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Abstract— Lifetime maximization: Energy/Power 

Consumption of the sensing device should be minimized 

and sensor nodes should be energy efficient since their 

limited energy resource determines their lifetime. To 

conserve power the node should shut off the radio power 

supply when not in use. We have measured performance of 

three algorithms in these experiments. Parameters for 

performance measurements are Residual Energy, Dead 

Nodes, Packets sent to BS. These parameters are shown in 

above figures and are plotted against number of rounds. If 

we consider residual energy and total number of rounds then 

LEACH-C and the grid based LEACH-C perform better 

than random LEACH. The residual energy at the end of total 

number of round shows that LEACH-C and the grid based 

LEACH-C most uniformly distributed energy dissipation 

among nodes and LEACH performs. For network 

integration or dead nodes criterion both algorithms perform 

far better than other algorithms. For number of packets sent 

to BS criterion the grid based LEACH-C performs better 

than other algorithms. 
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I. INTRODUCTION 

Wireless sensor networks (WSNs) consist of spatially 

distributed autonomous sensors with sensing, computation 

and wireless communications capabilities. The WSN 

comprises of "nodes" ranging from few to several hundreds 

or even thousands and each node is connected to one (or 

sometimes several) other sensors. Sensor nodes are usually 

scattered in a sensor field which is an area where the sensor 

nodes are deployed. Sensor nodes coordinate among 

themselves to produce high-quality information about the 

physical environment. Each sensor node bases its decisions 

on its mission, the information it currently has, and its 

knowledge of its computing, communication, and energy 

resources. Each of these scattered sensor nodes has the 

capability to collect and route data either to other sensors or 

back to an external base station(s). A base-station may be a 

fixed node or a mobile node capable of connecting the 

sensor network to an existing communications infrastructure 

or to the Internet where a user can have access to the 

reported data. 

One of the challenges in a WSN is to produce low 

cost and tiny sensor nodes. In many applications, a WSN 

communicates with a Local Area Network or Wide Area 

Network through a gateway. The Gateway acts as a bridge 

between the WSN and the other network. This enables data 

to be stored and processed by device with more resources, 

for example, in a remotely located server. Energy is the 

scarcest resource of WSN nodes and it determines the 

lifetime of WSNs. WSNs are meant to be deployed in large 

numbers in various environments, including remote and 

hostile regions, where ad hoc communications are a key 

component. For this reason, algorithms and protocols need 

to address the following issues: 

1) Lifetime maximization 

2) Tolerance to fault 

3) Self-configuration 

4) Robustness 

II. RELATED WORKS 

There exists a considerable research effort for the 

development of routing protocols in WSNs. The 

development of these protocols is based on the particular 

application needs and the architecture of the network. 

However, there are several factors that should be taken into 

consideration when developing routing protocols for WSNs. 

Energy efficiency is the most important among these factors, 

since it directly affects the lifetime of the network. There 

have been a few efforts in the literature pursuing energy 

efficiency in WSNs. 

LEACH is the simplest hierarchical protocol which 

possesses clustering approach. It is a protocol that tends to 

reduce energy consumption in a WSN. However, LEACH 

uses single-hop routing in which each sensor node transmits 

information directly to the cluster-head or the sink. 

Therefore, it is not recommended for networks that are 

deployed in large regions. In LEACH, a node becomes a 

cluster-head using a stochastic mechanism. This is prone to 

producing unbalanced energy level reserves in nodes and, 

thus, to increasing the total energy dissipated in the network. 

In PEGASIS, the cluster head selection does not take into 

consideration neither the residual energy of the nodes or the 

location of the base station. PEGASIS has better 

performance compared to LEACH, but the nodes are 

grouped into chains that cause redundant data transmissions. 

Threshold Sensitive Energy Efficient Senor Network 

Protocol (TEEN) is a hierarchical protocol designed for 

sudden changes in the sensed environment. The response of 

the network in time-critical applications is extremely 

import0ant, obliging the network to operate in a reactive 

mode. The sensor network architecture in TEEN is based on 

hierarchical grouping. The nodes close to upper level 

clusters are used to transfer data from other nodes that are 

further away, a process that goes on the next level cluster 

until the sink is reached. The main advantage of TEEN is 

that it works well in conditions where sudden changes in the 

sensed attributes occur. On the other hand, in large area 

networks and when the number of layers in the hierarchy is 

small, TEEN tends to consume considerable amounts of 

energy, because of long distance transmissions. Moreover, 

when the number of layers increases, the transmissions 

become shorter and there exists a considerable overhead in 

the setup phase, as well as the operation of the network.  

Heinzelman et.al [2] introduced Low Energy 

Adaptive Clustering Hierarchy (LEACH), a hierarchical 

protocol in which most nodes transmit to cluster heads, is 

presented. The operation of LEACH consists of two phases: 

1) The Setup Phase: In the setup phase, the clusters are 

organized and the cluster heads are selected. In every 

round, a stochastic algorithm is used by each node to 

determine whether it will become a cluster head. If a 



A Grid Based LEACH-C Algorithm for Energy Efficient Routing in WSN 

 (IJSRD/Vol. 3/Issue 04/2015/200) 

 

 All rights reserved by www.ijsrd.com 833 

node becomes a cluster head once, it cannot become 

a cluster head again for P rounds, where P is the 

desired percentage of cluster heads. 

2) The Steady State Phase: In the steady state phase, the 

data is sent to the base station. The duration of the 

steady state phase is longer than the duration of the 

setup phase in order to minimize overhead. 

LEACH is a protocol that tends to reduce energy 

consumption in a WSN. However, LEACH uses single-hop 

routing in which each sensor node transmits information 

directly to the cluster-head or the sink. Therefore, it is not 

recommended for networks that are deployed in large 

regions. Since LEACH has many drawbacks, various 

improvements have been done to use the node energy 

effectively, minimize the energy consumption of node and 

maximize the network lifetime in recent years. 

 Jia Yunjie, Liu Ming, Zhu Song, Dong Pengtao [3] 

proposed an improved routing algorithm LEACH-C. This 

algorithm improves performance of the network by the 

optimal number of cluster head and the mechanism of 

cluster head selection, making node energy consumption 

reduced and extending the network life cycle. The 

simulation results show that LEACH-C have obvious 

advantages over LEACH and LEACH-C [2] agreement in 

overall performance. 

 Firuzbakht, A. R., Bouyer [4] presented LEACH 

protocol, some of its modified versions and finally puts 

forward a new version of LEACH called Energy Efficient 

Extended LEACH (EEE LEACH) protocol. This new 

version of LEACH protocol establishes multilevel clustering 

approach to minimize communication distance between 

nodes and introduces Master Cluster Heads along with 

Cluster Heads. Simulation has been done in MATLAB and 

simulation results show that EEE LEACH is more energy-

efficient than LEACH protocol. 

Wang [5] presented the LEACH algorithm based 

considering the residual energy of each node in each round 

inconsistencies, selected path is not the most energy-

efficient path and proposed the concept of the energy 

threshold and distance factor, energy threshold and distance 

factors to determine the preferred cluster head collection 

selected on the basis of the cluster head node. Optimization 

algorithm selected by the head of such a cluster, and extends 

the network lifetime, improve node energy utilization. 

III. PROBLEM FORMULATION 

LEACH is the simplest hierarchical protocol which 

possesses clustering approach. It is a protocol that tends to 

reduce energy consumption in a WSN. However, LEACH 

uses single-hop routing in which each sensor node transmits 

information directly to the cluster-head or the sink. 

Therefore, it is not recommended for networks that are 

deployed in large regions. In this algorithm, a node becomes 

a cluster-head using a stochastic mechanism. This is prone 

to producing unbalanced energy level reserves in nodes and 

thus, to increasing the total energy dissipated in the network. 

This research is inspired by the fact that LEACH occupies a 

very important position in the area of wireless sensor 

networks. Most of the hierarchical routing algorithms, 

aiming to prolonging network lifetime, have been derived 

from the LEACH. In WSNs, sensing, computation and 

communication are three parameters that consume power. 

Minimizing the communication cost is the primary concern 

while sensing and computation parameters are secondary 

objectives in designing such networks. This is because 

communication cost is higher than sensing and computation 

costs. Hence the main objective of the current work is 

minimizing the communication cost by appropriate cluster-

head node election. 

 In hierarchical routing protocols, cluster heads 

consume more energy since they are in charge of data 

aggregation as well as communications inside and outside of 

the cluster. The secondary objective of this work is to 

achieve a network with an optimum number of cluster heads 

at each round of data transmission. Although the focus of 

this work is on clustering, there are other techniques for 

reducing energy consumption such as topology control. A 

requirement in some algorithms for clustering is that the 

location of the base station should remain at a specific 

distance from the field. The final objective of this thesis is to 

develop a new method for the visualization of the residual 

energy data of WSN nodes to aid users in understanding the 

energy levels of WSN nodes deployed across the field. 

Latest Meenakshi sharma and Kalpana sharma 

proposed an enhanced LEACH-C [1] for energy efficiency. 

They introduced the concept of multiple cluster hierarchy to 

increase the efficiency of LEACH-C. Although we are not 

going to implement multi cluster concept in this dissertation 

but the idea of implementation and network and energy 

model we have taken from this paper. So paper [1] and [2] 

will become the basis of our experimentation.  Upto some 

extent LEACH-C is able to solve energy equidistribution, 

but it still lack spatial equidistribution in allocating CH. We 

propose to use grids for equi space distribution. Each grid 

will allocate one CH having the largest energy in that 

particular grid. 

Various parameters to be considered to achieve the above 

said goals include: 

1) Energy conservation 

2) Transmission of sufficient amount of packets 

within the network. 

3) Disintegration of network should not be fast. 

IV. METHODOLOGY 

Several Energy efficient self-organization and initialization 

protocols are developed for increasing the efficiency of 

WSN. Each node has a transmit power control and an omni-

directional antenna, and therefore can adjust the area of 

coverage with its wireless transmission. Typically, sensor 

nodes collect audio, seismic, and other types of data and 

collaborate to perform a high-level task in a sensor web. For 

example, a sensor network can be used for detecting the 

presence of potential threats in a military conflict. Most of 

battery energy is consumed by receiving and transmitting 

data. If all sensor nodes transmit data directly to the BS, the 

furthest node from BS will die early. On the other hand, 

among sensor nodes transmitting data through multiple 

hops, node closest to the BS tends to die early, leaving some 

network areas completely unmonitored and causing network 

partition.  

To simulate LEACH, we have used random 80-

node networks for our simulations with similar parameters 

used in [2]. We placed the BS at a far distance from all other 

nodes. For a 50m x 50m plot, our BS is located at (25,100) 



A Grid Based LEACH-C Algorithm for Energy Efficient Routing in WSN 

 (IJSRD/Vol. 3/Issue 04/2015/200) 

 

 All rights reserved by www.ijsrd.com 834 

so that the BS is at least 50m from the closest sensor node. 

We use the same energy model as discussed in [2] which is 

the first order radio model. In this model, a radio dissipates 

Eelec = 50 nJ/bit to run the transmitter or receiver circuitry 

and Eamp = 100 pJ/bit/m2 for the transmitter amplifier. The 

radios have power control and can expend the minimum 

required energy to reach the intended recipients. The radios 

can be turned off to avoid receiving unintended 

transmissions. 

The changes made in the set-up phase and the 

steady state phase of LEACH protocol in GRIDLESS 

LEACH-C, GRIDBASED LEACH-C and our proposed 

protocol is summarized below: 

 

Fig. 1: Grid based LEACH-C 

 GRID BASED LEACH-C 

A. Set-up Phase: 

During setup phase, the sensor area is divided into grids. 

Depending on the size of the network and no. of sensor 

nodes, the sensor area can b divided into M x N or M x M 

matrix as required. After fixing the area into grids, LEACH-

C algorithm is computed for each grid to find the CH of the 

respective grid. In this way the CH will be seeded at the grid 

centres in order to organise equidistant clusters. 

B. Steady State Phase: 

Proposed Protocol’s steady state phase is identical to that of 

LEACH-C. 

V. RESULT AND DISCUSSION 

In order to check the performance of the proposed protocol 

in terms of its efficiency , there are different metrics to be 

used. The metrics that we selected for performance 

evaluation are as follows: 

1) No. of rounds 

2) Packet sent to BS 

3) Energy 

4) No. of dead nodes 

The performance of the proposed  protocol is 

evaluated and compared with existing  LEACH, LEACH-C 

and grided LEACH-C  in terms no. of rounds, packet sent to 

the BS, Energy and no. of dead nodes.  Some significant 

results are as follows: 

1) Number of rounds increased as compared to LEACH, 

LEACH-C and grided LEACH-C.  

2) Packets sent to the Base Station improved in 

comparison to LEACH and LEACH-C. 

3) The dwindle in energy (sum of energies of nodes) of 

the system improved. Energy at the end of all rounds 

is maximum in case of our propose protocol as 

compared to LEACH, LEACH-C and grided 

LEACH-C. 

4) 75 out of 100 nodes died at the end of 1813 rounds in 

our proposed protocol. However 75 nodes died at 

round 560 and 1164 rounds of LEACH and LEACH-

C respectively. It shows that nodes are available for 

communication for more number of rounds. 

 The results of simulation is summarised in the table 

below: 

Name of the Protocol Round Packet to BS Energy(J) 
Dead nodes 

Node Round 

Grid based LEACH-C 1813 16326 

Start: 50 1st 307 

End: 6.72 50th 1334 

 75th 1813 

LEACH-C 1164 11546 

Start: 49.9 1st 1126 

End: 4.78 50th 1158 

 75th 1164 

LEACH 560 10090 

Start: 49.9 1st 99 

End: 7.79 50th 329 

 75th 560 

Table 2: Comparative Results of protocols- LEACH-C, grid based LEACH-C 
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In the table 1, it is clearly shown that grided 

LEACH-C perform far better as compared to random 

LEACH and marginally better as compared to LEACH-C 

for each and every criterion. The grided LEACH-C 

algorithm performs nearly three times better than random 

LEACH and as compared to max energy LEACH or 

LEACH-C performance is nearly 40%.   

If we consider a network, dead if 50% nodes are 

dead then grided LEACH and LEACH-C are performing 

better than random LEACH. Random LEACH has 

performed worst in every situation. If we consider 75% node 

criterion for network life then again the grided LEACH-C 

performs better than other two algorithms. If we compare 

the number of dead nodes as per our simulation results 

LEACH-C and the gided LEACH-C perform better, but 

there nodes once start dying accelerates network decay very 

fast  

If we consider no of packets sent to BS then the 

grided LEACH-C is clear winner. Later has sent highest 

number of packets to BS but if we consider the ratio 

between packet sent and no. of rounds performed by the 

algorithm then Max Energy LEACH is also comparable. 

This can be confirmed by the figures 4.2 which show the 

comparative analysis of three simulated algorithms for three 

different criteria.   

 

Fig. 2: Graphical Representation of Result of Simulation of Three Protocols 

VI. CONCLUSION AND FUTURE RESEARCH DIRECTION 

We have measured performance of three algorithms in these 

experiments. Parameters for performance measurements are 

Residual Energy, Dead Nodes, Packets sent to BS. These 

parameters are shown in above figures and are plotted 

against number of rounds. If we consider residual energy 

and total number of rounds then LEACH-C and the grid 

based LEACH-C perform better than random LEACH. The 

residual energy at the end of total number of round shows 

that LEACH-C and the grid based LEACH-C most 

uniformly distributed energy dissipation among nodes and 

LEACH performs. For network integration or dead nodes 

criterion both algorithms perform far better than other 

algorithms. For number of packets sent to BS criterion the 

grid based LEACH-C performs better than other algorithms. 
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