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Abstract 

Wireless Sensor Network (WSN) consists of many small sensor nodes. A sensor node is a small 

battery operated device used for computation and communication. In WSN Energy efficiency is 

the main challenge for the researchers. Many routing techniques are designed to save energy. 

Though multipath routing protocols are useful, they consume more energy to send duplicate data 

via multiple paths. Cluster based routing may be a better solution. The paper gives a brief 

comparative study for different cluster based routing protocols in WSN.  
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I. INTRODUCTION  

A WSN is usually composed of hundreds or thousands of sensor nodes. These sensor nodes are 

usually densely deployed and have the capability to sense the environment. The main objective 

of WSN is to send the information of devastating event to the base station, so that it can take 

corrective action. The sensor nodes are interacting with their environment by sensing the 

physical parameters such as humidity, light, sound, temperature, motion etc. WSNs are expected 

to be solutions to many applications, such as detecting and tracking the passage of troops and 

tanks on a battlefield, monitoring environmental pollutants, measuring traffic flows on roads, and 

tracking the location of personnel in a building.  

All the sensor nodes are battery operated. It is quite impossible to recharge those batteries in 

mobile location, such as in a deep forest or within the sea. Thus saving battery power by 

developing energy aware routing protocols is the main research area for the past few years. Some 

algorithms are designed to send the information about a devastating event by the shortest path. 

Though can take the information very quickly to the base station, the energy of the nodes of that 

path will be goes 

 down very quickly and the path will be broken. Some other algorithms send the information by 

multiple paths according to the residual energy of the nodes. This increases network lifetime. 

The problem is that in WSN sensor nodes are deployed very densely. As a result same event will 

be sensed by multiple sensor nodes. All of those nodes will try to send that information to the 

base station by multiple paths. That means duplicate data will be sent to the base station, which 

causes network congestion and a huge amount of energy drainage. Clustering may be a better 

solution. In every cluster there will be a cluster head (CH). All the nodes will send its sensed data 

to the CH. Then it will aggregate those data and send that to the base station. The simulation 

result shows that the cluster based routing protocols saves more energy than other algorithms.  
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The following part gives a brief review of the cluster based algorithms, followed by a 

comparative study and conclusion part. 

 II. REVIEW WORK  

In wireless sensor networks, the network is formed either in a deterministic way or in non-

deterministic way. Throughout the years the main concern about WSN has been creating 

protocols which are energy efficient. Along with energy efficiency, network lifetime, efficient 

data collection, data transfer rate, mobility, scalability has been the major factors for creating a 

reliable protocol.  

Some existing protocols are discussed here for a better understanding of how different factors 

effect creating a reliable protocol also a table is given for comparing the existing protocols with 

each other.  

 

A. Low Energy Adaptive Clustering Hierarchy (LEACH)  

LEACH [1] is a homogeneous and hierarchical, adaptive algorithm which distributes energy 

evenly throughout the network. Cluster heads are selected randomly, which creates and 

manipulates a Time Division Multiple Access (TDMA) schedule and sending aggregated data 

from nodes to the BS where these data is needed using Code Division Multiple Access (CDMA). 

The main constraint here is that, the radio of the cluster members will be turned off to reduce 

energy consumption after the data transmission during particular slot is finished. Here in LEACH 

protocol, multi-cluster interference problem was solved by using unique CDMA codes for each 

cluster. Though LEACH algorithm is easy to implement compared to other protocols due to its 

low complexity but now a days it is modified several times due to its low energy efficiency and 

low network life. 

B. Threshold sensitive Energy Efficient sensor Network (TEEN) protocol  

TEEN [2] is also a homogeneous protocol, it is the very first protocol created for reactive 

networks. The cluster formation is based on hierarchical grouping. The cluster Heads sends hard 

threshold and soft threshold to its members, where the soft threshold can be changed depending 

on the criticality of the message. Thus this protocol is very useful in case of time critical 

applications. TEEN is also very efficient in terms of energy efficiency. The main problem for 

this protocol is if the threshold does not reach then user will have no idea about the network.  

 

C. Adaptive Periodic Threshold sensitive Energy Efficient sensor Network (APTEEN) protocol  

APTEEN [3] is basically a modification of the TEEN protocol for both periodic sensing and time 

critical event. The problem of no reply and collision can be overcome by this protocol. TDMA is 

applied in this protocol and each cluster is given a particular time slot, thus collision can be 

avoided. After CH is selected, they broadcast a message to its neighbour’s which contains – (a) 

Attribute, (b) Schedule, (c) Threshold and (d) Count Time. Only problem with APTEEN is 

overhead and time complexity of forming clusters in multiple levels and implementing threshold 

based functions.  

 

D. Hybrid Energy-Efficient Distributed Clustering(HEED)  

HEED [4] is a protocol which does not make any assumption about node distribution and does 

not require any information about special node capabilities such as location awareness. This 

protocol mainly looks after prolonging the network lifetime. The cluster formation in HEED 
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terminates early and creates well distributed cluster. This protocol reduce O(1) complexity in 

cluster formation. Thus the algorithm complexity is very low. The main problem with this 

protocol is random selection of CHs may lead to communication overhead.  

 

E. Sensor Protocol for Information via Negotiation (SPIN)  

SPIN [5] is a homogeneous, single-hop based protocol which is quite easy to implement. Each 

node need only to have knowledge of one-hop neighbours. When a node has data to send it 

advertise the data to other nodes by sending ADV message containing Meta data. The nodes 

which want to receive data sends REQ message to the node which has data todisseminate. 

Finally the node sends DATA message to the requesting nodes, the DATA message contains 

actual sensor data with Meta data header. This protocol significantly reduce energy consumption 

in comparison with other flooding techniques but the main problem lies behind this protocol is 

that advertisement does not guarantees actual delivery of data. If the requesting node is far from 

the advertising node then it will not receive data because the protocol is a single hop based 

protocol.  

 

F. Power Efficient Gathering in Sensor Information System (PEGASIS)  

PEGASIS [6] is a LEACH like protocol but here the main idea is to create chain in place of 

clusters consisting the nodes. The nodes only have information about the neighbouring nodes. In 

a single chain a node is selected as sink (CH) which communicate directly with the Base Station 

(BS). The problem with this protocol is that the sink may becomes bottleneck due to high traffic 

of data also a distant node will need more energy and time to reach the sink.  

 

G. Distributed Energy Efficient Clustering (DEEC)  

DEEC [7] is an efficient form of heterogeneous clustering algorithm. In this protocol the CHs are 

selected based on the ratio of residual energy of the node and the average energy of the network. 

This protocol is quite similar to the LEACH protocol, but in LEACH protocol the network was 

assumed to consisting of nodes of same energy where in case of DEEC all nodes are assumed to 

have different energy and nodes must contain idea about all other nodes. DEEC simulates the 

ideal life time of the network and comparison shows it achieves a longer lifetime of network and 

better message delivery than LEACH. The main problem of this protocol is the complexity of the 

algorithm.  

 

H. Two Level LEACH (TL-LEACH)  

TL-LEACH [8] uses the same method for collecting data in LEACH protocol, where the CHs 

collect data from its neighbour nodes. The only difference between LEACH and TL-LEACH is 

that in LEACH data is transferred directly to the base stations (BS) but in case of TL-LEACH 

data is transferred to the BS from the node in a two level hierarchical way where the sending 

node uses the intermediate CHs as relay stations. This method permits better use of energy in the 

network than LEACH due to its hierarchical model.  

 

I. Energy Efficient Clustering Scheme (EECS)  

EECS [9] is a single hop homogeneous clustering algorithm where the CH connects to the base 

station directly. In the setup mode the BS broadcasts a ―hello‖ message in the network. This way 

the nodes know their proper power level and energy required to communicate with the base 

station. Ultimately it helps in an equal distribution of energy throughout the network. The main 
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advantage of this protocol is that it provides full connectivity through the network for alonger 

lifetime.  

 

J. Linked Cluster Algorithm (LCA)  

LCA [10] is one of the oldest protocols use in WSN. This protocol was developed to use in wired 

network then also implemented in wireless network. In LCA there are two ways via which a CH 

can be chosen. Firstly, every node contains a unique ID which is compared with all the nodes 

and the node with highest ID becomes the CH. Secondly a node in the network assumes there is 

no CH in the network and becomes the CH itself. The main disadvantage with this protocol is 

that it is only reliable for smaller networks, when in case of large networks LCA imposes 

communication delay.  

 

K. Direct Diffusion (DD)  

DD [11] is a data centric protocol where individual nodes are unimportant. The operation is 

divided into two periods – interest propagation and data aggregation. The protocol is data centric. 

Thus node to node addressing is not required; all communications are neighbour to neighbour. 

The main disadvantage is, in case of continuous data flow it is ineffective.  

 

L. Algorithm for Cluster Establishment (ACE)  

ACE [12] is heterogeneous protocol of cluster formation, which mainly depends upon multiple 

iteration to form cluster. ACE allows a node to become a CH at a certain time and after 

forthcoming iterations if it is not the suitable node to be a CH then it must step down. Spawning 

of new clusters and migration of old clusters are the two main component of ACE protocol. After 

some iteration a node may be a member of different clusters or be loyal to a single one. Due to 

its iterative method of cluster formation ACE achieves low variance and high average of cluster 

size compared to id based protocols like LCA. This protocol also reduces structural damage. The 

main problem lies in the fact that this protocol takes much time for cluster formation and the 

algorithm used is comparatively difficult to implement.  

 

M. Two Tire Data Dissemination (TTDD)  

TTDD [13] provides scalable and low power protocol for efficient data delivery to multiple 

source and mobile sinks. Each data source in TTDD proactively constructs a grid structure, 

which enables mobile sinks to continuously receive data by flooding queries with in a local cell 

only. TTDD’s design exploits the fact that sensor nodes are both stationary and location aware. 

TTDD can use simple greedy method to construct and maintain the grid structure with low over 

head as sensors are assumed to know their location in order to tag sensing data and also 

assuming that locations are static,. Sink mobility brings new challenges to data dissemination in 

large scale sensor networks. A sink is a user that collects data reports from the sensor network. 

The sink can flood a query with in a local area to discover nearly dissemination nodes. The query 

is forwarded by the upstream toward the source, until finally arrives at the source. The advantage 

of TTDD is, it deals with the problems caused by multiple mobile sinks and sink moving in 

large-scale-WSNs. The first disadvantage is the routing of a forwarding path in TTDD is not the 

shortest path. Another one is grid structure formation and query flooding cost large energy 

consumption. 
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N. Energy Efficient Hierarchical Clustering (EEHC)  

EEHC [14] is a heterogeneous and hierarchical protocol which is based on two stages- Initial 

Stage and Extended Stage. In the initial stage the nodes which want to become a CH sends out an 

announcement to its neighbouring nodes with a probability (say p) of becoming a CH. These 

nodes are known as the volunteer nodes. The neighbours within the range of k-hop distance 

receive this announcement directly. If a node within the range of k-hop does not receive an 

announcement from a volunteer node and if it is neither a CH nor a member then it is forced to 

become a CH. In the second phase or the extended phase where multilevel clustering is observed, 

the network is divided into h-level hierarchy, where CHs of each level communicate with the BS 

directly. EEHC enhances the network life time than LEACH or other hierarchical models. 

However the algorithm complexity is quite higher.  

 

O. Power Efficient Zoning Clustering Algorithm (PEZCA)  

PEZCA [15] is a combination of two algorithm classical LEACH (Low Energy Adaptive 

Clustering Hierarchy) And PEGASIS. In This scheme, malicious beacon signals are filtered out 

according to the clustering. Here the base station (BS) consider at a center of the scenario and the 

scenario area is divided into multiple fan shaped regions. The clusters closer to the base station 

have smaller sizes than those farther away from the base station (BS). This algorithm is mainly 

useful for detecting and tracking the passage of troops and trunks on a battlefield. Mainly 

LEACH use the hierarchical schemes and PEGASIS use the grid Schemes for achieving there 

goals. PCZCA use the miscellaneous schemes of LEACH and PEGASIS.  

 

P. GROUP: A grid-clustering routing protocol for wireless sensor networks  

GROUP [16] is a grid scheme based clustering protocol. In this protocol one of the sink called 

the primary sink build the grid (Here CHs are form a grid like structure). Here the concept of 

grid seed (GS) is introduced. The GS is a node chosen within the radius of the primary sink. This 

GS selects CHs on the basis of residual energy. Any query is send from the sink is to the GS then 

to CHs in the grid to the base station. In LEACH, the CHs communicate with the base station 

directly, where in GROUP short range upstream paths are selected. This protocol provides 

scalable and efficient routing in large scale WSN, still there is complexity in implementing the 

algorithm.  

 

Q. Energy Efficient Level Based Clustering Routing Protocol (EELBCRP)  

Energy Efficient Level Based Clustering Routing Protocol [17] is an example of hierarchical 

clustering routing. It reduces the number of dead nodes and extend the network lifetime. There is 

one base station which is fixed and located at middle in a given sensor network. This protocol is 

divided into three phases, setup phase, cluster setup phase and inter cluster routing phase. In 

setup phase the base station (BS) transmits a level-1 signal (minimum power) to all the nodes, 

which hear this message and set their level as level-1. After that, the base station increases its 

signal power to attain the next level and transmit a level-2 signal. All the nodes that receive the 

massage and is not set previously will set their level as 2. This procedure continuous until the 

base station transmits corresponding massages to all levels. The next phase, cluster-setup phase 

is the same as LEACH 
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[1], except the concept of threshold value [18]. After the cluster formation, the cluster heads 

broadcast the aggregate data to the next level. At the next level, the nodes aggregate their data 

and sends to their cluster heads. In this manner the cluster heads at the last level transmit the 

final information to the Base Station. The following table gives a brief comparative study 

between all the above routing protocols. 

TABLE I COMPARATIVE STUDY BETWEEN ROUTING PROTOCOLS IN WSN 

Protocol  

Name 

Network 

Life  

Time   

Cluster  

Scalability 

Scalability  Energy  

Efficiency 

Mobility  Delivery  

Delay 

Network  

Model 

Type 

Schemes  

Type 

Algorithm  

Complexity 

LEACH  Low  Moderate  Very Low  Very Low Fixed base 

station 

Very  

Small 

Homogen

eous  

Hierarchi

cal  

Low  

TEEN  High  High  Low  Very High  Fixed base 

station 

Small  Homogen

eous  

Hierarchi

cal  

High  

APTEEN  Moderate  Very  Low  Moderate  Fixed base 

station 

Small  Homogen

eous  

Hierarchi

cal  

Very High  

HEED  Moderate  High  Moderate  Moderate  Fixed base 

station 

Moderate  Homogen

eous  

Hierarchi

cal  

Moderate  

SPIN  Low  Moderate  Low  Moderate  Fixed base 

station 

Moderate  Homogen

eous  

Heuristic  Low  

PEGASIS  Very Low  Low  Very Low  Low  Fixed base 

station 

Very  

Small 

Homogen

eous  

Grid 

Schemes  

High  

DEEC Very 

High 

Very low Very High Very High Limited Small  Heteroge

neous  

Hierarchi

cal  

Very High  

TL-LEACH  Low  Moderate  Moderate  Low  Fixed base 

station 

Small  Homogen

eous  

Hierarchi

cal  

Low  

EECS  Very 

High  

Very low Very High High  Limited  Modera

te  

Hetero

geneou

s  

Hierarc

hical  

Very High  

LCA  Moderate  Moderate  Low  Low  Fixed base 

station 

Moderate  Homogen

eous  

Heuristic  Moderate  

DD Low  High  Low  Very Low  Limited  Large  Homogen

eous  

Heuristic  Low  

ACE High Very low Moderate  Moderate  Very  Limited Small  Heteroge

neous  

Hierarchi

cal  

Very High  

TTDD  Very Low  Very  high Low  Very Low Fixed base 

station 

Very  

Large 

Homogen

eous  

Grid 

Schemes  

Low  

EEHC Very 

High  

Very  low High  High  Limited  Moderate  Heteroge

neous  

Hierarchi

cal  

High  

PEZCA  Moderate  Very  High Low  Moderate  Fixed base 

station 

Small  Homogen

eous  

Miscellan

eous  

Schems 

Moderate  

GROUP Moderate  High  Moderate  Low  Limited  Moderate  Homogen

eous  

Grid 

Schemes  

Moderate  

EELBCRP  Moderate  High  Moderate  Moderate  Fixed base 

station 

Small  Homogen

eous  

Hierarchi

cal  

High  

 
 

III. CONCLUSION  

 

Energy Efficiency is the main challenge in Wireless Sensor Network. Many protocols are 

designed to meet the demand. Hierarchical routing is one of the efficient techniques among them. 

These are also known as cluster based routing. The protocols are involved in cluster formation, 

followed by cluster head selection, and send the aggregated data to the base station in an energy 
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efficient way. The paper gives a state of the art study about the clustering algorithms for wireless 

sensor network. A comparative study is also included to show the characteristics of different 

existing routing protocols. This study can be helpful for the researchers to know the existing 

protocols and to solve the problems 
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