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Abstract- A wireless sensor network (WSN) is a wireless network consisting of spatially distributed autonomous devices using sensors 

to monitor physical or environmental conditions. It consists of a large number of small sensors with limited energy.  Routing protocols 

for wireless sensor networks are responsible for maintaining the routes in the network and have to ensure reliable multi-hop 

communication under these conditions. In my work, I have measure the energy consumption level of the sensor nodes for the K-

Means Clustering, V-LEACH protocol and LEACH-KANG protocol based on the parameters of throughput, delay, and packet 

delivery ratio. These protocols   uses   the   optimal   path   to transmit  data  from  cluster  head  nodes  to  base  station  to  achieve 

good  performance  in  terms  of  lifetime  of  the network  in  WSN. The results have been simulated using NS-2 simulator and shows 

that the LEACH-KANG routing protocol performs better than the V-LEACH and K-Means clustering  routing protocol in terms of 

throughput, delay, and packet delivery ratio.  
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I. INTRODUCTION 

 

The Wireless sensor networks are highly distributed networks of small, lightweight wireless nodes, deployed in large 

numbers to monitor the environment or system by the measurement of physical parameters such as temperature, pressure, or 

relative humidity. Each node of the sensor network consists of three subsystems the sensor subsystem which senses the 

environment, the processing subsystem which performs local computations on the sensed data, and the communicating 

subsystem which is responsible for message exchange with neighbouring sensor nodes or to the base station. The two most 

important operations in a sensor networks are data dissemination, that is the propagation of data throughout the network, and the 

data gathering, that is collection of observed data from the individual sensor nodes to the sink. 

Fig .1.Architecture Of WSN 

 

The WSN consist of two main components like sensor nodes and base station. The Sensor nodes are tiny devices that 

have the capability of sensing physical parameters, processing the data gathered, and communicating over the network to the 
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monitor base station. A sensor network is a collection of a large number of sensor nodes that are deployed in a particular region. 

And the Base Station is a gateway from sensor networks to the outside world. The BS has a very large storage and large data 

processing capabilities they were more computational, energy and communication resources. 

 

Cluster based routing is an effective research area in wireless sensor networks. Clustering is grouping physical network 

nodes into a small number of logical assemblies and maintaining them during the network operation. The logical assemblies are 

called clusters. For the initial formation of clusters, each node performs a cluster formation protocol. Each cluster is managed 

by a node referred as cluster head (CH) and other nodes are referred as cluster nodes. 

 
 

Fig.2.Clustered Sensor Network 

 

Cluster nodes do not communicate directly with the sink node. They have to pass the collected data to the cluster head. 

Cluster head will aggregate the data, received from cluster nodes and transmits it to the base station. The cluster heads can be 

selected randomly based on one or more criteria. Ideal cluster head is the one which has the highest residual energy, the 

maximum number of neighbor nodes, and the smallest distance from base station. Thus minimizes the energy consumption and 

number of messages communicated to base station. Also number of active nodes in communication is reduced. Ultimate result 

of clustering the sensor nodes is prolonged network lifetime. 

 

II. RELATED WORKS 
 

Mohammed M. Ahmed. et al. [8] proposed optimized k- nearest neighbors classification algorithm to transmitting data 

and reducing the energy consumption and also increasing the network lifetime in WSN. In this method, whale optimization 

algorithm is considered for swam intelligent application. The network has been split to the active nodes and inactive nodes. In 

WOA algorithm, a population of N whales has been produced randomly and the fitness function of population is computed. 

After fitness value of each whale is calculated and the evaluation process has continued until the conditions are satisfied. Then 

the Euclidean distance between the position of the nodes and the center of network is calculated to transfer the data. 

Hassan Echoukairi and Amine KADA [7] discussed hierarchical routing protocol based on the centralized clustering 

approach on the k-means method in order to organize sensor networks into clusters and get a better performance parameter. In 

this paper, the input is taken as the dataset with WSN node position and assigns each node to the closest cluster center then 

calculates the center of each cluster by the mean of all the nodes belonging to that cluster and that the node having the smallest 

cost is selected as cluster head. Repeats the steps obtained centroids are the same as in the previous iteration and K-cluster 

heads fix down. Then form the number of cluster and the output is to be partition of k clusters. After that the data is to be 

transmitted from the CH to the BS effectively. 

  Anindita Ray and Debashis De [2] discussed in order to improve initial centroid selection procedure using midpoint 

algorithm. This algorithm calculates the optimum number of desired clusters based and the number of sensors present in it and 

that the algorithm should be applied for initial CHs selection, instead of choosing initial CHs randomly. It obtains balanced 

cluster where CHs are uniformly distributed and each cluster contains an almost equal number of sensor node that the load of 

the CHs becomes balanced, which increase the network lifetime. 

- Cluster Member 

- Cluster Head 
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Alka Singh, Shubhangi Rathkanthiwar and Sandeep Kakde [1] proposed particle swarm optimization technique and V-

LEACH protocol are used to improve the energy efficiency. The cluster formation is done randomly if some clusters may have 

more nodes than the rest, this cluster will die more quickly than others. After formation of clusters a head cluster has to be 

selected based on the maximum energy as compared to the rest of the nodes of the cluster. Once the cluster head loses its all  

energy transmission from the cluster to base station stops and the cluster will become useless. To avoid this condition and to 

increase the lifetime of the cluster even after when the cluster head is dead, vice cluster head is also selected. The functionality 

of this vice cluster head will be after the death of cluster head; it will take the data from different nodes of the cluster and 

transmit further. 

Tawfik Abdel Hakam Hassan. et al.,[14] discussed the energy dissipation of the sensors, that can be optimized by a 

load balancing in the packet of transmitting or receiving process in order to increase  the network lifetime and minimize the 

cluster head selection in each round of the clustering process. Assigning a vice cluster head (VCH) to each of the CHs. Unlike 

other different VCH based protocols, the assigned VCH does not remain in the idle state and receive its responsibility by the 

death of the CH, rather the VCH shares the transmits or receives the load with its CH in order to balance the load distribution, 

shortly after the death of the CH a VCH is fully loaded until a new VCH receives the TX load. The results of simulation prove 

that the proposed protocol prolongs the network lifetime as expected. 

 

 

III. PROPOSED SYSTEM 

 

In my work, energy efficient routing algorithm is presented based on   V-Leach and K-Means clustering protocol and 

LEACH-KANG routing protocol. A major problem with WSNs is the maximization of effective network lifetime through 

minimization of energy usage in the network nodes.  V-leach overcomes the work of selecting new cluster head every time the 

cluster head should be losses their energy. The simulation result provides the comparison of V-LEACH, K-Means clustering 

and LEACH-KANG protocols and determines which one of the routing protocols is providing better results in terms of 

throughput, delay, and packet delivery ratio. In my work, three routing protocols were used. They were K-Means clustering, V-

LEACH algorithm and LEACH-KANG protocol. 

 

A. K-MEANS CLUSTERING ALGORITHM 

 The proposed approach based on clustering of k-means clustering algorithm used for grouping N nodes into k groups. 

The algorithm used to find the objective function (Euclidean distance) between the node and base station to the cluster head for 

transmitting data from the node to cluster head and base station. The smaller value of the objective function means better 

clustering results. And this implementation provides the monitoring nodes to execute the process efficiently. K-means algorithm 

provides network lifetime with longer durability. K means clustering is based on the Euclidean distance value between the 

nodes to cluster head and the base station. 

 

 

start

Place initial „k‟ group of centroids

Assign each node to the centroid nearest 

to it and form initial cluster

Recalculate  the position of centroid in 

each cluster

If position of 

centroid

change

End clustering process
 

 

 

Fig.3.K-Means clustering protocol 
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B. Methodology 

 K-means clustering is a type of unsupervised learning, which is used for when you have unlabeled data (i.e., data 

without defined categories or groups). The goal of this algorithm is to find groups in the data, with the number of groups 

represented by the variable K. The algorithm works iteratively to assign each data point to one of K groups based on the features 

that are provided. Data points are clustered based on feature similarity. The results of the K-means clustering algorithm are: 

 The centroids of the K clusters, which can be used to label new data. 

 Labels for the training data (each data point is assigned to a single cluster). 

Each centroid of a cluster is a collection of feature values which define the resulting groups. The steps involved to 

implement the k means algorithm is follows: 

 

C. Steps Involved In K-Means Algorithm 

 

Initialize: Make selection of number of clusters k, total nodes inside sensor network N. 

Step (1) 

 Initial centers are selected randomly. 

Step (2) 
 The Euclidean distance from each node to all centroids and the base station is calculated. 

Step (3) 

 The sensor nodes are divided into the cluster according to the minimum distance. If the node is closest to the centroid 

in the form of various iterations, then nodes will form the new cluster. And also the CH finds the nearest BS for data 

transmission. 

Step (4)  
 When the clustering is done, recalculate the position of the centroids in each cluster. 

 Step (5) 

If they were change in the position of the centroid from the previous one. Then goes to step 2 otherwise the clusters are 

finalized and the clustering process ends. And establish the data transmission. 

 

D.V-LEACH ALGORITHM  

In LEACH protocol, the cluster contains member nodes and the Cluster Head. Suppose the cluster head does not have 

the sufficient energy to transmit the received data to the base station, the cluster head should be removed from that group. In 

this case the data of the particular cluster will not reach to Base station to overcome this problem V-LEACH is introduced. In v-

leach protocol, there are two CH in a cluster but only one is activated at a time. The cluster head node receives the send data by 

other nodes of the cluster and transmits it in the form of packet to the base station. The cluster head simultaneously received the 

data from the different nodes. So it loses its energy. Ones cluster head loses its energy, the transmission from cluster head to 

base station stops. To avoid this condition and to increase the lifetime of network even after when the cluster head is removed 

from this group, vice cluster head is also selected. 

The role of vice cluster head is to collect the data from its cluster and then send to another CH i.e vice cluster head in 

each cluster become cluster head when cluster head is removed. So this protocol overcomes the work of selecting the new 

cluster head every time when the CH is removed and the data will reach the base station continually. This will increase the 

network lifetime and to reduce the energy consumption multihop communication is used.  

 
 

Fig.4. V- Leach Protocol 
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E. LEACH-KANG PROTOCOL 

 

 The proposed concept consists of three phases like cluster creation phase, path construction phase, and data 

transmission phase. The cluster creation phase should be used to determine the cluster and cluster head. Also find the 

transmission path from the leaf node to the cluster head. If all the nodes create the cluster based on the energy level and it is 

fixed means it applies the LEACH-KANG algorithm.  

This algorithm should find the optimal and current solution for the process. The optimal solution finds the best and 

shortest path to transmit the data from the leaf nodes to the CH. And the current solution is used to provide the information 

about which path is available to the transmission other then the best path. If the optimal path is not available means it uses the 

current available path for the transmission. It uses the counter for counting number of nodes is present in between the 

transmission for finding the shortest distances. 

This method is to reduce the number of nodes communicating directly with the base station and data transmission 

distance of the CHs to BS and  it creates the chain between cluster heads; The mode of data transmission to BS, this 

transmission contain several jumps forming a chain connecting all the CHs using the optimal path between the nodes.  If 

all the cluster heads collects the information from the leaf nodes means it should be turn off after that moment the cluster head 

only activated in the remaining transmission period so the energy consumption level of the nodes is reduced. Then the collected 

information is transmitted from the Cluster head to the base station through the optimal path or current path available for the 

transmission. 

 

IV. RESULTS 

Here we have to compare the V-LEACH, K-Means and LEACH-KANG routing protocol by using the NS2 simulator 

and measure the energy required to transmit data from cluster head to the base station and remaining energy available in the 

transmission. And analysis the efficient routing protocol. Here X-axis represents the time and Y-axis represents the energy 

consumption. It shows the energy consumption of nodes at each instant of time from beginning of simulation to end of 

simulation. 

 

 
 

Fig.5. Comparison Graph For Energy Consumption 

 

Here X-axis represents the time and Y-axis represents the overhead. It shows the overhead of nodes at each instant of 

time from beginning of simulation to end of simulation.  
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Fig.6.Comparison Graph For Overhead 

 

 

Here X-axis represents the time and Y-axis represents the packet delivery ratio. It shows the packet delivery ratio of 

nodes at each instant of time from beginning of simulation to end of simulation.  

 
 

Fig.7.Comparison Graph For Packet Delivery Ratio 
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V. CONCLUSION 

In my work, we have implemented V-LEACH, K-Means and LEACH-KANG routing protocols for improving the 

energy efficiency in wireless sensor networks. The performance of V-LEACH and K-Means protocol is compared with the 

LEACH-KANG routing protocol. With simulation result, we observed that LEACH-KANG protocol is better than V-LEACH 

and K-Means clustering protocol in terms of energy consumption, packet delivery ratio and throughput. 
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