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Abstract
One of the major constraints of wireless sensor networks is limited energy available to sensor nodes because
of the small size of the batteries they use as source of power. Clustering is one of the routing techniques that
have been using to minimize sensor nodes’ energy consumption during operation. In this paper, A Novel
Clustering Algorithm for Energy Efficiency in Wireless Sensor Networks (ANCAEE) has been proposed.
The algorithm achieves good performance in terms of minimizing energy consumption during data transmission and energy consumptions are distributed uniformly among all nodes. ANCAEE uses a new method of
clusters formation and election of cluster heads. The algorithm ensures that a node transmits its data to the
cluster head with a single hop transmission and cluster heads forward their data to the base station with
multi-hop transmissions. Simulation results show that our approach consumes less energy and effectively
extends network utilization.
Keywords: Sensor Nodes, Clusters, Cluster heads, Wireless Sensor Networks, Base Station, Clustering
Algorithms, Energy Efficiency

1. Introduction
Recent advances in communication technology have led
to the development of intelligent, lightweight, low cost
sensor nodes that cooperatively collect data from the
place of deployment [1]. These nodes have the capability
to communicate among themselves and with the base
station. A sensor node consists of sensing, processing,
communication, transceiver and power units [2]. These
are used to acquire interested data, process, and communicate to other sensors within the networks usually,
through radio frequency channel [3]. Wireless sensor
networks (WSNs) have been used in many applications
include home security, battle-field surveillance, monitoring movement of wild animals in the forest, earth
movement detection, healthcare applications [4]. They
can also be used in sensing ambient conditions such as
light, sound, and temperature. Depending on the area of
applications, sensor networks can be randomly distributed,
for instance in military applications, sensor nodes can be
randomly dropped from war-plane into the battlefield to
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monitor enemies’ movement or manually placed.
Medical sensors can be manually placed in the hospital
to monitor both the medical staff and patients inside the
hospitals [5]. One of the main benefits of WSNs is their
ability to operate autonomously in harsh environments
where it may be dangerous or infeasible for human being
to reach [6]. The nodes in WSNs are powered by batteries,
it is expected that these batteries lasted for years before
they can be replaced. Due to the cost and small size of the
sensor nodes, they have been equipped with small batteries with limited energy source [7]. This has been a
major constraint of wireless sensor nodes which limits
their lifetime and affects utilization of the wireless sensor
networks. To extend batteries’ lifetime and networks
utilization, constant changing the batteries when they run
out of energy may not be practical, since these nodes in
most cases are many (tens to thousands of sensor nodes),
recharging the weaken batteries at all time may not be
feasible. Therefore, there is a need to minimize energy
consumption in WSNs. In recent time, many clustering
algorithms have been proposed with different protocols
WSN
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by different researchers to prolong networks utilization.
There still need to look for other techniques in which
energy can be minimized in WSNs.
Clustering technique is one of the effective approaches
used to save energy in WSNs [8]. Clustering means organizing sensor nodes into different groups called clusters.
In each cluster, sensor nodes are given different roles to
play, such as cluster head, ordinary member node, or gate
way node. A cluster head (CH) is a group leader in each
cluster that collects sensed data from member nodes,
aggregate, and transmits the aggregated data to the next
CH or to the base station [9,10]. The role of ordinary
member node is to sense data from the environment they
deployed.
Gate-way nodes are nodes belonging to more than one
clusters and their role is to transmit data between two
clusters.
Furthermore, many different traditional clustering algorithms for wireless ad-hoc networks have been proposed by [11-13]. These clustering algorithms are not
suitable for sensor networks because in ad-hoc networks,
the primary concern is quality of service (QoS) and energy efficiency is the secondary. But in WSNs, the primary concern is the energy efficiency in order to extend
the utility of the network [14].
However, Low Energy Adaptive Clustering Hierarchy
(LEACH) Protocol was proposed by [15]. This protocol is
one of the most famous hierarchical routing algorithms
for energy efficiency in WSNs. Other algorithms developed thereafter were based on this algorithm.
The operation of LEACH protocol is divided into
rounds. Each round consists of set-up phase and steadystate phase. During the set-up phase, sensor nodes are
organized into different clusters based on the received
signal strength and cluster heads are selected for each
cluster as routers to the base station.
This algorithm saves energy, since only CHs are allowed to transmit data to the base station rather than all
nodes. It allows CHs to rotate randomly to balance energy
consumption of nodes in the networks. Basically, each
node elects itself to be a CH in a given round. This decision is made by selecting a random number between 0 and
1. A node V becomes CH for the current round, if the
number selected is less than set threshold value. The
threshold formula is contained in [15]. LEACH achieves
reduction in energy consumption 7 times compared with
direct communication and between 4 to 8 times compared
with minimum transmission energy (MTE) routing protocol [16]. Despite these benefits, LEACH suffers several
shortcomings. CHs are not uniformly distributed in
LEACH, CHs may be chosen from one part of the network. If this occurs, energy dissipation will be more than
conventional protocols [17].
Copyright © 2011 SciRes.

ET AL.

Moreover, considering a single round of LEACH, CH
selection based on probability will not automatically lead
to minimum energy consumption during the steady state
phase.
[26] proposed two-level LEACH (TL-LEACH) algorithm protocol. It was enhanced to the LEACH algorithm.
They adopted the same method of cluster heads selection
and clusters formation. The algorithm elected two sensor
nodes in each cluster as cluster heads, one node as primary cluster head and the other as the secondary cluster
head. Both the primary and secondary cluster heads can
communicate with each other and secondary cluster
heads communicate with nodes in their sub-clusters.
Secondary cluster heads collect sensed data from the
other nodes, perform data fusion and transmit it to the
primary cluster heads. Primary cluster heads further perform data fusion on the received data and transmit it to
the base station. This technique greatly reduces the number of data sent to the base station. However, the algorithm may not be energy efficient if the cluster heads are
at distance from the base station. Finally, there is high
probability of increase in overhead during the selection
of primary and secondary cluster heads which will result
to increase in energy consumption.
SEP is another clustering protocol, proposed by [18].
The main goal of the protocol is to use non-homogenous
sensor nodes to distribute energy uniformly in WSNs. The
protocol operation is similar to LEACH protocol, apart
from method of cluster head selection is based on two
different levels of energy. A node with the highest weight
according to their different energy is elected as CH.
Subsequent CHs are elected using this process. This approach ensures that CHs are randomly selected and energy consumption is uniformly distributed among sensor
nodes. The main objective of our research work is to
develop an algorithm that will minimize communication
distance among sensor nodes and prolong network utility.

2. Clustering Algorithm
Clustering is a good method in wireless sensor networks
(WSNs) for effective data communication and towards
energy efficiency [19]. It involves grouping of sensor
nodes together, so that nodes communicate their sensed
data to the CHs. CHs collect, aggregate and transmit the
aggregated data to the processing centre called base station for further analysis [20]. Clustering provides resource utilization and minimizes energy consumption in
WSNs by reducing the number of sensor nodes that take
part in long distance transmission [21,22]. Cluster based
operation consists of rounds. These involve cluster heads
selection, cluster formation, and transmission of data to
the base station. The operations are explained below.
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2.1. Algorithm for Cluster Heads Selection
In order for a node to become cluster head in a cluster the
following assumptions were made.
 All the nodes have the same initial energy.
 There are S nodes in the sensor field.
 The number of clusters is K.
Based on the above assumptions, the average number
of sensor nodes in each cluster is M where
s
(1)
M
k
After M rounds, each of the nodes must have been a
cluster head (CH) once.
We assigned each node a unique identifier i, Mi for all
i  0,1, 2,3, 4, S  1
Variable i is used to test whether it is the turn of a node
to become a CH.
Originally, all nodes are the same, i.e. there is no CHs
in each cluster, j = 0 where j is CHs counter.
A node q is selected among all nodes and continuously
executes the following steps:
Firstly, q increments i by 1 and check if i is even, if yes
that node is selected as the CH for that round and announces its new position to all member nodes in the
cluster.
Else if i is odd, it cannot be a CH for that round, it will
wait for the next round and be ready to receive advertisement message from the new CH.
A predetermined value is set (threshold value) for the
new CH to transmit for that round.
When the value has reached, j will be incremented by 1
and the process of selection of new CH begins. It tests if
the following two conditions hold.
 That a sensor node has not become cluster head for the
past 1 p   1 rounds [25].
 That the residual energy of a node is more than the
average energy of all the sensor nodes in the clustering.
Thus, the probability of a node becoming new cluster
head is given as

Erem  i  * K
Eavg  i  * M
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after CHs have been elected. Below gives the description
of new cluster formation.
Step 1: The new cluster heads elected above broadcast
advertisements (ADV) message to all non-cluster nodes in
the network using Carrier Sense Multiple Access (CSMA)
MAC Protocol.
Step 2: Each sensor node determines which clusters it
will join, by choosing CH that requires minimum communication energy.
Step 3: Each non-cluster node uses CSMA to send
message back to the CHs informing them about the cluster
it wants to belong.
Step 4: After CHs have received messages from all
nodes, Time Division Multiple Access (TDMA) scheduling table will be created and send it to all nodes. This
message contains time allocated to each node to transmit
to the CH within each cluster.
Step 5: Each sensor node uses TDMA allocated to it to
transmit data to the CH with a single- hop transmission
and switch off its transceiver whenever the distance between the node and CH is more than one hop to conserve
energy.
To avoid a single node transmitting data multiple times
in one round, we set a threshold value G. G is the total
time of all nodes in the cluster forwarding their data to the
CH in one round.
Step 6: CHs will issue new TDMA slots to all nodes in
their clusters when allocated time for G has elapsed, for
each node to know exact time it will transmit data to avoid
data collision during transmission that can increase energy consumption.
Step 7: CH transceiver is always turn-on to receive data
from each node in its cluster and prepare them for inter-clusters transmission.
Inter-cluster transmission is of two types: single hop
and multi-hop [23,24]. We adopted multi-hop transmission in order to save more energy during inter-cluster
transmission.

2.3. Steady State Phase

where Erem is the remaining energy in node (i), Eavg is
the average energy of all the nodes in a cluster.
It continues until j = K. The algorithm stops when j = K.
The new CHs collect sensed data from member nodes,
aggregate them, and transmit the compressed data to the
next cluster head or base station.

After all data has been received, the CH performs data
fusion function by removing redundant data and compresses the data into a single packet. This packet is
transmitted to the base station via multi hops transmission. After a certain period which is calculated in advance, the next round starts with the election of new CHs
using our initial algorithm as described in Section 2.1
above and formation of new clusters as explained in Section 2.2.

2.2. Cluster Formation

3. Simulation Results and Analysis

The next step in the clustering phase is cluster formation

The main aim of this experiment is to extend the network

Pi 
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lifetime by minimizing communication distance during
transmission. In order to evaluate the performance of our
new clustering algorithm (ANCAEE), we simulated
LEACH, TL-LEACH protocol and ANCAEE using
MATLAB. To see the level of energy saving our protocol can achieve, we used 100 sensor nodes randomly
distributed between (0, 0) and (100, 100) m with base
station set at a distance (x = 50, y = 350) m as shown in
Figure 1.
Simple Radio energy dissipation model used for the
experiment was adapted from [15].
From the radio model, the energy expended by the radio to transmit k bits of data to distance d is given by

(3)

 Eelec  k   mp  d 4  k d  d 0

To receive k bits of data is given by
Erx  k   Eelec * k

Table 1. Simulation parameters.
Parameters
Number of Sensor Nodes
Network Dimension
Nodes initial energy (K)

(4)

Eelec is the energy expended per bit to run the transmitter or receiver circuit as shown in Equations (3) and
(4).
Energy dissipation by transmitter amplifier depends on
distance d between sender and receiver. For this experiment, both the Free State (d2 power loss) and the Multipath Fading (d4 power loss) Models were used.
We set threshold value d0 for the distance between
sender (sensor nodes) and the receiver (Cluster heads and
Base station).
If the distance d is less than d0, Free State model is
used to know energy dissipation by the transmitter electronics else, Multipath Fading model is used.
The parameters used for the test and the respective
values are given in Table 1.
Sensor field containing 100 nodes is partitioned into
five clusters; each cluster contains a cluster head and
member nodes. Red nodes represent cluster heads and

Copyright © 2011 SciRes.

100
100 m × 100 m
0.5 J
50 nJ/bit

Amplifier dissipation multipath (εmp)

0.0015 pJ/bit/m4

Data packet size

100 bytes

Amplifier dissipation free state (εfs)

10 pJ/bit/m2
25 bytes

Distance between sensor field and Base-station

x = 50, y = 350

black nodes represent member nodes. Each of the nodes
is assigned with unique identifier (ID) as shown in
Figure 2.
We compared the performances of our algorithms with
LEACH and TL-LEACH algorithms. We are interested in
the number of rounds when the first node dies and time
when the last node dies.
From the simulation result shown in Figure 3, it was
observed that the first node dies in LEACH and TLLEACH after about 135 and 148 rounds respectively and
while in ANCAEE first node dies after about 185 rounds.
Furthermore, the last dies in LEACH after about 640
rounds and 710 rounds in TL-LEACH while last node dies
after 800 rounds in ANCAEE.
This simulation result shows that ANCAEE algorithm
extends battery life time thus, prolongs sensor network
utilization.
Figure 4 shows number of sensed data received at base
station (BS) over transmission rounds. Our algorithm




Figure 1. Sensor nodes randomly distributed.

Values

Transmitter circuitry dissipation (Eele)

Broadcast size

Etx  k , d   Eelec  k  Eamp  k
 Eelec  k   fs  d 2  k where d d 0
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Sensor Node
Cluster head

Figure 2. Cluster formation.
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LEACH protocols due to short range data transmission of
sensor nodes and election of cluster heads based on residual energy of each node. The objective of this algorithm is achieved of consuming less energy, distributing
energy consumption equally among all nodes and finally,
extends the network lifetime.
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