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Abstract— Wireless sensor networks are usedin various 

applications such as automation, security, agriculture etc. In 

this paper we propose the optimization of energy in the 

wireless sensor network (WSN) that is used for wide range 

and that will be done by using the cluster based routing 

technique. This technique provides help in energy 

optimization. We introduce the set of clusters, head set for 

this routing technique. The head set member have the 

control and management over the network. The head set 

members are worked as the mediator in the transmission of 

information. The number of head set members can be 

symmetrically adjusted to reduce the energy consumption in 

the wireless sensor network and increase the network life 

time.  
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I. INTRODUCTION 

Consider a wireless network made up of sensing nodes that 

are used to monitor the various entity such as temperature, 

pressure, humidity, metallic object mobility etc.[1] The 

wireless sensor network (WSN) can be deployed in a wide 

geographical area to monitor such physical phenomenon. 

Due to large size of the network the energy efficient 

protocol must be used for limited power supply.  The 

wireless protocols are different form the traditional 

protocols. Instead of address based point to point 

communication the routing decisions are data centric in 

WSN.    

The core operations of wireless sensor network is 

collect data and processes it at the sensor nodes and transmit 

the necessary data to the distant base station for further 

processing[4]. In the recent time there are several energy 

efficient protocols used those are design for specific 

applications. The routing algorithm used in this paper is 

applicable for monitoring the widespread sensors which are 

at a large distance from the base station. The data is 

transmitted through the head set members present in the 

network. In this paper we proposed a self-organized cluster 

based approach for monitoring the applications.The data 

collection area is randomly divided into several clusters. For 

a particular cluster a cluster head is assign randomly based 

on low energy adaptive clustering hierarchy (LEACH).[2,3] 

The data collection is based on time division multiple access 

(TDMA). The sensor node transmits data to the cluster head 

which aggregate the data and transmit that aggregated data 

to the distant base station. The transmission of data is based 

on the short distance and long distance energy consumption 

model. Since the energy required for long distance is greater 

than the energy required for short distance. The cluster 

based routing introduces two terms one is election phase and 

another one is data transfer phase. These terms will be 

elaborate later. The improvement in the life time of the 

network is based on the cluster head selection that optimizes 

communication.The two basic tasks in WSN computation 

and communication. It is found in research that 

communication task consumes more energy than the other 

one [5] hence optimizing the communication is the key task 

in energy saving in WSN. The life time of a network is the 

time at which the first node runs out of its energy. [6]   

II. SYSTEM MODEL 

The wireless sensor network consists of sensing node, 

cluster head and base station. These are the main component 

of a wireless sensor network. In this paper we proposed a 

term head set that would be utilize to optimize the energy of 

a wide range distributed network. In the network the sensing 

node is distributed randomly as shown in Figure 1. 

 
Fig.1: 

If the base station is at distant location than data is collected 

by the cluster head present in the network 

III. LEACH PROTOCOL 

LEACH[7,8] is one of the most important cluster based 

routing protocol for WSNs. LEACH reduce  energy 

dissipation by dividing WSNs into clusters to reduce the 

number of messages and prevent the direct communication 

between the micro-sensor and base station [8] and the data 

aggregation can exclude a lot of redundant data to decrease 

the communication load on the channel (CH) node. The CH 

node’s energy is rapidly exhausted because it has to process 

more work than other nodes. The operation of LEACH is 

divided into two round each round consist of two phases: the 

setup phase and steady-state phase 

A. The Setup Phase 

Step 1: Cluster-head selection  

 During this step, each candidate node selects a random 

number between 0 and 1 (e.g. 0.05) and compares it with a 
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calculation threshold value Pt(n). If the random number is 

lower than the  threshold value Pt(n), then that candidate 

node will become the CH in the current round. 

(1) 

Where k is the where k is the probability value or desired 

percentage of the candidate node that wants to become the 

CH, r indicates the current round in the network; Gt(n) is the 

set of nodes, in which it was determined that node n was not 

a CH in the most recent 1/k rounds, and Pt(n) is the 

threshold probability value for candidate node n to become a 

CH at round r in time t. Equation (1) guarantees that some 

CHs in the most recent 1/k rounds will not be CH in the 

current round. The node immediately announces its CH 

status to its neighbour nodes by broadcasting a cluster head-

advertisement message. 

Step 2: Cluster Formation 

The non-CH nodes receive the head-advertisement message 

broadcast from the CH and send the join-cluster message to 

the CH for which it has the received signal strength. The 

join-cluster message transmission contains the node’s ID 

and the CH’s ID. So the complete clustering model of 

LEACH is shown in Figure 2. 

 
Fig. 2: Clustering model of LEACH 

IV. RADIO COMMUNICATION MODEL 

We use a radio communication model to describe the 

transmission between the micro-sensor to CH and CH to 

base station (BS). The shorter distance transmission such as 

within the cluster, the energy consumed by a transmit 

amplifier is smaller than the longer distance such as CH to 

BS. The energy required for shorter distance is given by 

 
This is the energy consumed to transmit 1-bit message for 

short distance. Where the energy consumed to transmit 1-bit 

message is given by 

 
Moreover, the energy consumed to receive 1-bit message is 

given by 

 
Where d is the distance and the constant used in the radio 

model is given in the Table 1. 

Description Symbol Value 

Energy consumed by amplifier 

to transmit at a short distance 
   10pJ/bit/   

Energy consumed by amplifier 

to transmit at a long distance 
   0.0013pJ/bit/   

Energy consumed in 

Electronic circuit to transmit 

or receive the signal 
   50nJ/bit 

Energy consumed for beam 

forming 
    5nJ/bit 

Table 1.Simple parameter value for radio communication 

model 

A. Election Phase 

There are n number of node in the WSN and the optimum 

number of clusters is given by k. all nodes are assumed to 

have same power in beginning and the power consumed by 

each cluster is same. At the start of election phase the BS 

select a given number of cluster heads. First, the cluster 

heads broadcast messages to all sensors around it. Second, 

the sensor receives messages from one or more cluster heads 

and chooses their cluster head based on signal strength. 

Third, the sensor transmits their decision to their 

corresponding cluster head. Fourth, the cluster heads receive 

messages from their sensor nodes. For each cluster, the 

corresponding cluster chooses a set of m associates, based 

on signal analysis.if the network has n node and optimum 

number of cluster is k. for uniformly distributed network 

having 
 

 
 nodes the energy consumed by the cluster head is 

given by 

 
This energy consumption is based on short distance 

transmission. 

B. Data Transfer Phase 

Once the cluster head nodes are formed, the cluster head 

node must keep its radio on to collect data form its sensing 

node in the cluster. The all head set member share the same 

time slot to transmit their frames. The transfer is based in 

time division multiple access. The energy consumed by the 

cluster head to transmit per frame to the distant BS, is given 

by 

 
This energy consumption is based on long distance 

transmission. 

V. TIME FOR ITERATION 

The required time for iteration can be given by 

 
Where    and     are the data transfer rate and number of 

frame transmitted in one iteration respectively. 

VI. THE OPTIMUM NUMBER OF CLUSTERS 

The optimum value of k for minimum energy dissipation for 

one frame is given by 
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Where M is the diameter of theuniformly distributed 

network. The variation of optimum number of clusters k 

with respect to the head set size m is given by 

 
Fig. 3: 

Where the base station is at d=180m and the number of 

nodes n=1000. The variation in optimum number of cluster 

with respect to distance is given by 

 
Fig. 4: 

This graph shows the variation between the optimum 

number of cluster and distance with the network diameter 

M=100m.The variation in energy with respect to the 

optimum number of cluster is given by 

 
Fig. 5: 

The variation in time for iteration with respect to the 

optimum number of cluster is given by 

 

VII. CONCLUSIONS 

It is clear that the energy consumption can be symmetrically 

decreased by increasing the number of sensor in the head 

set. For the same number of nodes in a network can be 

adjusted according to requirement. In this paper we consider 

a symmetrical network but for other configuration the 

network performance can be changed.  
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