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INTRODUCTION 
 
 As the world is moving at a rapid pace towards 
automation in networking, the use of wireless sensor 
networks has become quite extensive. The wireless 
sensor network can consists of two kinds of nodes at 
large, namely, sensor nodes and the base station. The 
sensor node is tiny in size and it has very limited 
amount of battery power for its operation that is used 
to sense or monitor the environmental conditions like 
pressure, temperature, humidity etc. The 
station, not restricted of energy at all, is located far 
away from the sensor nodes. The sensor nodes work 
cooperatively to collect the monitored data and send 
it to the base station. The base station process the 
data collected from the sensor and pro
required information to the user. 
 One of the main issues faced in providing a 
clustering solution to enhance the lifetime of a 
wireless sensor network is the non
complexity of the clustering mechanisms. Beginning 
from the first adaptive clustering protocol, short 
Energy Adaptive Clustering Hierarchy with 
Deterministic Cluster-Head Selection (LEACH), a 
number of adaptive clustering techniques have been 
brought forth as a result of intensive research. 
However, the demand for the use
upgraded with the latest technology to perform high 
efficiency operations still requires minimization of 

Natural and Applied Sciences, 9(16) December 2015, Pages: 41-49
AENSI Journals 

 

Advances in Natural and Applied Sciences 
 
 

ISSN:1995-0772    EISSN: 1998-1090 
Journal home page: www.aensiweb.com/ANAS 

 

 

Sathiyaseelan Rathinavel, Research Scholar, Dept. of Computer Science and Engineering, Anna 
University, Chennai, Tamil Nadu, India. 

sathiyaseelanrec@gmail.com 

Efficient Angular Adaptive Rotational Clustering Mechanism in Wireless 

jayakumar P. 

Research Scholar, Dept. of Computer Science and Engineering, Anna University, Chennai, Tamil Nadu, India 
Professor and Dean, Dept. of Computer Science and Engineering, University College of Engineering,Tindivanam, Tamil Nadu. 

A B S T R A C T 
Wireless Sensor networks are the future of automated and remote sensing applications. 
Clustering is the best available energy conserving mechanism in the operation of 
wireless sensor networks. To ensure that the maximum amount of energy is preserved in 
such a clustering mechanism, we propose, in this paper, two schemes an Efficient 
Angular Rotational Clustering (EARC) and Efficient Angular Adaptive Rotational 
Clustering mechanisms where an angular clustering operation is performed. A strategy 
for the cluster head selection process is proposed that selects a cluster head in an 
adaptive manner inside a cluster depending upon the energy consumption state 
indicated by a cluster selection factor CSF for the each cluster in EARC. The EAARC 
is an enhanced version of EARC with the angle or rotation selected in an adaptive 
manner along with the cluster heads inside every cluster chosen adaptively. Simulation 
analysis of the proposed methods EARC and EAARC is obtained using the network 
simulator NS-2 to prove the efficiency in terms of quality of service and reduction of 
energy consumption. The proposed model hence increases 
good extent. 
 
 

© 2015 AENSI Publisher All rights reserved
Sathiyaseelan Rathinavel and Vijayakumar P., An Efficient Angular Adaptive Rotational Clustering Mechanism in 

Nat. Appl. Sci., 9(16): 41-49, 2015 

 
INTRODUCTION  

As the world is moving at a rapid pace towards 
automation in networking, the use of wireless sensor 
networks has become quite extensive. The wireless 
sensor network can consists of two kinds of nodes at 
large, namely, sensor nodes and the base station. The 
sensor node is tiny in size and it has very limited 
amount of battery power for its operation that is used 
to sense or monitor the environmental conditions like 
pressure, temperature, humidity etc. The Base 
station, not restricted of energy at all, is located far 
away from the sensor nodes. The sensor nodes work 
cooperatively to collect the monitored data and send 
it to the base station. The base station process the 
data collected from the sensor and provide the 

One of the main issues faced in providing a 
clustering solution to enhance the lifetime of a 
wireless sensor network is the non-adaptability and 
complexity of the clustering mechanisms. Beginning 

daptive clustering protocol, short 
Energy Adaptive Clustering Hierarchy with 

Head Selection (LEACH), a 
number of adaptive clustering techniques have been 
brought forth as a result of intensive research. 
However, the demand for the use of devices 
upgraded with the latest technology to perform high 
efficiency operations still requires minimization of 

energy consumption to the maximum possible extent. 
This paper is a one such solution towards preserving 
maximum energy during clustering op
brings forth two schemes, EARC and EAARC in its 
attempt. The remaining sections of the paper contain 
the works related to this endeavor, the technical 
description of the two proposed schemes and their 
simulation analysis. 
 
Existing Methods In Literature
  The first adaptive clustering mechanism, 
LEACH was proposed by Handy 
uses a stochastic methodology. Although the worst
case scenario of LEACH does not show bad 
performance, it still keeps some probability (1
during which energy consumption is excessive. 
Energy Aware Routing for Real
Communication in Wireless Industrial Sensor 
Networks (EARQ) was investigated by Heo 
al.(2009) that estimates the energy cost, delay and 
reliability of a path from a node to 
based on information from neighboring nodes. The 
probability of selecting a path is using the estimates 
and packet forwarding is done by selecting a 
forwarder node randomly. A path with lower energy 
cost is likely to be selected in this 
likeliness does not assure the reduction of energy 
consumption. 
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energy consumption to the maximum possible extent. 
This paper is a one such solution towards preserving 
maximum energy during clustering operation and 
brings forth two schemes, EARC and EAARC in its 
attempt. The remaining sections of the paper contain 
the works related to this endeavor, the technical 
description of the two proposed schemes and their 

iterature: 
The first adaptive clustering mechanism, 

LEACH was proposed by Handy et al.(2002) that 
uses a stochastic methodology. Although the worst-
case scenario of LEACH does not show bad 
performance, it still keeps some probability (1-P) 

nergy consumption is excessive. 
Energy Aware Routing for Real-Time and Reliable 
Communication in Wireless Industrial Sensor 

(EARQ) was investigated by Heo et 
.(2009) that estimates the energy cost, delay and 

reliability of a path from a node to the sink node only 
based on information from neighboring nodes. The 
probability of selecting a path is using the estimates 
and packet forwarding is done by selecting a 
forwarder node randomly. A path with lower energy 
cost is likely to be selected in this case; however the 
likeliness does not assure the reduction of energy 
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 Lin and Xiangquan (2009) and peng and 
Edwards (2010) explained that the minimum mean 
distance between sensor nodes as a selection 
parameter for cluster head selection. This method 
was further modified by Jerusha et al. (2012) to 
avoid network traffic and increase overall network 
lifetime. A Support Vector Machine based k means 
algorithm called K-SVM was proposed by Abdullah 
et al. (2013) to provide an energy efficient solution 
for clustering. Although these algorithms showed 
greater performance than LEACH, they do not 
consider the various factors of the network in an 
adaptive manner. 
 Boselin et al. (2012) introduced that the 
Decentralized Clustering. This method initiated by 
the nodes and reported to base station along with the 
data communication process. The work provides a 
detailed analysis of the various decentralized 
clustering algorithms and also evaluates factors like 
node mobility, cluster calculate, cluster head 
selection. Another clustering protocol based on 
evolutionary computation is studied in accordance 
with the point of energy saving optimization, which 
includes the construction of robustness function uses 
the information of neighbor nodes within the cluster 
energy and the distribution, and determining cluster-
head using Particle Swarm optimization (PSO) was 
proposed by Wu et al. (2013).  
 A new protocol called Equalized Cluster Head 
Election Routing Protocol (ECHERP), which pursues 
energy conservation through balanced clustering, 
was proposed by Stefanos et al. (2013). ECHERP 
models the network as a linear organization and, 
using the Gaussian elimination algorithm, calculate 
the combinations of nodes that can be chosen as 
cluster heads in order to extend the network lifetime. 
The nested clustering created using Logical Neighbor 
Tree that signifies the neighborhood relationship 
among the group members was designed to save the 
overall energy of the sensor node by combining and 
aggregating data before sending to the base station 
through their respective heads as discussed by 
Anuradha and Ganapathy (2013). 
 An analysis on the various clustering protocols 
for wireless sensor networks and compared on 
various parameters like cluster count, cluster size, 
cluster compactness, message count, node 
consumption, heterogeneity of nodes, location 
responsiveness and cluster head selection process as 
explained by Gupta et al. (2013). An energy-efficient 
strategy, which aims at minimizing energy 
consumption from both the sensor node level and the 
network level in a WSN, is proposed. To reduce the 
communication energy consumption of the sensor 
node, the distance between the source and the 
receiver is estimated before available diffusion, and 
then, the lowest transmission power needed to 
transmit the measurement data is calculated and 
determined by Yan et al. (2013). 
 Sharma and Rai (2013) explained that the global 
cluster cooperation schema (GCCS) for wireless 
sensor networks. Caching can reduce overall network 
traffic and power consumption in WSN. In 

unicasting technique is used because sink node stores 
the location of cache node and direct link is 
established between sink and cache node. Hence, it 
improves the lifetime of sensor node’s battery. 
 Cluster head rotation strategy based on energy 
levels was proposed Deshpande and Bhagat (2013) 
allow multiple cluster heads in a cluster of sensor 
nodes. The results of this scheme showed the 
efficiency of proposed algorithm in terms of 
enduring energy, total alive nodes and the execution 
time as compared to the cluster with single cluster 
head and this work remains as one of the main 
motives in the design of the work proposed in this 
paper. Another important motivation for this work is 
the Optimal. LI and LI (2013) proposed that the 
Angle Clustering Algorithm (OACA) where the 
network is a circular area divided into sectors with a 
certain angle to compute the optimal number of 
cluster heads. This technique also can be used to 
extend the EARC and EAARC techniques proposed 
in this work. Singh and Meenaxi (2013) explained 
that the Survey on Energy proficient Routing in 
Wireless Sensor Networks gives a good review to 
design energy efficient schemes.  
  
Proposed System:  
 In this work, two schemes called Effective 
Angular Rotational Clustering (EARC) and Effective 
Adaptive Angular Rotational Clustering (EAARC) 
perform rotational clustering operation with different 
cluster head selection methods in an adaptive 
manner, with the main focus as the energy of nodes.  
 
Effective Angular Rotational Clustering (EARC): 
 To test the criteria for the various cluster head 
selection methods working together, a simple angle 
based clustering is considered in this proposed 
scheme. The overall working of this scheme is 
illustrated in the form of a flowchart given in figure 
1. 
 
Pilot Signal:  
 A clustering process initiating Pilot signal is 
used to awaken all the nodes from their sleep modes 
and to gather all the information of the nodes. 
Particularly, the location and energy information is 
gathered from all the nodes which enable the 
commencement of the clustering operation in the 
next phase. 
 
Rotational Angular Clustering:  
 Rotational angular clustering is mainly used for 
the reuse of nodes in different clusters. The base 
station is assumed to be at the centre of the wireless 
sensor network in order to avoid collision of hidden 
nodes to some extent. The area around the base 
station is a circular area of 3600, with the distance 
between the base station and the farthest node as the 
radius r. The nodes are grouped by every 600 rotation 
of the base station antenna, and the base station 
informs all the nodes within the edges of the 600 
angle that they belong to the same cluster. The point 
at which the first clustering process is initiated is the 
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reference point for the next few rounds of clustering. 
The arrangement is similar to that in figure 2. This 
simple clustering process is performed using the 
following algorithm. 
 
 

Algorithm 1: 
Input: Cluster head gets ack from all the nodes with 
their location information in a table T 
Output: Clusters are formed at every 600 angle 
around the base station phase. 

 
Fig. 1: Working Flow of EARC. 
 
 The main advantage of this rotational clustering 
is that the nodes do not belong to the same cluster 
groups at all times of the network operation. This 
enables the reuse of the nodes in different clusters 
thus saving energy resources to a considerable 
extent. If θ is 300 then we can make sure that for 
every few rounds (Rs) the cluster contains 50% of 
difference in nodes compared to the previous formed 
cluster as illustrated in the figure. Resource sharing 
across the network is an added advantage. 

 The cluster head selection process is chosen 
based on the Cluster head Selection Factor (CSF). 
The node with the highest energy in the cluster is 
taken as E(n), the average energy of all the other 
nodes inside the cluster is Eavg(n).  
A ratio between the two values gives the CSF value. 
The flow of the CSF based clustering is illustrated in 
figure 3. 

(n)

(n)

Eavg
CSF

E
=

     (1)
                                                                                   

Algorithm 1 
Set a reference Point P at a distance r from the Base Station location O 

While |T| > 0 
Set round = 1; 

Set rotation = 0; 
For rotation ≤ 6;    / For 3600 the BS takes 6 rotations of 600 each 

For i=0, N ϵ T 
Node N = T(i) 

If N is in current region, {within 600 angular area} 
j = 0; 

Get C(j) = N(x,y),E(j) 
j++; 
Else 
i++; 
end 
end 

rotation++;          /rotation to the next 600 
end 

Set the reference Point P’ θ0 away from current reference point P 
round++; 

end 
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Fig. 2: Angle Estimation of EARC. 
 
 If the value of CSF lies between 0 and 0.5, i.e. 0

CSF<0.5 a simple cluster head selection process 
based on the energy and the node degree without 
complex calculations is performed here. If 
0.5≤CSF≤0.75, then more focus on the energy 
conservation process is mandatory and hence a 
cluster head selection process that considers a little 
extra information of the nodes. And if the CSF is 
greater than 0.75 but less than 1, i.e. 0.75≤CSF≤1 
then a lot of care is taken to choose an efficient 

cluster head. Cluster head selection process is 
performed in three different methods using 3 
different cluster head selection algorithms (2, 3 and 
4) explained below.  
Algorithm 2: Cluster head selection by Node degree 
and Energy values 
Input: C(j) is a list with the N(x,y),E(j) (node 
position and energy) 
Output: A cluster head CH(k) is selected 

 

 
 

Fig. 3: Adaptive cluster head selection mechanism based on CSF. 
 

Algorithm 2 
For current cluster k { 

Nei(j)=Number of neighbors within k 
E(j) = Energy of node j 

If Nei(j)  and E(j) is maximum { 
Select j as the cluster head CH(k) 

} 
} 
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 The node with the highest energy and the 
greatest number of neighbors it has with the other 
nodes is chosen as the cluster head. The number of 
operations required to perform this task is much 
lesser compared to the other two cluster head 
selection algorithms in this paper. 

 Algorithm 3: Cluster head selection by Node 
degree, Energy values and Distance from the 
centroid 
 Input: C(j) is a list with the N(x,y),E(j) (node 
position and energy) 
 Output: A cluster head CH(k) is selected. 

 
Algorithm 3 

For current cluster k { 
Nei(j)=Number of neighbors k 

E(j) = Energy of node j 
D(c,j) = Distance from centroid 

If Nei(j) , E(j) and D(c,j) is maximum { 
Select j as the cluster head CH(k) 

} 
} 

 
 The second algorithm uses an additional 
parameter called distance from the centroid. 
Additional computation requires additional resources 
like energy and time. However, efficient cluster head 
selection is a compensation for the same when 
algorithm 1 cannot possibly select an efficient cluster 
head. 

 Algorithm 4: Cluster head selection by Node 
degree, Energy, Distance from the centroid and Link 
Quality ratio 
 Input: C(j) is a list with the N(x,y), E(j) (node 
position and energy) 
 Output: A cluster head CH(k) is selected. 

 
Algorithm 4 

For current cluster k { 
Nei(j)=Number of neighbors k 

E(j) = Energy of node j 
D(c,j) = Distance from centroid 
Lq(Nei,j) = Link Quality with j 

If Nei(j) , E(j), D(c,j) and Lq(Nei,j) is maximum { 
Select j as the cluster head CH(k) 

} 
} 

 
 The main advantage of the EARC is the reuse of 
nodes in different clusters to save energy in the 
network thus maximizing the lifetime. 
 
Packet Effective Angular Adaptive Rotational 
Clustering (EAARC): 
 An enhancement on the Effective Angular 
Rotational Clustering (EAARC) is proposed in this 

scheme. This technique adaptively determines the 
angle θ, (figure 4) based on which the reference line 
for the next clustering process is determined. This 
means the next round of clustering actually groups 
the nodes in an efficient manner

  

 
 

Fig. 4: Adaptive angles of rotation θ1 and θ2. 

 
 The need for an adaptive angle steering process 
to perform clustering is mainly because the nodes 
can be grouped well according to the rate at which 
energy is consumed by the nodes in a cluster. The 

rotational angle θ is measured by the following 
equation, 

100

360

EAθ ×=
                                (2) 

θ1 

θ2 

Reference line 
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 Where, EA is the cluster accuracy in terms of 
energy usage in the network. This is measured from 
the efficiency of the cluster formation in the network. 
Depending on this efficiency of the cluster 
formation, in a predictive manner the nodes are 
grouped into clusters inside the angular area. 
Simulation of the two proposed schemes EARC and 
EAARC are performed in ns2.28 explained in the 
following sections. The energy of each cluster is 
given as in equation 3. 

[ ]1
( ) ( ) ( , ) ( )

m

TX TXAMP RXE k E b E b d E b= + +∑           (3) 
 Where m is the number of cluster members in 
the cluster k and d is the distance between the cluster 
and the cluster head and b is the packet size of the 
data being transferred. If the Average energy of the 
cluster Eavg(k) and the value obtained by the equation  
(1) match almost equally, then the same cluster 
structure is followed by the next round or else the re-
clustering process is initiated using the angle of 
rotation θ indicated by the equation (2). The EA 
value is estimated by equation 4. 

( )
( )

( )
avgE k

EA k
E k

=
                                       (4)  

 If the EA(k) value is nearly 1, i.e EA(k)>0.9, it 
means the cluster k is highly energy efficient and the 
next round of reclustering can be postponed for a 
while. But if it drops below 0.9, then the angle θ is 
obtained with the percentage of the deviation 

between the expected energy utilized and the actual 
energy utilization of the first cluster from the 
reference line OP. After every round of clustering 
process the cluster head selection takes place as 
proposed in the EARC scheme.  Since the scheme 
works around energy utilization and efficiency at 
large, the possibility of energy conservation is high. 
 
Simulation Analysis: 
 The simulation of the EARC and EAARC 
schemes is done by using the simulator NS2. 
Network simulator is a discrete event time driven 
simulator. NS2 is open source software which uses 
C++ and Tool Command Language (TCL) for 
simulation. NS2 is widely used to simulate the 
networking concepts such as clustering. The 
simulation parameters used in the simulation of the 
two proposed schemes is tabulated in Table.1. 
 The EARC scheme was simulated using the 
above parameters and the angle of rotation of the 
reference point at every few (Rs=10) rounds was 
taken as θ=900.  And the EAARC was simulated with 
the same scenario with θ value obtained in an 
adaptive manner. The Network Animator output 
(NAM) obtained during the simulations is shown in 
the following figure 5. To assess the efficiency of the 
two proposed schemes, QoS (Quality of Service) 
parameters are analyzed on the first place. 

 
Table 1:.Simulation parameters. 

Parameter Value 
Channel Type Wireless Channel 

Simulation Time 100 ms 
Radio Propagation model TwoRayGround 

Number of nodes 45-50 
Antenna Model DirAntenna 

MAC type IEEE 802.11 
Traffic model CBR 

Simulation Area 1000×1000 
Transmission range 230m 

 

 
 

Fig. 5: NAM screenshot of scenario used for EARC and EAARC. 
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Fig. 6: Packets Received Rate of EARC, EAARC and OACA. 

  
Packet Delivery Ratio: 
 Packet Delivery ratio is the total number of 
packets successfully delivered by the total packets 
sent. For an ideal network, the packet delivery ratio 

is 1. Figure 7 shows that the EAARC performs better 
than both EARC and OACA. 

PktsRecvd
PDR

PktsSent
= ∑
∑                                             (5) 

 

 
 

Fig. 7: Packets Delivery Ratio of EARC, EAARC and OACA.  
 
Throughput: 
 The total number of packets successfully 
delivered per 1000 packets over the network is 
calculated as the network throughput as given in the 
equation 5. Figure 8 shows the throughput of all the 
three techniques compared here. EAARC shows 

greater throughput compared to the EARC and 
OACA methods. 

1000

PktsRecvd
Thpt = ∑

                                             (5) 

 

 
 
Fig. 8: Throughput of EARC, EAARC and OACA.  
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Average Delay: 
 The total Delay occurred during the data 
transmission in the network is plotted against the 
total simulation time in the figure.9. Average delay 
of OACA is greater than EAARC and OACA as 
observed in the figure 9. 

Residual Energy: 
 Residual Energy is the amount of energy left in a 
node at an instant of time. The residual Energy plots 
for the EAARC, EARC and OACA methods are 
plotted below in figure 10 within the 50% of the 
simulation time (50ms) according to the 
corresponding proposed methods. 

 

 
 

Fig. 9: Delay of EARC, EAARC and OACA.  
 

 
 

Fig. 10: Residual Energy of EARC, EAARC and OACA.  
 
Conclusion: 
 A novel rotational clustering methodology was 
proposed in EARC and it was further enhanced in 
EAARC. The simulation results show how efficient 
the two proposed schemes can be. The EARC 
scheme introduced the adaptive cluster head election 
mechanism. It reduces energy consumption by 
around 10% in comparison with the OACA scheme. 
The EAARC adaptively performs clustering 
operation with a rotational angle in an adaptive 
manner. This further reduces the energy consumption 
by another 10%. Hence, by the proposed technique 
approximately 20% of energy is preserved in 
comparison with OACA. This method however uses 
only angular clustering but not in sectors. 

 As part of future work, sector wise clustering 
and adaptive manner can be performed. In future we 
can perform Mobility management in EARC and 
EAARC using techniques as discussed by Bharti et 
al. (2013) and unequal clustering as discussed by 
Tong et al. (2013).  
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