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Abstract— 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. Therefore a major requirement in 

research 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. 
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I. INTRODUCTION 

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. 

In general, routing in WSNs can be divided into 

flat-based routing, hierarchical-based routing, and location-

based routing depending on the network structure. In flat-

based routing, all nodes are typically assigned equal roles or 

functionality. In hierarchical-based routing, however, nodes 

will play different roles in the network. In location-based 

routing, sensor nodes' positions are exploited to route data in 

the network. A routing protocol is considered adaptive if 

certain system parameters can be controlled in order to adapt 

to the current network conditions and available energy 

levels. Furthermore, these protocols can be classified into 

multipath-based, query-based, negotiation-based, QoS-

based, or coherent-based routing techniques depending on 

the protocol operation. In addition to the above, routing 

protocols can be classified into three categories, namely, 

proactive, reactive, and hybrid protocols depending on how 

the source finds a route to the destination. In proactive 

protocols, all routes are computed before they are really 

needed, while in reactive protocols, routes are computed on 

demand. Hybrid protocols use a combination of these two 

ideas. When sensor nodes are static, it is preferable to have 

table driven routing protocols rather than using reactive 

protocols. A significant amount of energy is used in route 

discovery and setup of reactive protocols. Another class of 

routing protocols is called the cooperative routing protocols. 

In cooperative routing, nodes send data to a central node 

where data can be aggregated and may be subject to further 

processing, hence reducing route cost in terms of energy 

use. Many other protocols rely on timing and position 

information. 

II. DESIGN ISSUES IN WIRELESS SENSOR NETWORKS 

Despite the innumerable applications of WSNs, these 

networks have several restrictions, e.g., limited energy 

supply, limited computing power and limited bandwidth of 

the wireless links connecting sensor nodes. One of the main 

design goals of WSNs is to carry out data communication 

while trying to prolong the lifetime of the network and 

prevent connectivity degradation by employing aggressive 

energy management techniques. The design of routing 

protocols in WSNs is influenced by many challenging 

factors. These factors must be overcome before efficient 

communication can be achieved in WSNs. In the following, 

we summarize some of the routing challenges and design 

issues that affect routing process in WSNs. 

A. Node deployment:  

Node deployment in WSNs is application dependent and 

affects the performance of the routing protocol. The 

deployment can be either deterministic or randomized. In 

deterministic deployment, the sensors are manually placed 

and data is routed through pre-determined paths. However, 

in random node deployment, the sensor nodes are scattered 

randomly creating an infrastructure in an ad hoc manner. If 

the resultant distribution of nodes is not uniform, optimal 

clustering becomes necessary to allow connectivity and 

enable energy efficient network operation. Inter-sensor 

communication is normally within short transmission ranges 

due to energy and bandwidth limitations. Therefore, it is 

most likely that a route will consist of multiple wireless 

hops.  

B. Energy consumption without losing accuracy:  

Sensor nodes can use up their limited supply of energy 

performing computations and transmitting information in a 

wireless environment. As such, energy-conserving forms of 

communication and computation are essential. Sensor node 

lifetime shows a strong dependence on the battery lifetime. 

In a multipath WSN, each node plays a dual role as data 

sender and data router. The malfunctioning of some sensor 

nodes due to power failure can cause significant topological 

changes and might require rerouting of packets and 

reorganization of the network. 

C. Data Reporting Model:  

Data sensing and reporting in WSNs is dependent on the 

application and the time criticality of the data reporting. 

Data reporting can be categorized as either time-driven 

(continuous), event-driven, query-driven, and hybrid. The 

time-driven delivery model is suitable for applications that 
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require periodic data monitoring. As such, sensor nodes will 

periodically switch on their sensors and transmitters, sense 

the environment and transmit the data of interest at constant 

periodic time intervals. In event-driven and query-driven 

models, sensor nodes react immediately to sudden and 

drastic changes in the value of a sensed attribute due to the 

occurrence of a certain event or a query is generated by the 

BS. As such, these are well suited for time critical 

applications. A combination of the previous models is also 

possible. The routing protocol is highly influenced by the 

data reporting model with regard to energy consumption and 

route stability. 

D. Node/Link Heterogeneity:  

In many studies, all sensor nodes were assumed to be 

homogeneous, i.e., having equal capacity in terms of 

computation, communication, and power. However, 

depending on the application a sensor node can have 

different role or capability. The existence of heterogeneous 

set of sensors raises many technical issues related to data 

routing. For example, some applications might require a 

diverse mixture of sensors for monitoring temperature, 

pressure and humidity of the surrounding environment, 

detecting motion via acoustic signatures, and capturing the 

image or video tracking of moving objects.  

E. Fault Tolerance: 

 Some sensor nodes may fail or be blocked due to lack of 

power, physical damage, or environmental interference. The 

failure of sensor nodes should not affect the overall task of 

the sensor network. If many nodes fail, MAC and routing 

protocols must accommodate formation of new links and 

routes to the data collection base stations. This may require 

actively adjusting transmit powers and signaling rates on the 

existing links to reduce energy consumption, or rerouting 

packets through regions of the network where more energy 

is available. Therefore, multiple levels of redundancy may 

be needed in a fault-tolerant sensor network. 

F. Scalability:  

The number of sensor nodes deployed in the sensing area 

may be in the order of hundreds or thousands, or more. Any 

routing scheme must be able to work with this huge number 

of sensor nodes. In addition, sensor network routing 

protocols should be scalable enough to respond to events in 

the environment. Until an event occurs, most of the sensors 

can remain in the sleep state, with data from the few 

remaining sensors providing a coarse quality. 

G. Network Dynamics:  

Most of the network architectures assume that sensor nodes 

are stationary. However, mobility of both BS's or sensor 

nodes is sometimes necessary in many applications. Routing 

messages from or to moving nodes is more challenging 

since route stability becomes an important issue, in addition 

to energy, bandwidth etc. Moreover, the sensed 

phenomenon can be either dynamic or static depending on 

the application, e.g., it is dynamic in a target 

detection/tracking application, while it is static in forest 

monitoring for early fire prevention. Monitoring static 

events allows the network to work in a reactive mode, 

simply generating traffic when reporting. Dynamic events in 

most applications require periodic reporting and 

consequently generate significant traffic to be routed to the 

BS. 

H. Transmission Media:  

In a multi-hop sensor network, communicating nodes are 

linked by a wireless medium. The traditional problems 

associated with a wireless channel (e.g., fading, high error 

rate) may also affect the operation of the sensor network. In 

general, the required bandwidth of sensor data will be low, 

on the order of 1-100 kb/s. Related to the transmission 

media is the design of medium access control (MAC). One 

approach of MAC design for sensor networks is to use 

TDMA based protocols that conserve more energy 

compared to contention based protocols like CSMA (e.g., 

IEEE 802.11). Bluetooth technology can also be used. 

I. Connectivity:  

High node density in sensor networks precludes them from 

being completely isolated from each other. Therefore, sensor 

nodes are expected to be highly connected. This, however, 

may not prevent the network topology from being variable 

and the network size from being shrinking due to sensor 

node failures. In addition, connectivity depends on the, 

possibly random, distribution of nodes. 

J. Coverage:  

In WSNs, each sensor node obtains a certain view of the 

environment. A given sensor's view of the environment is 

limited both in range and in accuracy; it can only cover a 

limited physical area of the environment. Hence, area 

coverage is also an important design parameter in WSNs. 

K. Data Aggregation:  

Since sensor nodes may generate significant redundant data, 

similar packets from multiple nodes can be aggregated so 

that the number of transmissions is reduced. Data 

aggregation is the combination of data from different 

sources according to a certain aggregation function, e.g., 

duplicate suppression, minima, maxima and average. This 

technique has been used to achieve energy efficiency and 

data transfer optimization in a number of routing protocols.  

L. Quality of Service:  

In some applications, data should be delivered within a 

certain period of time from the moment it is sensed, 

otherwise the data will be useless. Therefore bounded 

latency for data delivery is another condition for time-

constrained applications. However, in many applications, 

conservation of energy, which is directly related to network 

lifetime, is considered relatively more important than the 

quality of data sent. As the energy gets depleted, the 

network may be required to reduce the quality of the results 

in order to reduce the energy dissipation in the nodes and 

hence lengthen the total network lifetime. Hence, energy-

aware routing protocols are required to capture this 

requirement. 

III. LITERATURE REVIEW 

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 
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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. 

 Heinzelman, et.al [1, 17] introduced Low Energy 

Adaptive Clustering Hierarchy (LEACH), a hierarchical 

protocol in which most nodes transmit to cluster heads, is 

presented.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. 

 But it has various shortcomings, mentioned as under: 

1. Cluster heads send aggregated data to base station in 

single hop manner so consumes lot of energy. 

2. Cluster heads are predefined typically taken as 5% or 

10% of total deployed nodes. 

3. Probability function T(n) doesn’t take residual energy 

of node while selecting cluster heads. 

4. It consists of rounds, while in each round, all sensor 

nodes take part in reconstructing new clusters and this 

consumes a lot of energy. 

5. Cluster size changes significantly as cluster heads are 

selected on random basis so the deployed nodes drain 

out their power unevenly which affects network 

connectivity , consequently lifetime of network. 

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. 

Yuh-Ren Tsai [13] proposed the coverage-

preserving routing protocols for randomly distributed 

WSNs, modified from the LEACH and the virtual grid 

routing protocols. Also, a CPCHSA algorithm is proposed 

for the cluster-head selection in these protocols. Different 

nodes are assigned different probabilities of being a cluster-

head, relating to the normalized effective sensing area of 

this node, in order to maximize the network sensing 

coverage. It is found that the proposed protocols outperform 

other baseline protocols in network sensing coverage with a 

gain of 20% in the middle phase. N. M. Abdul Latiff, C. C. 

Tsimenidis, B. S. Sharif [2] presented an energy-aware 

cluster based protocol for wireless sensor networks using 

particle swarm optimization (PSO) algorithm. They had 

defined a new cost function that takes into account the 

maximum distance between the non-cluster head node and 

its cluster head, and the remaining energy of cluster head 

candidates in the cluster head selection algorithm. Results 

from the simulations indicate that the proposed protocol 

using PSO algorithm gives a higher network lifetime and 

delivers more data to the base station compared to LEACH 

and LEACH-C.  

M. Bani Yassein, A. Al-zou'bi, Y. Khamayseh, W. 

Mardini [14] presented an overview of LEACH protocol 

implementations, then proposed a new version of LEACH 

protocol called V-LEACH protocol. From the simulation 

results, number of conclusions can be made. The first: 

number of messages created by the V-LEACH is less than 

the messages created by the original LEACH. The second: if 

messages created by the new version are less that means the 

network energy remaining using V-LEACH is more than the 

remaining network energy using the original LEACH. That 

means the new version of LEACH outperforms the original 

version of LEACH protocol. 

Ge Ran, Huazhong Zhang , Shulan Gong [7] 

presented a method based on the improvement of LEACH 

by using fuzzy logic and choosing battery level, distance 

and node density to be the attributes of the cluster heads 

selection. The method asks the nodes for more calculations 

and communications to get the data of the node density and 

the distance. The simulation result shows that the battery 

level plays a very important role in the selection of the 

cluster heads and our method makes a better decision of the 

cluster heads selection. 

H. Omranpour , A. Rahmanian, , M. Akbari, K. 

Raahemifar [5] presented an evolutionary algorithm to find 

optimum cluster heads and the best clustering in Wireless 

Sensor Network. In algorithm’s fitness function using of 

distances to power of two, because of the direct relationship 

between the used energy for data transfer in nodes and the 

distances to power of two. As seen before in experimental 

results of NS-2 simulator software, because of new 

representation method in comparison with Simulate 

Annealing our algorithm can perform better search in search 

space. By improving the search ability we increase Wireless 

Sensor Network lifetime. This is achieved by proper 

definition of selection, mutation and crossover operators, 

and also the type of survival selection. In contrast with 

simulated annealing, this algorithm passed local minimal 

and reached global minimal. In our future work we will use 

the directed crossover and new fitness function and also 

other search methods. 

Jia Yunjie, Liu Ming, Zhu Song, Dong Pengtao 

[15] proposed an improved routing algorithm LEACH-KED. 

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-KED have obvious 

advantages over LEACH and LEACH-C agreement in 

overall performance. 

Fuzhe Zhao, You Xu, and Ru Li [16] in their 

research article, presented an overview of the original 

LEACH and LEACH-C protocols is presented and a new 

version of hierarchical protocol is proposed. The proposed 

protocol obtains energy efficiency by the modification to 

choosing of cluster heads formula and the steady-state 

phase. The modification to the choosing of cluster heads 

formula makes the sensor nodes which have more energy 

and play less role in making the CH or VCH have more 

opportunity to act as CHs in the coming round. So the total 

energy of the whole network has more even distribution 

among different nodes. The introduction of VCH makes the 

frequency of re-clustering more lowly and prolongs the time 

of being in steady-state phase; thus the energy used for 

calculating the formula on every nodes reduces. Through the 

modification and simulation, we can conclude that our 

proposed protocol performs better than LEACH and 

LEACH-C protocols. 

Wei Li, Le Le Wang [3] presented the LEACH 

algorithm based considering the residual energy of each 

node in each round inconsistencies, selected path is not the 
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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. 

Kanwalnainpreet Kaur, Deepika Sharma [4] 

presented an improvement on LEACH protocol to enhance 

the network lifetime. They choose optimum number of 

Master Cluster Heads from variation cluster heads present in 

the network. The simulation results show that our proposed 

algorithm enhances the network lifetime as compare to the 

LEACH protocol. To minimize the load of the network, 

minimum number of cluster heads has been elected in each 

transmission round. The simulation results will show that 

our proposed protocol increases network lifetime. 

Nutan Sindhwani, Rohit Vaid [10] presented a new version 

of LEACH protocol called VLEACH which aims to reduce 

energy consumption within the wireless network. The 

proposed protocol uses simulation model. The simulation 

tool we used for the purpose is MATLAB (version 7.10). 

Simulation results show that the New Improved V LEACH 

routing protocol reduces energy consumption and increases 

the total lifetime of the WSN compared to the LEACH 

protocol. 

Stefanos A. Nikolidakis , Dionisis  Kandris , 

Dimitrios D. Vergados  and Christos Douligeris [12] 

presented  ECHERP, an energy efficient protocol for WSNs. 

ECHERP considers the current and the estimated future 

residual energy of the nodes, along with the number of 

rounds, that can be cluster heads in order to maximize the 

network lifetime. The protocol computes the energy 

consumed using the Gaussian elimination algorithm in order 

to minimize the overall network energy consumption at 

every single round.                

LEACH-C [1] (LEACH-Centralized) is proposed 

to solve such problem. LEACH-C protocol offers a 

configuration algorithm to perform efficient clustering. The 

efficient heads are selected based on the minimum 

exchanged data between cluster heads and their cluster 

nodes. In LEACH-C, during the setup phase, in each 

iteration the base station receives information about node 

state, node location and each node’s remaining energy. 

LEACH-C uses this information to calculate the mean value 

of network nodes energy, and then selects efficient cluster 

heads between nodes with higher energy level than mean 

energy value. In this thesis, we will use LEACH-C protocol 

to detect nodes that have an energy value higher than the 

average and then we will apply griding deployment area to 

select optimum cluster heads. 

Latest Meenakshi sharma and Kalpana sharma 

proposed an enhanced LEACH-C [9] 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 [9] 

will become the basis of our experimentation.   

IV. CONCLUSION 

All the aforementioned protocols try to minimize the energy 

consumption using different algorithms. These algorithms 

offer a good solution, since they select the node with the 

higher residual energy in the cluster as the cluster head for 

the next round. However, this does not assure the maximum 

prolongation of the overall network lifetime. Therefore, if 

the node with the highest residual energy is a node located at 

the side of the cluster, this can lead other nodes to spend 

considerable amounts of energy to reach that node, which 

cannot be energy efficient for the entire network. This is the 

reason we propose a protocol that solves the following two 

purposes: space equivalent distribution and energy 

equivalent distribution. 
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