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ABSTRACT 
Instead of various advantages of wireless sensor networks, 

there is always a constraint related to energy consumption 

resulting in reduced lifetime of a wireless sensor network. In 

this paper, an energy efficient algorithm is proposed 

considering allocation of boundary nodes, removing clashes 

among clusters while distributing nodes thereby reducing 

overall energy consumption in the network as compared to 

LEACH  (Low energy adaptive clustering hierarchy)and EE-

LEACH-MIMO (Energy Efficient LEACH multiple-input- 

multi-output) schemes. The selection of the cluster head is 

done on the basis of residual energy of nodes in a cluster as 

done in LEACH. The simulation results shows that the 

proposed algorithm is more energy efficient and works for 

longer time period. 
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1. INTRODUCTION 
A wireless sensor network is an outstanding technology which 

is growing day by day to meet the present era demands even 

in harsh environments. The wireless sensor networks can 

work more efficiently in harsh areas but the network lifetime 

is very much limited. So, routing in an efficient manner is the 

best alternative in order to increase the network lifetime 

considerably. Hence, it is necessary to design energy efficient 

routing protocols for wireless sensor networks [1-3]. 

Clustering is one of the various effective techniques used in 

wireless sensor networks to reduce energy consumption of the 

overall network. One of the well-known cluster based routing 

protocol is LEACH in which cluster formation is followed by 

cluster head selection. But LEACH suffers from various 

disadvantages which are improved to a great extent in EE-

LEACH, LEACH-MIMO, EE-LEACH-MIMO, etc. in terms 

of energy efficiency and network lifetime [4]. The EE-

LEACH protocol considers the residual energy and location of 

sensor nodes while selecting cluster heads. In the base paper,                                                                                                                                          

author has combined the EE-LEACH protocol with MIMO 

technology in order to enhance the network lifetime. In this 

scheme, there is direct communication between member                                                                                                                    

nodes and cluster heads and then cluster head transmits the 

data in single hop consuming comparatively more energy [5-

9]. 

In this paper, an energy efficient algorithm is proposed in 

which sensor nodes present at the boundary of two clusters are 

placed in a single cluster removing them from the another in 

such a way that the overall energy of the cluster and the 

network get reduced and the network remains balanced. The 

boundary nodes are put in a particular cluster depending upon 

the weighted sum metric of the clashing clusters. Finally, the 

clash among clusters is reduced and redundancy due to nodes 

lying on the boundary in the network is also removed. The 

overall description of the algorithm is described in following 

sections. 

2. PROPOSED ALGORITHM 
In this section an energy efficient routing algorithm is 

proposed. In the beginning N nodes are deployed randomly in 

different sectors using expression 2π/K opt. The sink is placed 

outside the monitoring area. The various steps included in this 

algorithm are as follows: 

2.1 Partitioning of Monitoring Area into 

Sectors: Cluster Formation 
The whole monitoring area is partitioned in optimal number 

of sectors known as clusters given by the expression discussed 

above. After sectoring nodes are deployed randomly in the 

whole area. Dividing area into optimal clusters can save 

energy as well as enhance network lifetime also. 

2.2 Prediction of nodes falling into two 

clusters 
The next step of the algorithm is to find out the nodes which 

lie on the boundary of two clusters and can be treated as part 

of both the clusters thereby introducing redundancy in the 

node distribution. This situation is shown in Fig.1. 

 

        Fig.1 Clash among Clusters for the Boundary Nodes 

2.3 Removal of clash for nodes among 

clusters 
After predicting the nodes falling in two clusters, the next task 

is to place those nodes in a cluster in which overall energy 

consumption is less as compared to the another one which is 

clashing. Applying weighted sum metric, finally the clashing 

node is placed in that cluster for which its weighted sum is 

found higher. Also, the same redundant node present in the 
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other cluster is removed simultaneously. This can be seen in 

Fig.2 

 

Fig. 2 Removal of clashes among clusters 

2.4 Cluster Head Selection 
In this step, a node with more residual energy is chosen as 

cluster head. Initially, all the nodes have almost same 

energies. As the number of rounds increase consecutively, the 

residual energy of nodes start decreasing considerably. Also, a 

threshold level is decided so as to choose cluster head meeting 

the necessary energy requirements. The packets from various 

nodes are collected by cluster head using basic distance 

formula and finally the aggregated packets are forwarded to 

the sink. The threshold level b_th decided for a node to 

become cluster head is given as  

b_th=packet_size * (Etx_elec + (Eamp * field_area) … (1) 

 

3. CALCULATION OF ENERGY 

CONSUMPTION 
The equations for calculating energy required for transmission 

and reception are same as taken in base paper [5]. The energy 

consumed for transmitting a one-bit message by the 

transmitter at a distance d is given as Tx_e , 

Tx_e = packet_size * (Etx_elex + ( Eamp * d))      ……. (2) 

Similarly, the receiving same message packet is given as 

Rx_e, 

Rx_e = packet size * (Erx_elec)                         ……… (3) 

Where Etx_elec is transmitter circuit energy consumption per 

bit and Erx_elec is receiver circuit energy consumption per 

bit. Eamp refers to the effect of amplifier. 

4. SIMULATION AND ANALYSIS 
The analysis of energy efficiency is done in reference to EE-

LEACH-MIMO. To evaluate the network lifetime, we 

consider the number of nodes still alive with the number of 

rounds. The value of EMt is taken as same for different Mt. 

The Kopt is taken as 5 in our system parameters. The various 

simulation parameters are given in Table.1 

Table 1. Simulation Parameters 

Parameter Value 

Area of Network 100 x 100 

Number of Nodes 100 

Packet Size 2000bit 

Position of sink (50, 175) 

Initial Energy 0.5J 

Etx_elec 50nJ/bit 

Erx_elec 50nJ/bit 

Eamp 100pJ/bit/m2 

Mt 2 

Kopt 5 

Frequency 2.5GHz 

dmax 10m 

 

The Table. 2 and Fig. 3 shows simulation results. The Table. 2 

shows First Node Dies (FND), Half Nodes Die (HND) and 

Last Node Dies (LND) for LEACH, EE-LEACH, LEACH 

MIMO and EE-LEACH-MIMO along with proposed scheme 

respectively. Comparing the proposed scheme with the 

existing ones, it is evident that the network works 

considerably for a longer time and as all the nodes remain 

alive for a greater period, so the network is well balanced. 

Table 2. FND, HND and LND for each scheme 

 
FND HND LND 

LEACH* 571 889 1094 

EE-LEACH* 932 1119 1374 

LEACH-MIMO* 758 1080 1276 

EE-LEACH-

MIMO* 
1040 1274 1342 

PROPOSED 2473 2486 2506 

 (* marked readings are taken as reference from base paper for 

comparing the proposed results) 

The Fig.3 shows the possible outcomes of all the existing 

schemes along with the proposed scheme. The network 

lifetime is much higher and hence is more efficient in 

comparison to others. This is due to even distribution of nodes 

as well as cluster heads which results in a well-balanced 

network. The curve of the proposed algorithm decays with 

clear steps, and is steep to a great extent which means that the 

consumption of energy among nodes in the network is quite 

balanced, thereby resulting in increased lifetime of network. 

  

Fig. 3 The profile of network lifetime for each scheme 
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5. CONCLUSION 
The proposed scheme is simulated in MATLAB. In this paper, 

the redundancy introduced by the nodes lying on the boundary 

of two clusters is removed and hence the overall energy 

consumption of the network is reduced to a great extent. The 

network lifetime profile clearly shows that the proposed 

scheme has increased the lifetime of the wireless sensor 

network considerably in comparison to the previous existing 

schemes.  
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