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Abstract— At present routing in routing in WSNs is a hot 

research topic, with a limited but rapidly growing set of 

efforts being published? We considered a comparison of the 

routing protocols discussed in the paper in terms of 

clustering manner, intra-cluster topology, cluster head 

selection. Although the performances of these protocols are 

encouraging for improving scalability of large-scale WSNs, 

some issues remain to be considered. These can be 

effectively used in clustering of nodes in WSN environment 

where equi-distribution of space and energy are the real 

concerns for enhancing the lifetime of network. Embedding 

these algorithms in the routing design is desirable. 
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I. INTRODUCTION 

Wireless sensor networks (WSNs) uses a number of cheap 

but limited energy sensor nodes having data processing and 

wireless communication capabilities. Raw data is collected 

by sensor nodes and then on-board processor may 

manipulate this as desired. These nodes gather 

environmental data such as humidity, temperature, sound 

etc. and send it to special nodes referred to as sink nodes 

also called base station. This data is analyzed further to 

produce useful results. The performance of a WSN is 

limited by battery power, low computing capacity, short 

wireless transmission range and hostile environments. 

Wireless sensor nodes should be capable of not only 

gathering, measuring and sensing data, but also storing, 

processing, and transferring these data. Many techniques 

have been proposed for disseminating sensing data. 

However, most of them are not efficient in the scenarios 

where a huge amount of sensing data are generated, but only 

a small portion of them are queried.  

In WSNs, all nodes are fed by a small battery 

making energy saving as primary goal in designing network 

structure with an objective of maximizing network lifetime 

as it is impractical to change or replace exhausted batteries. 

In fact, there are two competing objectives in the design of 

WSNs. The first objective is the capability to exchange large 

amount of data between the nodes and the base station. The 

second constraining objective is minimizing the energy 

consumption. The two competing objectives reveal the 

importance of efficient routing protocol in WSNs. 

Therefore, many routing algorithms have been proposed due 

to the challenges in designing an energy efficient network. 

Among all the proposed methods, hierarchical routing 

protocols greatly satisfy the limitations and constraints in 

WSNs. Hierarchical routing protocols, also known as 

cluster-based routing, is mainly considered as a two layer 

architecture where one layer is engaged in cluster head 

selection and the other layer is responsible for routing. A 

cluster head (CH) in hierarchical routing is the node which 

is responsible for collecting data from other nodes in the 

cluster, aggregating all data and sending the aggregated data 

to the base station.  

LEACH (Low Energy Adaptive Clustering 

Hierarchy) is one of the most important protocols and first 

proposed by Wendi B. Heinzelman of MIT in 2002 [5]. It is 

a clustering-based protocol that utilizes randomized rotation 

of local cluster base station (CH) to evenly distribute the 

energy load among the sensors in the network. The LEACH 

protocol uses localized coordination to enable scalability 

and robustness for dynamic networks, and incorporates data 

fusion into the routing protocol to reduce the amount of 

information that must be transmitted to base station. It 

rearranges the network’s clustering dynamically and 

periodically, making it difficult for us to rely on long lasting 

node-to-node trust relationships to make the protocol secure. 

It also assumes that every node can directly reach a base 

station by transmitting with sufficiently high power. 

II. ROUTING CHALLANGES IN WSN 

WSNs have several restrictions/constraints, e.g., limited 

energy supply, limited computing power and limited 

bandwidth of the wireless links connecting sensor nodes. 

One of the main issues in 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. These factors 

should be overcome for efficient communication 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 is application dependent and it affects the 

performance of the routing protocol. The deployment can be 

done in deterministic manner or it can be randomized. In 

deterministic deployment, the sensors nodes are manually 

deployed and data is routed through pre-determined paths. 

In random node deployment, the sensor nodes are scattered 

randomly 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.  

 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. 
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B. 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 

require periodic data monitoring.  In event-driven and 

query-driven models, sensor nodes react immediately to 

sudden and drastic changes in the value of a sensed attribute. 

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. 

C. 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. These special 

sensors can be either deployed independently or the 

different functionalities can be included in the same sensor 

nodes. Even data reading and reporting can be generated 

from these sensors at different rates, subject to diverse 

quality of service constraints, and can follow multiple data 

reporting models. For example, hierarchical protocols 

designate a cluster-head node different from the normal 

sensors. These cluster heads can be chosen from the 

deployed sensors or can be more powerful than other sensor 

nodes in terms of energy, bandwidth, and memory. Hence, 

the burden of transmission to the BS is handled by the set of 

cluster-heads. 

D. 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. 

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. 

E. 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. 

F. 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. 

G. 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. 

H. 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. 

I. 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. 

Signal processing methods can also be used for data 

aggregation. In this case, it is referred to as data fusion 

where a node is capable of producing a more accurate output 

signal by using some techniques such as beam forming to 

combine the incoming signals and reducing the noise in 

these signals. 

J. 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 
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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 

Network routing protocols are in charge of routing scheme 

as well as maintaining the network structure in WSNs. 

There are three types of network structure: flat routing, 

hierarchical routing and location-based routing. However, in 

order to focus in our area of research, we present further 

discussion of only flat and hierarchical routing protocols. 

Flat Routing: In flat routing protocols nodes play the same 

role and have similar functionality in transmitting and 

receiving data. In this type of network it is not possible to 

assign a global identifier to each node due to large number 

of nodes. Therefore, base station send queries to different 

part of the field and waits for the data from sensors in 

selected parts of the field. This approach is called data 

centric routing. SPIN (Sensor Protocols for Information via 

Negotiation) and DD (Direct Diffusion) are two examples of 

the data centric routing protocols that save energy by data 

negotiation and omitting the redundant data. 

Hierarchical (Cluster-based) Routing: In this kind of 

routing method, nodes play different roles in transmitting 

and receiving data. Some of the nodes are responsible for 

processing and communication, while other nodes can be 

used for sensing the target area. Hierarchical routing is 

mainly considered as two layer architecture where one layer 

is engaged in cluster head selection and the other layer is 

responsible for routing. Cluster head in hierarchical routing 

is the node which is responsible for collecting data from 

other nodes in the cluster, aggregating all data and sending 

the aggregated data to the base station. Creating clusters and 

assigning communication task to cluster heads contributes to 

a more scalable and energy efficient network. The main goal 

of all the hierarchical routing protocols is to appropriately 

create clusters and choose cluster heads in order to reserve 

energy in the network. 

Hierarchical Routing is a feasible solution for 

reducing energy consumption in WSNs. Within a cluster, 

cluster head manages the member nodes and assigns them 

tasks which lead to reduction in redundant data 

transmission. Moreover, cluster head has some 

responsibilities such as data collection and data aggregation 

from their respective cluster members. Energy consumption 

greatly reduced in this kind of routing method since the total 

data messages sent to the base station is minimized by data 

aggregation. 

Hierarchical Routing effectively assigns each node 

different task according to the ability of that sensor node. 

This approach offers balanced distribution of energy in the 

network. It can achieve by selecting higher energy nodes to 

perform the responsibility of cluster heads while lower 

energy perform sensing duties in the target area. 

Hierarchical Routing can easily achieve collision free 

network by applying a proper MAC protocol. After creating 

clusters, it is the responsibility of the cluster heads to create 

a transmission schedule for the member nodes and broadcast 

it to all the nodes in its respective cluster. Sensor nodes 

send, receive and listen data based on the assigned time slot 

and sleep other times in order to conserve energy in the 

system. By using the hierarchical routing protocol the 

number of data collision between the nodes would be 

reduced.. 

The surveys dealing with WSN clustering protocols 

can be found in [6]. The WSN clustering protocols can be 

classified into two categories: probabilistic and 

deterministic. In probabilistic clustering protocols a node 

becomes a CH with a certain probability, which requires an 

exchange of overhead messages for the CH’s election. The 

LEACH [5], EEHC [18] and HEED [21] fall in the 

probabilistic class and PEGASIS, are categorized in the 

deterministic class. Yunjie et al [8] proposed a k-means 

based clustering technique in LEACH environment and then 

CH is selected on the basis of residual energy, spatial 

position of nodes in the cluster. Its results are reported better 

than simple LEACH. 

D. Mahmood, N. Javaid, S. Mahmood, S. Qureshi, 

A. M. Memon, T. Zaman [9] presented MODLEACH: A 

Variant of LEACH for WSNs. In this work, MODLEACH is 

proposed, a new variant of LEACH that can further be 

utilized in other clustering routing protocols for better 

efficiency. Abbirah Ahmed, Sameer Qazi [2] presented 

Cluster Head Selection Algorithm for Mobile Wireless 

Sensor Networks. In this paper Basic Low Energy adaptive 

clustering hierarchy (LEACH) protocol has been modified 

with our proposed LEACH-MAE (LEACH Mobile Average 

Energy based) protocol to overcome its shortcomings to 

support mobility along with the new average energy based 

Cluster Head selection technique.  

Meenakshi Tripathi, R. B. Battula, M. S. Gaur, V. 

Laxmi [13] presented Energy Efficient Clustered Routing 

for Wireless Sensor Network. This paper introduces a novel 

cluster based routing protocol in which, the base station 

finds the highest energy node among the cluster and mark it 

as a cluster head for the current time. Thus in the proposed 

system the energy consumption of various nodes becomes 

more uniform as compared to LEACH-C. M. Natarajan, R. 

Arthi, K. Murugan [10] presented Energy Aware Optimal 

Cluster Head Selection in Wireless Sensor Networks. 

Wireless sensor network (WSN) consists of spatially 

distributed autonomous sensors to monitor physical and 

environmental conditions. Choon-Sung Nam [Nam] presents 

a method to divide unequal cluster size into equal cluster 

size for balance of energy consumption in a local cluster.  

Ebin Deni Raj [14] suggested new protocol EDR-LEACH 

based on clustering with maximum lifetime for wireless 

sensor networks. It improves LEACH by using a very 

equally distributed cluster and decreasing the unequal 

topology of the clusters.  Huo Shi, Xinning Liu and 

Xuemai Gu [15] presented an Energy-Efficiency Optimized 

LEACH-C for Wireless Sensor Networks. LEACH-C is a 

cluster algorithm in which cluster heads are randomly 

selected from the nodes with energy above the average, and 

the simulated annealing algorithm is utilized to find the 

optimal solution with better position to reduce the energy 

loss of cluster heads. Nutan Sindhwani, Rohit Vaid [16] 
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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. Stefanos A. Nikolidakis , Dionisis  Kandris , 

Dimitrios D. Vergados  and Christos Douligeris [17] 

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. 

R. U. Anitha, Dr. P. Kamalakkannan [3] presented 

Energy Efficient Cluster Head Selection Algorithm in 

Mobile Wireless Sensor Networks. In Wireless sensor 

networks, existing energy efficient routing algorithms 

assumed that the sensor nodes are stationary. Asha Ahlawat, 

Vineeta Malik [1] presented an extended vice-cluster 

selection approach to improve v leach protocol in wsn. The 

paper presents a new version of leach protocol called 

Improved VLEACH which aims to increase network life 

time. In this paper we first completely analysed the typical 

clustering Routing Protocol-LEACH and its deficiencies and 

proposed improved v-leach.  Geon Yong Park, 

Heeseong Kim, Hwi Woon Jeong, and Hee Yong Youn [11] 

presented A Novel Cluster Head Selection Method based on 

K-Means Algorithm for Energy Efficient Wireless Sensor 

Network. In this paper they propose an efficient cluster head 

selection method using K-means algorithm to maximize the 

energy efficiency of wireless sensor network. It is based on 

the concept of finding the cluster head minimizing the sum 

of Euclidean distances between the head and member 

nodes..  

Ali reza Firuzbakht, Asgarali Bouyer [4] presented 

an optimal Algorithm based on gridding and clustering for 

decrease energy consumption in WSN. This proposed 

approach emphasizes on increasing network lifetime which 

reduces data redundancy via clustering algorithms and 

gridding. Messai Mohamed-Lamine [7] presented new 

clustering scheme for wireless sensor networks. In this 

paper, it proposed a novel Energy-Aware Clustering 

algorithm (EAC) for prolong the wireless sensor network 

lifetime. EAC achieves a good performance in terms of 

lifetime by balancing the energy load among all the sensor 

nodes in the network. Sudhanshu Tyagi, Sumit Kumar 

Gupta [12] presented EHE-LEACH: Enhanced 

heterogeneous LEACH protocol for lifetime enhancement of 

wireless SNs. It has been observed in literature that 

Hierarchical clustering and the node heterogeneity are the 

two parameters by which the lifetime of WSNs can be 

enhanced. 

IV. CONCLUSION 

Recently there has been increased interest in studying 

energy-efficient clustering algorithms in the context of both 

ad-hoc and sensor networks. The main aim of clustering 

protocols in ad-hoc networks is to generate the minimum 

number of clusters while maintaining network connectivity. 

In these algorithms the election of CHs is based mainly on 

the identity of nodes, the degree of connectivity or the 

connected dominating set.. In the case of WSNs, the main 

objective of clustering protocols is to minimize energy 

consumption by the network in order to extend the network 

lifetime. 
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