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Abstract 

Currently, sensor networks are an emergent technology which plays a vital role in every field. Sensor networks is 

spatially distributed networks which consist of number of relatively simple, low-cost, low-power components 

interconnected mutually, and offerwidespread application for diverse areas. Themostimportantchallengeinthesensor 

networksisenergyconservation. One of them mostpopularsolutionsinmakingsensor networksenergy-efficient 

istoclusterthenetworks. In this paper, a study on different energy based hierarchicalrouting protocols has been done. 
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1. Introduction 

A sensor is a device that responds and detects some type of input from the physical or environmental conditions, 

such as pressure, heat, light, etc. The output of the sensor is generally an electrical signal that is transmitted to a 

controller for further processing. Sensor networks are highly distributed (In ad-hoc manner) lightweight nodes 

deployed in large no to monitor the environment or system. Wireless Sensor Network (WSN) consist of small nodes 

with sensing, computation, and wireless communications capabilities. A  Sensor Network (WSN) contains hundreds 

or thousands of sensor nodes. These sensors have the ability to communicate either among each other or directly to 

an external base-station (BS). A greater number of sensors allows for sensing over larger geographical regions with 

greater accuracy. Sensor network are usually dispersed in harsh environments with limited access to human beings, 

area like battlefields, forests, and special industrial and clinical fields. Therefore, it is essential that WSNs operate in 

a self-configured and autonomous mode with the capabilities to form a network in an ad hoc scheme. With the 

advancement of wireless technologies, providing support for real life applications in wireless sensor network has 

become inevitable. Prolonging the lifetime of the wireless sensor network is a key requirement of the network to 

support such applications. The complexity and the challenges offered by lifetime enhancement. The main 

component of sensor node are sensingunit, processingunit,Communication unit, Power unit .Other Application 

dependent components are optional like mobilizer, position Finding system, and power generator.The total energy 
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consumption in the sensor network for extracting a signal frame at the sink includes three parts: sensing, 

computation and communication approximately, 80% of power consumed in each sensor node is used for data 

transmission. So for maximizing the network lifetime, the process of data transmission should be optimized. As 

sensor network consumes most of their energy in data transmission so there is a need to an architecture in which the 

transmission of data to the sink is as low as possible.When the sensor nodes are deployed in a very large area then 

there is a need of special types of architecture to transmit data to the sink node. In this respect, hierarchical 

architecture is a suitableapproach to increase the network efficiently. In the hierarchical architecture, the entire 

network is divided into some layers and the nodes located in the same layer plays the same role. Clustering the 

nodes is a popular two-layered method it divides the network into two layers. It divides the nodes located in the 

same layer into groups known as clusters. A cluster head is selected for each cluster. All the nodes within the cluster 

send their sensed data to the cluster head. The CHs are then responsible for gathering the data from regular nodes, 

and aggregating and transmitting them to the BS. Since a large amount of data provided by the sensors in sensor 

network  are similar, the clustering utilizes the correlation among the  data, and then by aggregating them, reduces 

the load on the network, which reduces the efficient energy consumption. In this paper, we present a survey on the 

clustering approaches in Sensor network. 

2.Related Work: 

LEACH:W R Heinemannproposed LEACH (Low Energy Adaptive Clustering Hierarchy) protocol [1]. It is the First 

Cluster based protocol. It helps to reduce the power consumption by distributing the load among each sensor node. 

In LEACH, all sensor nodes are divided into several clusters. Each cluster has one cluster head node selected by 

probability.nodes transmit sensed data to cluster heads, and the cluster heads aggregate and compress the data and 

forward it to the base station (sink).LEACH suffers from early dead nodes problem because it chooses cluster heads  

based on randomized probability without considering the remaining energy of each node and remoteness to the BS 

.It uses single hop communication due to which it cannot be used for large area network which results in large 

overhead and long latency 

LEACH-C: On the basis of LEACH protocol LEACH Centralized (LEACH-C) wasproposed [2]. In The leach - 

protocol cluster is form by base station in centralized manner. Cluster heads are selected by the base station by 

running a sorting algorithm to obtain a list of candidate cluster head nodes sorted in descending value their residual 

energy. After examining the candidate cluster head nodes it chooses those with maximum residual energy and then 

calculate the quadratic sum of the distances from each cluster heads to its member nodes to find the optimal 

solution.So they solve the problem of leach by electing cluster head on the basis of remaining energy and distance 

from the base station. 
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TEEN: TEEN is Threshold-sensitive Energy Efficient sensor Network reactive protocol [3]. In reactive network 

cluster head sends the data to the base station when the sensed value crossed the predefined thresh hold value. 

Reactive network most suitable for time critical applications. But incase, if the thresholds are not reached, the user 

cannot determine the state of the network, so this algorithm is not perfect for applications that require periodic data 

from the network. 

HEED: a hybrid, energy-efficient, distributed clustering approach for ad hoc sensor networks [4]. This protocol 

selects the cluster head based on two parameter residual energy and node density. This protocol increases the life 

time of sensor network. 

RED-leach [5] isan advanced version ofLeach there is only one difference in cluster head selection is done based on 

nodes remaining energy and remoteness or distance from base station so energy utilization is 3 times better than 

leach protocol. 

EACBM: Energy Aware Cluster Based Multi-hop (EACBM)[6] routing protocol is proposed for heterogeneous 

wireless sensor network.EACBM is based multi hop and clustering algorithm so it reduces the energy consumption 

in long distance data transmission and increases the life time of network. This protocol increases scalability factor of 

network. It covers whole WSNs area including far away distributed SNs covered by sub-cluster so it improves the 

connectivity and reliability of the whole network. 

ECHA:Enhanced three-layer hierarchical clustering approach (EHCA) [7] is extended version of two tier Leach 

(TL-LEACH)...The selection process of the sensor nodes happens in bottom up approach and hierarchical way 

starting from Layer-0, layer-1  Layer-2 and layer-3. In EHCA, the layer-0 is sensor nodes, layer-1is  CHs, layer-2 is 

grid-heads (GHs), and layer-3 is BS.In this approach Gridheads are initialized by default they are not elected among 

the sensor nodes in the cluster. The main work of GHs are  transmitting the aggregated sensed information from 

layer-1 CHs to the layer-3 BS.because of three layer layer hierarchical clustering approachreduction in the number 

of sensor nodes transmitting directly  data to the BS thus thus this approach reduces  the total energy consumption of 

the sensor nodes in the WSN. 

KCA:K-medoid based clustering is best for energy saving in data transmission in WSN [8].This is mostly used for 

transmission of multimedia data. K-medoidsalgorithm avoids negative influence of the outliers and then calculates 

the optimal medoids between sensor nodes. K-medoids selects cluster head by balancing the load among 

clusters.KCA can reduce the energy consumption in data transmission and can prolong the network lifetime. 
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TECEAP: It isTwo-tier Era-based Clustering Energy-efficient Adaptive and Proactive Routing Protocol for Wireless 

Sensor Networks[9].This  routing protocol has a two-tier structure which combines the benefit of cluster-head 

distribution and chain-based routing to minimize cluster-head (CH) loss due to data aggregation and  transmitting 

data from ROI to BS.It avoids periodic network reconstructionby using an adaptive length of time for network 

reconstruction to maintain network adaptability with minimal network overhead. Network connectivity was 

maintained through networkawareness adding state bits in the control information with the data packet so packet 

size increases so it can affect the bandwidth and throughput. 

FCBA: It is a Fixed Competition-based Clustering Approach (FCBA) [10].in this clustering approach cluster head is 

selected based on a residual energy and the distances among the cluster heads from distributed nodes. FCBA based 

routing algorithm fairly uses the energy of the sensors to maximize the network lifetime. 

LEACH using Adaptive filter: It is advanced version of leach protocol. In this approach adaptive filter is embedded 

with the leach [11].Adaptive filters reduce the effect of noise present in sense signal of sensor nodes and transmit 

noise free data to base station. In this approach cluster head is selected on the basis of giving one random number to 

sensor node on the basis of the threshold value calculated by the node, based on this calculation cluster head is 

selected. LEACH protocol with adaptive filter algorithm improves the throughput and energy efficiency. Signal to 

noise ratio measured shows that this algorithm removes the effect of noise from the sensed signal and sends noise 

free data to the sink. 

EBCA (ENTROPY BASED CLUSTERING ALGORITHM):  In the proposed a cluster-based tree routingScheme 

for Data Gathering in heterogeneous wire-less sensor networks for periodic applications. In this cluster head is 

selected using the method EntropyWeighted Coefficient .EBCA [12] is a dynamic, distributed and self-organizing 

clustering algorithm that increases the lifetime of the network and minimizes the energy consumed. 

K-Means clustering: K-Means [13] is considered to be the simplest unsupervised clustering algorithm used for 

clustering. This algorithm divides the data set into K clusters. Cluster head is selected based on two weights.Wiis the 

weight of each node with in a cluster and Stud is the standard weights of a node which can be considered to become 

the cluster head. These two weights are compared for each cluster and the node with weight almost equal to standard 

weight is considered to be the CH for that particular round. This algorithm sends fixed size packet size to save 

energy and increases the lifetime of the network. This algorithm calculates the total amount of energy needed to 

transceiver packet which is then used along with average distance of the nodes to cluster center to compute a 

standard weight. This algorithm increases lifetime of the nodes and the throughput of entire network. 
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MUSA: multiple layers uneven clustering algorithm (MUCA) [14] is used for single-hop network. In this approach 

the whole network is divided into several layers with different reign. The inner and outer diameter of each layer is 

calculated by sink node to balancing energy consumption. Cluster heads is selected according to the residual energy 

of the node in each layer. The data is forwarded from a node to a cluster head in the same layer and cluster head 

transmit it to sink node. MUCA realizes the uniform distribution of the cluster heads in the same layer. 

E-BEENISH: An enhanced balanced energy efficient network-integrated super-heterogeneous (E-BEENISH) [15] 

algorithm. In E-BEENISH algorithm cluster head is selected based on weighted election probabilities of each node 

according to the remaining energy and the distance from the sink to the node.Thisalgorithm improves the lifetime of 

heterogeneous WSNs; it also increases the complexity of the algorithm.The limitation of this algorithm is that it 

does not take into consideration the network delay and jitter caused by the delay in the data transmission process.  

GWO based algorithm: This is A Centralized Cluster-Based Approach via Grey Wolf Optimizer [16]. GWO is a 

recent swarm intelligence algorithm based on the behavior of grey wolves that shows impressive characteristics and 

competitive results. CHs are selected based on the predicted energy consumption and current residual energy of each 

node. To improve the energy efficiency, protocol uses the same clustering in multiple consecutive rounds. Because 

we use same clustering in multiple rounds so this technique saves the energy that would be required to reform the 

clustering. 

E-HARP: Energy-efficient Harvested-Aware clustering and cooperative Routing Protocol for WBAN (E-HARP) 

[17] Wireless Body Area Network (WBAN) is an interconnection of small bio-sensor nodes that are deployed in/on 

different parts of human body. This protocol mainly proposes two mechanisms to improve the performance of 

WBANs i.e. selection of dynamic CH among the cluster members and the mechanism which omits the transfer of 

redundant data sensed by SNs in successive transmission rounds. The main goal of this research work is to enhance 

the network life-time, stability, throughput and end-to-end delay. The CH is selected on the basis of Cost Factor 

which uses multiple attributes such as link SNR, total current energy of the SN,total network energy loss and 

required transmission power. 

3. Comparison of Hierarchical Protocol: 

We have done comparison based on cluster properties: 

(1) Method: A clustering algorithm can be either distributed or centralized. In centralized routing, Base station 

controls the entire operation like cluster formation, cluster head selection  etc. and in distributed approach there 

is no central authority and it is widely used for largescale sensor network. 
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(2) Cluster Count: It can be Predefined or variable. When the number of cluster form is fixed then it is predefined. 

And when the number of cluster form is not fixed then it is variable. 

(3) Inter cluster communication: It can be direct (single) hop or multi hop communication. When the sensor 

network is small then we prefer single hop communication means cluster head directly sends data to base 

station but when the network is very large then we prefer multi hop communication in which cluster head send 

data to the base station through the intermediate cluster head. 

(4) Cluster head Selection. It is based on three methods. Probabilistic method: In this approach cluster heads are 

selected randomly without any previous consideration. AttributeBased: In this approach cluster head is selected 

based on various metrics like residual energy, node degree and distance to base station 

(5) Mobility: The nodes in the sensor network can be deployed as stationary or dynamic. 

(6) Location Awareness: Sensor network can be Gps enabled or not based on requirement or application. 

(7) Load balancing: loadbalancing feature is very important for prolong the network lifetime. In the uniform load 

distribution all the cluster heads consumes approximately same amount of energy. 

(8) Node type: it can be homogeneous or Heterogeneous. Homogeneous sensor network consist of identical nodes 

while Heterogeneous consist of sensor node with with different ability such as different computing power and 

sensing range. 

(9) Nature: It can be Proactive, reactive or hybrid. In proactive type the cluster head transmits the data to base 

station continuously. In reactive cluster head transmits the data when the sensed value crossed the 

predefinedthreshold. And in hybrid Cluster head transmit the data to base station at longer regular time interval 

and also when the value crosses the threshold value 

Table: Comparison of different clustering protocol 

Protocol Ref. Method Cluster 

count 

Inter-

cluster 

topology 

CH election Mobility Location 

awareness 

Load 

balancing 

Node type Natu

re 

LEACH Heinzelman et 

al. (2000) 

Distributed  Variable   Direct Random  Stationary  Not 

required  

    Good  Homogene

ous  

 

Proac
tive 

LEACH-C Heinzelman et 

al. (2002) 

Centralized   Variable   Direct Deterministic 

(by BS)  

Stationary  Not 

required  

    Good  Homogene

ous  

 

Proac

tive 

TEEN  Manjeshwar 

and Agrawal 

(2001) 

Distributed constant Multi-hop Random Stationary Not 

required 

Good  homogeneo

us 

React

ive 

HEED Younis and 
Fahm y ,(20 

04) 

Distributed variable Direct hybrid Stationary Not 
required 

    Good Homogene
ous 

Proac
tive 

RED-LEACH  Tin Aye Chit 
and  

 Tin Aye Chit 

(2018) 

Distributed variable Direct node’s 
Remaining 

energy and 

Remoteness 

Stationary Not 
required 

    Good Homogene
ous 

Proac
tive 
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EACBM Amanjot Singh 

Toor and A. K. 

Jain(2018) 

Distributed variable Multi-hop random Stationary Not 

required 

    Good Heterogene

ous 

Proac

tive 

EHCA Sai Krishna 
MeghanaYenda

muri et al.(2018 

Distributed variable Multi-hop Random  Stationary  Not 
required  

    Good  Homogene
ous  

 
Proac

tive 

KCA Jin Wang et 
al.(2018) 

Distributed variable Multi-hop residual 
energy and 

central circle 

mean point 

Stationary  Not 
required  

    Good  Homogene
ous  

 
Proac

tive 

TECEAP Reem E. 
Mohamed et 

al.(2018 

Distributed variable Multi-hop probabilistic Stationary  Not 
required  

    Good  Homogene
ous  

 
Proac

tive 

FCBA Salim EL 

KHEDIRI et 

al.(2018) 

Distributed variable Multi-hop residual 

energy, 

degree and 

distance 

Stationary  Not 

required  

    Good  Homogene

ous  

 

Proac

tive 

LEACH  using 

Adaptive filter 

BaljinderKaur 
and Balraj 

Singh(2018) 

Distributed  Variable   Direct Random  Stationary  Not 
required  

    Good  Homogene
ous  

 
Proac

tive 

EBCA WALID 
OSAMY et 

el.(2018) 

Distributed  Variable   Direct entropy dynamic  Not 
required  

    Good  heterogene
ous 

Proac
tive 

K-means based 

routing  

MadihaRazzaq 
et el.(2018) 

Centralized variable Multi-hop energy Stationary  Not 
required  

    Good  Homogene
ous  

 
Proac

tive 

MUSA Jing Liuet et 

el.(2018) 

Distributed  Variable  Direct residual 

energy 

Stationary  Not 

required  

    Good  Homogene

ous  

 

Proac
tive 

E-BEENISH YINGHUI 

ZHANG et 
el.(2019) 

Distributed Variable  Direct energy, 

residual 
energy, 

average 

energy and 
position 

Stationary  Not 

required  

    Good  Heterogene

ous 

proact

ive 

GWO based algo S. M. MAHDI 

H. 

DANESHVAR 
et el.(2019) 

Centralized Variable  Direct/mu

lti hop 

residual 

energy 

Stationary Yes good Homogene

ous  

Proac

tive 

E-HARP  ZAHID 

ULLAH et 
el.(2019) 

Distributed Variable direct energy and 

proximity to 
sink 

Stationary Not 

required 

good Heterogene

ous 

proact

ive 

  

4. Conclusion 

 Usually sensornodes aredeployed in harsh environments where recharging of battery is not easy and monitoring the 

network by human is also not possible.Scalability of network is also a main issue because as we increase our 

network size, energy consumption increases and network life decreses.Clustering approach have the great 

contribution in making sensor network scalable, energy efficient and increased network life time. Clustering is two 

layer hierarchical architecture in which regular nodes resides in first layer and cluster head at second layer. Cluster 

head collects data from regular nodes and aggregate that data and send it to the base station through intermediate 

cluster heads or multi hop. The advantage of hierarchical clustering is that they distribute the management tasks 

among the Cluster heads... In general, it is shown that a clustered sensor network is more energy-efficient than non-
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clustered network. In this paper we have studied the many protocols using clustering technique but different 

approaches of selecting cluster head. Cluster head selection is very important phase in clustering approach. The 

probabilistic clusteringapproaches are the most popular, because of their advantages in simplicity, low overhead, 

high energy-efficiency. LEACH is the most famous random clustering method. Although random cluster head 

selection is very easy but they are not reliable in terms of energy consideration. On the other hand, in many 

protocols like Leach-c,Red-Leach,KCA and many more used non-probabilistic method and certain metrics to elect 

the CHs.Further we have studied algorithm selecting their cluster head based on fuzzy logic and genetic 

algorithm.Fuzzy logic and genetic algorithm based protocolis more effective and efficient comparison to other 

protocols. In this paper we demonstrated the protocols based on clustering approaches. 
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