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ABSTRACT 

In wireless sensor communication, energy resource of the battery is very crucial and it has to be used in 

efficient manner. The battery for the wireless sensor network (WSN) cannot be recharged are replaced therefore 

the network lifetime must be high. Artificial neural network based wireless sensor network increases the number 

of live nodes in the network after data communication. Scalability is very important in the communication 

networking. The clustering of the sensor nodes increases the scalability of the network. Expectation 

maximization technique for cluster formation balances the node coverage and energy among the clusters. The 

neural network for WSN detects the faulty sensor nodes and eliminates the faulty sensor nodes. This increases 

the network throughput. 

 

Keywords: Artificial Neural network (ANN),  Cluster formation, Cluster head (CH), Data 

aggregation, Expectation maximization technique, Wireless sensor network (WSNs), 

   

I. INTRODUCTION 

 

In recent years wireless sensor network is finding its applications in various fields like agriculture, military, 

healthcare and environmental monitoring and industries. Wireless sensor network is made up of several sensor 

nodes. The sensor nodes are connected wirelessly using sensors and actuators. These nodes sense the data like 

temperature, pressure, sound etc and transfer the collected data to the base station. The base station 

communicates with the users through internet [1]. 

Clustering is the grouping of sensor nodes to form the clusters. Scalability is the ability of sensor network to 

handle the growing communication in the base station. Scalability is very important in the WSNs. The clustering 

of sensor nodes increases the scalability of wireless sensor network [2]. Expectation maximization technique for 

clustering is an iterative method to find the maximum likelihood among the sensor nodes. Then, form the cluster 

depending on the maximum similarities among the nodes. Expectation maximization technique is an iterative 

method hence it overcomes the problem of missing data. Also expectation maximization technique balances the 

communication among the sensor nodes in the clusters [3]. 

Artificial neural network is similar to biological neural network. ANN has processing unit like neurons in the 

brain. The signals are transmitted through the connection links and each connection links has associated weights 

[4]. Here ANN based data aggregation eliminates the faulty sensor nodes hence eliminate the energy 

consumption for the transfer of false data to the sink. ANN in WSN reduces the energy consumption for the 

transfer of data from leaf nodes to sink. 
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II. RELATED WORK 

 

Vipin Pal, Giridhri Singh and R P Yadav have applied the balanced cluster by considering the threshold for 

cluster formation. They overcome the problem of uneven clusters. Result shows that the balanced clusters give 

the better network lifetime with reduction in the node death rate [5]. 

Ling-Yi SUN, Wei CAI and Xian-Xiang HUANG have applied LEACH method for clustering and three layer 

back propagation neural network for the data aggregation. In this proposed method the efficiency of data 

gathering is improved and the total energy consumption is reduced. So the node death rate is reduced [6]. 

Bhushan Jagyasi and Jabal Raval have proposed the data aggregation in multihop wireless mesh sensor neural 

network. They compared the results of proposed WSN with mesh sensor neural network topology and tree neural 

network topology. The results depicts a substantial gain in the detection of accuracy by the proposed neural 

network based data aggregation in wireless mesh sensor networks as compared to the other existing methods for 

tree and mesh topologies of the WSNs [7]. 

 

III. PROPOSED METHOD 

 

3.1  Network initialization 

The first step in the design of wireless sensor network is network initialization. Network initialization is the 

process of deploying the sensor nodes in the sensor field of specified area. The proper node deployment reduces 

the network cost, increases the degree of coverage and lifetime. Deploy the nodes randomly in the specified area. 

Some of the parameters to be considered for the node deployment are coverage, delay, degree, energy 

consumption and cost effectiveness [8]. During network initialization communication is established between the 

sensor nodes. The nodes first find their neighbors and link quality then, establish a network and choose an 

optimal path to the sink.  After network initialization node localization is very important in random node 

deployment. Localization is the process of finding the relative or absolute position of the sensor nodes. 

 

3.2  Cluster formation 

Clustered wireless sensor network as shown in Fig.1. Cluster formation is the grouping of sensor nodes to form 

the clusters. Clustering increases the network scalability. In clustered wireless sensor network each cluster has 

cluster head and several leaf nodes. Cluster heads are energy resource rich nodes. Cluster heads consume more 

energy than leaf nodes. Leaf nodes communicate with the cluster head and then cluster head communicate with 

the base station [2].  

Here Expectation maximization (EM) technique is proposed for cluster formation. Expectation maximization 

method is an iterative process of determining maximum likelihood distances among the nodes [9].   

The EM algorithm includes two main steps an expectation step and maximization step. 
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Fig. 1. Cluster formation 

Choose an initial parameter „θ‟ such as distance between nodes. Let„t‟ be the iterations. 

 E Step (Expectation Step):- Estimate the initial parameter „θ‟. „θ‟ is the distance between the nodes in the 

network. In this step it is essentially not appropriate to form the clusters in a definite manner. However it is a 

preliminary stage to compute only the expected parameters. During E step a function gt( θˆ(t)  ) given by 

equation (1) is chosen such a manner which lower bounds the energy requirement with respective distance of 

communication.  

gt( θˆ(t)  )=logP(x;θ ˆ ( t) )                          

 …………….……………….(1) 

In equation (1) „x‟ denotes the minimal energy associated for specific distance of communication.  

M Step (Maximization Step):- In M step maximum likelihood estimation is calculated recursively in successive 

iterations. This step is repeated to re-estimate the maximum likelihood distance between nodes until the distance 

calculation remains same in successive iterations and this has its mathematical representation is given as,  

logP(x;θ ˆ ( t) )=gt( θˆ (t)   ) ≤ gt(θˆ(t+1)) =logP(x;θ ˆ(t+ 1 ))                                          

 .…………………………..(2) 

 Select the node which is having high energy and nearer to all leaf nodes as cluster head. 

 

3.3 Data aggregation 

Data aggregation is a key technology in WSNs. Data aggregation is a process of collecting the several data to 

obtain the data that must satisfy user needs. The sensor nodes are distributed in the specified sensor field. The 

sensor nodes are clustered using the expectation maximization clustering technique. We have mentioned the 

cluster heads for each cluster. The sensor nodes send their collected data from the environment to the cluster 

head and cluster head transfer its aggregated data to the base station. In this paper ANN based data aggregation 

technique is used to increase the throughput and network lifetime. 
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The faulty sensor node data to the CH is the main drawback of the existing system [11]. The existing system is a 

sensor network without neural network. The data transfer in the existing system is shown in Fig.2. Fault 

tolerance is the ability of the sensor network to provide the correct results when the sensor nodes fail. The ANN 

for sensor network eliminates the faulty sensor node that avoids the false information process.  

 

Fig. 2. WSN without artificial neural network 

This paper presents an idea of the neural network for sensor network. The collected data from the sensors are 

input to the neural network. The neural network trains the sensed data and then output the neural network data. 

The neural network data are compared with the initial sensed data and the difference is computed as „α‟. 

Artificial neural network data - Sensor data= α                     

………………………...… (3) 

„α‟ is a real number represents the accuracy of data transmission . „α‟   must be greater than „β‟. Where, „β‟ is 

the threshold value representing the valid state of a node. If α < β, such nodes are considered as faulty node and 

those nodes are eliminated. Otherwise the sensor is defective and that sensor is removed. The defected sensor 

node elimination is shown in Fig.3. This prevents the energy consumption for the transfer of false data.  

 

Fig. 3. WSN with artificial neural network 

This eliminates the failure of data transmission and aggregation using faulty nodes. 

 

3.4 Back propagation neural network for data aggregation in clustered WSNs 

In this paper back propagation neural network (BPNN) training is used for the data aggregation. Back 

propagation neural network for data aggregation is as shown in Fig.4. BPNN is a multi layer feed forward neural 

network [4]. The input layer is located in the leaf nodes and hidden and output layer is in the cluster head 

(CH).This neural network involves supervised learning [6]. Back propagation network have: 

1. Input layer consists of the back propagation network inputs. 

2. Hidden layer consists of neurons; these neurons are responsible for adjusting the weights to determine the 

correct weights. 
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3. Output layer consists of back propagation network outputs and represents the final decision of training 

operation. 

 

Fig. 4. Data aggregation using back propagation neural network. 

In a feed forward neural network the information flows from leaf nodes to cluster head. Every node processes the 

data in following manner. The flowchart for data aggregation using BPNN is as shown in Fig.5. First initialize 

the weights for all nodes. Leaf node data are the input to the neural network. Then transfer the data to the cluster 

head for training or processing [12]. 

The aggregated data Xj(n) of node Cj is given by 

              

 …………………………….. (4) 

Where,  

Cj = Cluster head 

wj(n) =Associated weight of cluster head 

yj(n) = Observation made by Cj 

K = set of indices of all leaf nodes of node Cj. 

wk(n) = Weights of leaf nodes 

Yj(n)= output after applying sigmoid function to Xj(n) 

The sigmoid function is defined as Y=1/(1+e
-X

) is used at intermediate nodes to get the binary decision. The 

decision Yj(n) of node Cj is given by, 

Yj(n)=1/(1+e
-X

j
(n)

)                          

 …...……………………….….… (5) 
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The binary decision Yj(n) of each node is propagated to cluster head. The binary decision made by CH estimates 

the event hypothesis Hest(n)=YCH(n). 

The error at the CH is the error between the actual desired output H(n) and estimated output Hest(n) is calculated 

as, 

e(n)=H(n)-Hest(n)                           

…………………………….……..(6)  

The error ej(n) at the node Cj is given by, 

ej(n)=e(n)wj(n)Yj(n)(1-Yj(n))                    

 ….…………………………….…. (7)       

The gradient gradj is calculated to update the weight. 

gradj(n)=αej(n)Xj(n)+µgradj(n-1)                   

 …......……………………..……. (8) 

The value of step size α and acceleration factor µ are carefully selected to avoid algorithm divergence. 

Finally the weights are updated as, 

wj(n+1)=wj(n)+gradj(n)                                                                    

…………………………...……….(9) 

Use the updated weights for the next training sequence to train the algorithm which uses forward and back 

propagation till the convergence reaches [13]. 

If the error is more, then the node is defective. Eliminate the faulty or defected node. When the leaf nodes fail or 

submit the faulty data, then reduce the nodes weight thereby resulting in the no impact of faulty data on 

aggregation. This reduces the energy consumption for the transfer of faulty data, thereby increases the network 

lifetime. 

Fig.5 explains the flow of proposed method. Deploy the sensor nodes randomly in the specified sensor field. 

Create the clusters using expectation maximization technique. Then select the cluster head for each cluster. Leaf 

nodes are input layer of back propagation neural network. Cluster head has hidden layer and output layer of back 

propagation neural network. Leaf nodes transfer the sensed data to cluster head. Back propagation neural 

network train the collected data and update the weights. In the case of clustered WSNs cluster heads may change 

for the next iteration. The clusters and cluster members must be updated dynamically. If the leaf nodes or cluster 

header are defective then eliminate them, again form the cluster and select the cluster head. If the leaf nodes or 

cluster heads are not defective then transfer the data from cluster head to base station. 
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Fig. 5. Flowchart for proposed scheme 
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IV. CONCLUSION 

 

Wireless Sensor Network is finding its application in various fields and is becoming very popular. Data 

communication in WSN should be supported by the limited resources of the nodes. Clustering of nodes in 

wireless sensor networks increases the scalability of the network and energy conservation. Clustering using EM 

technique reduces the data missing and it also balances the energy among each clusters. Data aggregation using 

ANN technique increases the number of live nodes in the network and throughput by eliminating the defected 

node. More efficient energy balancing technique should be devised to conserve nodes battery energy and result 

with improved network lifetime. 
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