to become CH 
than nodes with low energy, to verify which all the nodes 
depletes its energy at the similar instance.

In HEED8, every sensor node has the possibility to 
become CH depend on the residual energy. The sensor 
which has not been under any CHs with twice fold pos-
sibility to become CH. The sensor selects the node as CH 
with typical lowest reach-ability power (AMRP) while it 
is inside the cluster radius of many CHs. In similar way 
as LEACH, every sensor node would communicate to its 
respective CH and the CHs transmit the aggregated data 
to BS through multihop communication. 

In9 presented a general weight-based clustering 
technique which integrates every sensor in the midst of 
some weights. In WCA, the weight is computed using 
some local information about the sensors like transmis-
sion power, degree of the node, mobility as well as level 
of battery of sensor node. The CHs are chosen from the 
nodes with less weight compared to their nearby nodes. 
This algorithm employs single hop communication in 
which every node straightly transmit the data to the CH. 
In UCS10, the foremost unequal clustering strategy is pre-
sented for uniform load distribution among the CHs. The 
BS is placed at the middle of the target region and it gath-
ers data from WSN. The location of CHs are fixed earlier, 
with all CHs are sorted in the form of concentric circles 
in the region of the BS. Each cluster is comprised of nodes 
in the Voronoi area approximately the CH. The sensed 
value of each and every sensor in the clusters is gathered 
on the CH that does aggregation of data and broadcast 
the data towards the BS. In EEUC11, an energy efficient 
Unequal-Clustering protocol for periodic applications 
of data gathering. Through the use of unequal cluster-
ing along with multihop communication, the nodes are 
properly organized to clusters. EEUC be a competitive 

algorithm, wherever CHs be chosen by partly opposition 
and the intermediate node with high remaining energy 
to forward the data. WCA algorithm employs voting 
scheme to elect CH in UCRA. In12 the cluster setup phase, 
the nodes exchanges information to compute vote and it 
select the node with maximum vote will be considered 
as CH. The CH broadcasts the control messages to inti-
mate remaining nodes. The CHs broadcasts the manages 
messages to notify additional nodes. The left nodes select 
the most excellent CH to connect based on the fitness. 
This process undergoes iterations till every node goes  
under a CH. 

3.  Proposed Algorithm
The overall structure of unequal clustering routing is 
demonstrated in Figure 2 that the unequal size circles 
denote the unequal size clusters and the technique of 
multi-hop forwarding is demonstrated through traffic 
between CH. The parameters are given in Figure 2. The 
maximum competition radius is denoted through Rmax 
that is predefined, d0denote the every sensor node radia-
tion radius, dmin and dmax demonstrate the minimum 
and maximum distance among the sink and sensor nodes. 

Figure 2.  Cluster construction by CBR algorithm.
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Partitioning of nodes into clusters is known as cluster-
ing. Every cluster comprises of CH and few normal nodes 
as its members. A novel voting based unequal clustering 
scheme for WSN is proposed. During the CH competi-
tion, the CH is elected mainly depends on every node 
weight. Here, the CH is chosen depends on the node’s 
weight. The CHs nearer to BS supports small cluster size 
because of high energy utilization. Consequently, more 
clusters will be produced at the location nearer to BS. In 
other way, it can be represented as; the decrease in dis-
tance to BS enhances the cluster counts as well as reduces 
the size of the cluster. Let Rmax  is the high competition 
radius, which is fixed. A Ri  of node viserves as a function 
of its towards the sink distance:

	 R c
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Rmax  using Equation (2). 

In the cluster construction phase, the sensor under-
goes election process using vote method. The topology, 
remaining energy and transmission energy are three fac-
tors in the selection of CHs. The topology, transmission 
and remaining energy are used to elect CHs. The sensors 
contend with every other while in the clustering stage. 
When a node contains many neighbors, every neighbor-
ing node gets a lesser vote as there exist more candidate 
nodes for this node. Every neighbor provides few votes 
towards a sensor node and sensor with huge neighbor’s 
counts has the tendency to get more number of votes. So, 
for a sensor vi ,  the vote it cast over other sensor v j  is:
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where, from sensor vi  to sensor vk ,  dik refers the dis-
tance and e j  refers the remaining energy level of sensor 
v j .  The vote total of sensor vi is the total of votes from 
the entire voters,
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An advertisement Ai for every node vi ,
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where, distance among vi and any of its nth neighbors is 
referred as dik .  When node comprises none of the neigh-
bors, then the broadcast value will be 1. A node which 
receives an advertisement node from other node knows 
the position of the neighbor. The node with higher 
advertisement will be chosen as CH. To determine the 
announcement rate, the sensor node is required to iden-
tify the neighboring distance and residual energy. It is 
required to broadcast the node id, position and remaining 
energy of the nearby nodes. Hence, each node becomes 
aware of its nearby nodes and the respective distances. On 
the reception of messages, every sensor node updates and 
broadcasts the advertisement to all neighboring nodes. 
The energy utilization of CH is based on the node degree. 
For proper energy distribution, many sensor nodes 
should accommodate under a high energy CH. The fit-
ness function indicates the features of a CH. The sensor 
vi  fitness is represented as:
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e

degree
d
di

i

i ij

= + −α α( )1
10

0 � (5)

where, distance among cluster head i and node j is 
d degreeij i,   is number of neighboring nodes. When a sen-
sor lies in the competition radius of many CHs, it selects 
the CH with maximum fitness value. When the amount 
of residual energy is found to be identical, then the CH 
with high node degree has lower fitness than those with 
few neighbors.

The majority of the reactive protocols broadcast 
information occasionally in a periodical way. It enhances 
the count of data transmission as well as the sensed 
information would be extremely connected. To enhance 
threshold, energy efficiency depends on data transmis-
sion is projected.
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This approach allows the CH transmits the attributes 
to its members and the thresholds are listed below:

Hard Threshold (HT): For the sensed attribute, it is 
a threshold assessment. It is the complete attribute rate 
away from that, the node sensing this assessment should 
control over their transmitter as well as study to the clus-
ter head.

Soft Threshold (ST): It is a little modification in 
sensed attribute rate that trigger the node to knob over 
its transmitter and broadcast. The nodes sense the setting 
constantly. The nodes would subsequently broadcast data 
within the present period of cluster, alone while together 
the subsequent circumstances are true: 

•	 When comparing with the hard threshold, the present 
rate of the sensed attribute is higher.

•	 The present rate of the attribute that is sensed varies 
out off SV through a sum equivalent to or superior 
when compared to the soft threshold. A data can be 
transmitted at any time, SV is locate equivalent to the 
in progress sensed attribute rate.

As a result, the hard threshold minimizes transmissions 
counts through enabling the nodes to broadcast alone 
while the sensed value in the region of significance. The 
soft threshold additionally minimizes count of broadcasts 
through the elimination of data transmissions that may 
contain or else occurred while here is small otherwise no 
modifications in the sensed attribute on one occasion the 
rigid threshold.

4. � Simulation Results and 
Discussion

The projected CBR algorithm is implemented in 
MATLAB R2014a. A WSN of 200 nodes undergo ran-
dom deployment in the area of 500x500m2. For energy 
consumption analysis, the first order radio model is 
employed. The cluster construction of the projected CBR 
method is illustrated in Figure 3. For validation, the pro-
posed method is validated by comparing its results with 
the LEACH protocol. The obtained outcomes of the pro-
jected CBR algorithm in terms of number of clusters are 
shown in Figure 4. 

Figure 3.  Unequal cluster construction.

Figure 4.  No. of cluster formed.

Figure 5.  Number of alive sensor nodes.
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Figure 5 demonstrates the alive nodes counts for vari-
ous rounds. It is absolute from the Figure 5 that the alive 
nodes counts are at maximum for CBR technique when 
comparing with the LEACH. The CH is selected through 
LEACH randomly and it does not involve any parameter 
to node for selecting the CH. The projected reactive and 
voting data transmission technique results in efficient CH 
selection and when compared to the actual period, the 
node works for long. This tends to enhanced alive sensor 
node counts within the network. When comparing with 
LEACH, the CBR algorithm energy utilization is low. 

Figure 6 demonstrates the projected technique energy 
utilization with LEACH. When compared to the LEACH 
values, the projected method consumes low rate. This 
shows that using fuzzy logic in dynamic CH selection 
gives superior outcomes when comparing with LEACH. 
It is absolute from the network lifetime that had enhanced 
as 55.72%, and energy utilization is minimized by half 
when comparing with LEACH.

Figure 6.  Energy consumption of sensor nodes.

5.  Conclusion
This study presents a CBR algorithm using unequal 
clustering mechanism and threshold based data trans-
mission. This study incorporates two main phases: (i) 
Unequal clustering using vote based measure as well as 
transmission power of sensor nodes and (ii) Reactive 

data transmission. This reactive manner eliminates the 
data redundancy as well as the amount of data transmis-
sion. The simulations were performed to highlight the 
advantages of the CBR algorithm to enhance the network 
lifetime with reduced energy consumption. For examin-
ing the energy utilization, the first order radio model is 
employed that network lifetime of the proposed method 
is increased by 55.72% and the energy consumption is 
reduced to 50% when compared to LEACH.
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