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Abstract
Sensors in a wireless sensor networks are prone to failure due 
to the deployment of WSNs in dynamic and unpredictable harsh 
environment. To prevent the node from failure and extend the 
network lifetime, we propose a probabilistic energy prediction 
unequal clustering algorithm for wireless sensor networks. In 
this algorithm, the network is partitioned into unequal clusters 
and predicts the energy level of each sensor nodes using the 
probabilistic model to prevent from failure. The simulation results 
show that our proposed algorithm achieved our goal efficiently.
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I. Introduction
Wireless Sensor Networks consists of number of sensor nodes 
which are monitoring the physical conditions [1]. WSNs have 
gained worldwide attention academically as well as industrially 
because of its great potential for many applications in various 
scenarios. A major constraint in designing many such networks 
is energy [2]. Sensor nodes are often running on batteries and 
operated for a long time. So, the lifetime of battery is very 
important issue in designing topology, which affects the lifetime 
of sensor networks greatly.
Clustering is especially important for sensor network applications 
where a large number of sensors are deployed for sensing 
purposes. In general, each cluster has a cluster head (CH) which 
are responsible for gathering data and aggregating data from their 
cluster members. Each cluster member forwards its data packets 
to the cluster-head, the cluster head aggregate and send it to the 
base station.
Sensor nodes are typically disposable and expected to last until their 
energy drains. Therefore, it is vital to manage the energy wisely. 
Failures in sensor nodes due to energy depletion are continuous and 
may increase. Sensor nodes failure may cause connectivity loss 
and in some cases network partitioning [3]. In clustered networks, 
it creates a hole in network topology and disconnects the clusters 
and its members. Therefore to overcome the sensor node failure 
and to guarantee system reliability, faulty nodes should be detected 
in before to prevent from network failure.
In this paper, we propose a new fault prediction algorithm based on 
energy consumption which prevents the cluster head and its cluster 
members from failure. Each sensor node uses the probabilistic 
model to predict the energy level of each sensor nodes. Assign 
a threshold value for each node. If the calculated energy level 
is less than the threshold value, then the cluster head chooses 
some other node whose residual energy is greater than specified 
threshold energy level.
The rest of the paper is organized as follows: in the next section 
we discuss the related work. Section III describes proposed work, 
in section IV discuss the experimental results finally we conclude 
the paper in section VI.

II. Related Works
This section briefly discusses some well-known fault prediction 

and recovery algorithms for unequal clustering algorithm in 
Wireless Sensor Networks.
In [4], Cluster Based Target Tacking storage allowing fault 
tolerance with minimum energy consumption and high tracking 
probability by varying the number of supervisor nodes, cluster 
head and target speed. This mechanism is applicable for specific 
member of cluster head failures and supervisor node fault tolerance 
is applicable with the condition of at least m degree of deployment 
redundancy.
In [5] FEED chooses a supervisor for any cluster node head. This 
selection causes the entire network to be entirely covered until it 
reaches the round. The result is fault will occur in the network. 
This type of cluster head selection will entirely cover the complete 
sensor network until it reaches the end of the round. The single 
member of clusters is close to zero by using this method.
A Novel Energy Aware Fault Tolerant Mechanism for WSN [6], 
instead of sending data information to the primary cluster head 
and backuping cluster head simultaneously, the collector node 
only sends data when it founds the primary cluster head fails. 
This feature of IHR leads to less energy consumption compared 
to the DHR. In addition, it can still transmit information when 
cluster head faults happen.
In [7], the algorithms introduced two phases: detect and recover 
sensors from the failed gateways without shutting down or re-
clustering the entire system. Due to the failed gateways, the 
gateways can affect from complete, link or range failure caused 
due to hardware or software. It enables the fault tolerance by 
performing periodic checks on the status on the gateways.
Fault detection and Recovery in WSN using clustering [8] proposed 
a design technique to maintain the cluster structure in the event 
of failure caused by energy depleted nodes. Initially, node with 
the maximum residual energy in a cluster becomes cluster head 
and node with the second maximum energy becomes secondary 
cluster head. This mechanism recovers the connectivity of the 
cluster is almost less than that of time taken by the fault tolerant 
clustering proposed by venkatraman.
ZFTM [9] is a self-organizing, energy efficient, fault management 
architecture for WSNs. It can be applied to the design of WSNs 
protocol and applications that require energy efficiency, fault 
tolerance, maximizing the network lifetime.
EFB [10] aims to decrease the consumption of the network 
resources in each round of data communication and aggregation 
and it is a fault tolerant technique that guarantees trustworthy of 
the communication between sensor nodes and base station by 
selecting a cluster heads in terms of energy and distance.
All the above proposed approaches are based on network faults 
and consider network components malfunctioning only. Some 
approaches assume that system software is fault tolerant and some 
are focused on fault detection and recovery mechanism. In the 
existing algorithms, some energy gets reduced for a node while 
they periodically query to check the presence or absence of a node 
and they do not provide any prevention mechanism for predicting 
a node from failure. Motivating by this fact, a mechanism has been 
proposed to predict the nodes energy at any time.
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III. Proposed Work

A. Network Model
Let us consider a set of sensor nodes are uniformly distributed 
in a square field. The Base Station (BS) is located at the centre 
of the sensor networks. After deployment, the Sensor nodes and 
the BS are all immobile. The energy level of each sensors are 
initially equal ie., sensor nodes are homogeneous and a unique ID 
is assigned for each node.  A node can compute the approximate 
distance to another node based on the received signal strength, if 
the transmission power is known previously. The communication 
links between the nodes are symmetric. Sensor nodes do not have 
GPS equipment and cannot get any location information, but the 
relative distance between two nodes can be calculated according 
to the received signal strength. 
Nodes in the networks are organized in the form of unequal clusters 
using the existing work UCAPN [12] clustering algorithm to solve 
the hot spot issues.

B. Energy Consumption Prediction Model
Energy consumptions refer to the loss of energy in each node after 
every round of cluster formation and data communication. The 
energy consumption is depends on distance between the nodes, 
number of bits, radio model and number of nodes participating 
in data communication. To calculate the energy consumption 
of each node, the node can be categorized into three types: 1. 
Transmitter node, 2. Intermediate node, 3. Receiver node. The 
initial energy for each node is randomly assigned. For any node 
i, let its initial energy be Ei. To calculate the energy consumption 
during communication is calculated as follows. Energy spent to 
transmit k bit message over a distance d is:

 (1)
Where Eelec denotes the electronic energy and the ratio of €fs and 
€mp is constants, that denotes the amplifier energy to maintain 
the acceptable signal to noise ratio. To receive the message, the 
energy spent for the radio is
ERx (k) = k × Eelec.    (2) 
Energy spent to send and receive k bit message over a distance 
d is:
EIx(k)=ETx(k,d)+ERx(k)    (3)
Where ETx(k,d) denotes the required energy to transmit k bit 
message over a distance d and ERx(k) is energy for receiving a k 
bit data over a distance d.
The energy level of each node can be calculated using (1), (2) and 
(3) at regular interval of time t. From this history, the future energy 
level of each node for transferring k bit data can be calculated by 
Naïve forecast model.
A naive forecasting model is a special case of the moving average 
forecasting model where the number of periods used for smoothing 
is 1. Therefore, the forecast for a period, t, is simply the observed 
value for the previous period, t-1.
E t+1 = (1/n)(ΣEt)
Where E t+1 is the energy level of sensor node i at period t+1, n is 
the number of previous historical energy levels and ΣEt = sum of 
the actual energy level for  sensor node n historical periods.
The estimation of future condition of a node i depend on the 
energy level of the node i at a particular time t. assign a threshold 
energy Er for every node. A node with the residual energy below 
this threshold value can neither be used for transmission nor for 

reception and a node whose energy is equal to this threshold 
value have more chances for failure. This can be described by 
the following Statement:

If E• i >Et  -  the nodes has required energy
If E• i < Et - the node will fail
If E• i = Et - the node have a chance to fail.

IV. Simulation and Experiemntal Results
To evaluate performance of the proposed algorithm proposed 
have been made with the help of Network Simulator tool. The 
sensor nodes are randomly formed within a 200m × 200m area. 
After the formation, nodes become static. And 250 sensor nodes 
are randomly distributed in the square field. The Base station is 
placed at the centre of the square field. The parameters are used 
in this simulation is shown in Table 1. 

Table 1: Parameters Used in Simulation
Simulation Parameters Values
Network Area
Number of sensor nodes
Transmission Range
Initial Energy
Eelec
€β
Data packet size
d0
ET

200*200m
50-250
100-450m
1J-3J
50 nj/bit
100 pj/bit/m2

512 bytes
50 m
0.2j -0.8

A. Energy Consumption
The plot for energy consumption vs. number of nodes of proposed 
algorithm with LEACH [11] is shown in fig. 1. The total energy 
consumption of two clustering algorithms increases when 
increasing the number of nodes. The proposed algorithm performs 
better than LEACH by increasing the number of clusters nearer 
to the base station.

Fig. 1: Energy Consumption

B. Fault Prediction
According to our simulation, the proposed algorithm is more 
efficient than LEACH in the case of predicting the nodes energy 
level. The fault prediction is measured when the energy level 
of Cluster Head and Cluster Members reaches the predefined 
threshold energy level. The fig. 2 shows the percentage of fault 
prediction according to various threshold energy levels 0.2J, 0.4J, 
0.6J and 0.8J.
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Fig. 2: Falut Prediction Vs. Threshold Energy Level

C. Network Lifetime
The graph have been plotted to show the lifetime of sensor networks 
along the different number of nodes. The proposed algorithms 
increases the network lifetime compared than the LEACH by 
increasing the number of clusters nearer to the base station.

Fig. 3: The Network Lifetime as the Base Station Travels 
Farther

V. Conclution 
In this paper, we have proposed an Energy Level prediction 
algorithm for cluster based wireless sensor networks is an 
extension of UCAPN [12] algorithm. The proposed algorithm 
predicts the nodes future energy level and compared with the 
predefined threshold energy level to determine that the nodes 
have enough energy to transferring and receiving a data to and 
from the base station. This will avoid the cluster head and cluster 
members from link failure. In addition, this algorithm specially 
designed to increasing the network lifetime and reducing the 
energy consumption.
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