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Abstract:

To maximize network lifetime in Wireless Sensor Net-
works (WSNs) the paths for data transfer are selected 
in such a way that the total energy consumed along the 
path is minimized. To support high scalability and bet-
ter data aggregation, sensor nodes are often grouped 
into disjoint, non overlapping subsets called clusters. 
Clusters create hierarchical WSNs which incorporate 
efficient utilization of limited resources of sensor 
nodes and thus extends network lifetime. The objec-
tive of this paper is to present a state of the art survey 
on clustering algorithms reported in the literature of 
WSNs. Our paper presents a taxonomy of energy effi-
cient clustering algorithms in WSNs. And also present 
timeline and description of LEACH and Its descendant 
in WSNs. 
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1.Introduction:

Energy usage is an important issue in the design of 
WSNs which typically depends on portable energy 
sources like batteries for power .WSNs is large scale 
networks of small embedded devices, each with sens-
ing, computation and communication capabilities. 
They have been widely discussed in recent years [1-3]. 
Micro-Electro-Mechanical System (MEMS) sensor tech-
nology has facilitated the development of smart sen-
sors, these smart sensors nodes are small devices with 
limited power, processing and computation resources. 
Smart sensors are power constrained devices that have 
one or more sensors, memory unit, processor, power 
supply and actuator [4]. In WSNs, sensor nodes have 
constrained in term of processing power, communica-
tion bandwidth, and storage space which required very 
efficient resource utilization.
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InWSNs the sensor nodes are often grouped into indi-
vidual disjoint sets called a cluster, clustering is used 
in WSNs, as it provides network scalability, resource 
sharing and efficient use of constrained resources 
that gives network topology stability and energy sav-
ing attributes. Clustering schemes offer reduced com-
munication overheads, and efficient resource alloca-
tions thus decreasing the overall energy consumption 
and reducing the interferences among sensor nodes. 
A large number of clusters will congest the area with 
small size clusters and a very small number of clusters 
will exhaust the cluster head with large amount of mes-
sages transmitted from cluster members. 

LEACH protocol is hierarchical routing based on cluster-
ing and find the optimal number of clusters in WSNs in 
order to save energy and enhance network lifetime. In 
this work, we have surveyed the state-of art of cluster-
ing algorithms in WSNs. We have discussed the advan-
tages and disadvantages of clustering along with a sur-
vey of LEACH and its descendant. Given the importance 
of clustering for WSNs, rest of the paper is organized in 
following structure; Section II presents the Challenges 
and limitations of wireless sensor networks. Section III 
presents an overview of hierarchical routing in WSNs. 
Section IV presents a survey on state-of-art of cluster-
ing algorithms reported in the literature and section V 
presents the conclusion of the paper. 

2. Challenges and limitation of wireless sen-
sor networks :

In WSN sensor nodes have limited processing power, 
communication bandwidth, and storage space. This 
gives rise to new and unique challenges in data man-
agement and information processing. In-network data 
processing techniques, such as data aggregation, mul-
ticast and broadcast need to be developed. Network 
lifetime is the key characteristics used for evaluating 
the performance of any sensor network [6].

Energy Efficient Clustering Algorithms in Wireless Sensor 
Networks: A Survey
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A lifetime of the network is determined by residual 
energy of the system, hence main and most impor-
tant challenge in WSN is the efficient use of energy re-
sources. Literature shows the energy efficiency is intro-
duced in WSNs using any of the following mechanisms: 
Energy conservation mechanism, Power conservation 
mechanism, Energy harvesting mechanism and Energy 
efficient routing. 

2.1 Energy aware routing :

The aim of routing in WSNs is to find out and maintain 
routes in WSNs. Routing challenges with reference to 
WSNs [19] are Energy consumption without losing ac-
curacy , Node deployment, Link heterogeneity, Data 
reporting model , Scalability, Network dynamic trans-
mission media, Connectivity, Coverage, Data aggrega-
tion, Quality of services.

3. Hierarchical Routing in WSNs:

The main target of hierarchical routing or cluster based 
routing is to efficiently maintain the energy usage of 
sensor nodes by involving them in multi-hop commu-
nication within a particular cluster. Cluster formation is 
generally based on the energy reserve of sensors and 
sensors proximity to the Cluster Head (CHs). Cluster-
ing plays an important role for energy saving in WSNs. 
With clustering in WSNs, energy consumption, lifetime 
of the network and scalability can be improved. Be-
cause only cluster head node per cluster is required to 
perform routing task and the other sensor nodes just 
forward their data to cluster head. 

Clustering has important applications in high-density 
sensor networks, because it is much easier to manage 
a set of cluster representatives (cluster head) from 
each cluster than to manage whole sensor nodes. In 
WSNs the sensor nodes are resource constrained which 
means they have limited energy, transmit power, mem-
ory, and computational capabilities. Energy consumed 
by the sensor nodes for communicating data from sen-
sor nodes to the base station is the crucial cause of en-
ergy depletion in sensor nodes. 

4. Clustering Algorithms in WSNs Fig.1 shows 
the taxonomy of clustering algorithms in 
WSNs 

4.1 CACC: Clustering Algorithm based on Cell 
Combination [8] 

In this paper author proposed a clustering algorithm 
which based on cell combination for the networks. 
Sensor nodes are distributed densely and the energy 
of sensor nodes is always limited. In this clustering al-
gorithm, the monitoring region is divided into hexago-
nal cells by considering the geographic location infor-
mation of nodes. Each cluster consists of at least seven 
hexagon cells. Nodes with the same cluster identity 
form a cluster and the cluster head in each cluster is 
elected from the central cell of each cluster. The shape 
of the cells consider nearly circular in order to improve 
channel reuse and energy efficiency.

4.2 VAP-E: Energy-Efficient Clustering -Virtual 
Area Partition [9] 

In this authors proposed an energy efficient cluster-
ing algorithm which based on virtual area partition 
in heterogeneous networks environment where the 
maximal transmission power of each node may be dif-
ferent. Authors found that VAP-E can balance the load 
between clusters, enhance the energy efficiency of 
sensor nodes, prolong the lifetime of networks, and 
improve the efficiency of communications. Authors 
also compare this algorithm with respect to LEACH and 
LEACH-E and found that VAP-E can enhance the stabil-
ity period and network life time with the same simula-
tion condition. 

4.3 CFL: Clustering for Localization [10] :

Authors proposed a clustering algorithm which uses a 
combined weight function and tries todivide the sen-
sor nodes so that a minimum number of clusters with 
maximum number of sensor nodes in each cluster 
could be achieved.
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The weight functions at each sensor node, which is 
a combination of different parameters including: re-
sidual energy, number of neighbors and transmission 
power. Basically CFL clustering algorithm is designed 
for localization in WSNs. It is unable to work when the 
distribution of sensor nodes are not good. 

4.4 FoVs: Overlapped Field of View [11] :

Authors proposed a clustering algorithm for wireless 
multimedia sensor networks based on overlapped 
Field of View (FoV) areas. The main contribution of this 
algorithm is finding the intersection polygon and com-
puting the overlapped areas to establish clusters and 
determine cluster membership. For dense networks, 
overlapping FoVs causes wasting power of the system 
because of redundant sensing of the area. The aim of 
the clustering method is prolonging network lifetime 
and energy conservation. 

4.5 KOCA: K-Hop Overlapping Clustering Al-
gorithm [12] :

Authors proposed a clustering algorithm based on K-
hop overlapping which is used to overcome the prob-
lem of overlapping multi-hop clustering for WSNs. Goal 
of KOCA algorithm is generating connected overlap-
ping clusters that cover the entire sensor network 
with a specific average overlapping degree. Authors 
also found that KOCA produces approximately equal-
sized clusters, which allow equally distributing the 
load evenly over different clusters. In KOCA, clustering 
formation terminates in a constant time regardless of 
the network size. Under contention and severe errors, 
up to 10 percent, KOCA communication overhead is 
reduced due to the dropped packets. Author’s simula-
tion results show that clusters areapproximately equal 
in size. This is requiring achieving load balancing be-
tween different clusters. 

4.6 PEZCA: Power-Efficient Zoning Clustering 
Algorithm [13] :

Authors proposed a Power-Efficient Zoning Clustering 
Algorithm (PEZCA) which uses two algorithms: classi-
cal LEACH (Low-Energy Adaptive Clustering Hierarchy) 
and PEGASIS (Power-Efficient Gathering in Sensor In-
formation Systems).

In this algorithm, base station consider at a center of 
the scenario and the scenario area is divided into mul-
tiple fan shaped regions and the clusters closer to the 
base station have smaller sizes than those farther away 
from the base station. Thus CHs (cluster heads) near-
est to the BS (base station) can preserve more ener-
gy for inter-cluster data transmission. PEZCA provide 
more balance in energy consumption and life time of 
network comparisons to LEACH. 

4.7 VoGC: Voting-on-Grid clustering [14] :

In this author combined voting method and cluster-
ing algorithm, and developed new clustering schemes 
for secure localization of sensor networks. Authors 
also found that the newly proposed approaches have 
very good performances on localization accuracy and 
the detection rate of malicious beacon signals. In this 
scheme, malicious beacon signals are filtered out ac-
cording to the clustering result of intersections of lo-
cation reference circles. Authors used a voting-on-grid 
(VOGC) method instead of traditional clustering algo-
rithms to reduce the computational cost andfound that 
the scheme can provide good localization accuracy and 
identify a high degree of malicious beacon signals.

4.8 BARC: Battery Aware Reliable Clustering 
[15] :

In this clustering algorithm authors used mathematical 
battery model for implementation in WSNs. With this 
battery model authors proposed a new Battery Awar-
eReliable Clustering (BARC) algorithm for WSNs. It 
improves the performance over other clustering algo-
rithms by using Z-MAC and it rotates the cluster heads 
according to battery recovery schemes. A BARC algo-
rithm consists of two stages per round for selection of 
cluster heads: initialization or setup and steady state. 
In this formation of cluster, take place by electing a set 
of CHs. BARC enhances the network lifetime greatly 
compare to other clustering algorithms. 

4.9 Hausdroff Clustering:

Authors considered that, once cluster formations take 
place it’s remaining same throughout the network life-
time.
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This algorithm maximizes the lifetime of each cluster 
in order to increase the life time of the system. Cluster 
life time can be enhanced by rotating the role of clus-
ter heads (CHs) among the nodes in the cluster. Cluster 
heads selection basically based on the residual energy 
of the sensor nodes and it also used the proximity of 
neighbors as a secondary criterion for enhancing en-
ergy efficiency and further prolong the network life-
time. The Hausdroff clustering algorithm is equally ap-
plicable for both uniform and nonuniform sensor node 
initial energy distribution. 

4.10 HSA: Harmony Search Algorithms :

This is music based metaherustic optimization algo-
rithm which is analogous with a music improvisation 
process where musician continue to polish the pitches 
in order to obtain better harmony. By which it opti-
mizing the energy consumption and minimizing intra-
cluster distance of the network. In this the base station 
computes and allocates nodes into clusters according 
to the information of their residual energy and location. 
The operation has two phases: clustering setup and 
data transmission. This algorithm provides improve-
ment in term of power consumption and network life 
time over LEACH protocol. With a small network di-
ameter, energy consumption of the network is almost 
same when using different clustering protocols. 

4.11 PEGASIS: Power-Efficient Gathering in 
Sensor Information System :

By this author proposed algorithm PEGASIS that is 
a chain based protocol provide improvement over 
LEACH algorithms. In PEGASIS, each node communi-
cates only with a close neighbor and takes turns trans-
mitting to the base station, thus reducing the amount 
of energy spent per round. Using greedy algorithm, the 
nodes will be organized to form a chain, after that BS 
can compute this chain and broadcast it to all the sen-
sor nodes. Energy saving in PEGASIS over LEACH takes 
place by many stages: First, in the local data gathering, 
the distances that most of the sensor nodes transmit 
are much less compared to transmitting to a cluster-
head in LEACH. Second, onlyone node transmits to the 
BS in each round of communication. PEGASIS outper-
forms LEACH by limiting the number of transmissions, 
eliminating the overhead of dynamic. 

4.12 Max-Min D-Cluster Algorithm:

Authors proposed a clustering algorithm in which no 
nodes are more than d-hops away from the cluster 
head. The cluster head selection strategy developed, 
by having each sensor node initiate a 2d round of flood-
ing, from which results are considered. In order to se-
lect the cluster head nodes, follow a set of rule in which 
1std round called flummox, used to propagate largest 
node IDs and after completion of this round 2ndd round 
start which is called flagmen. This algorithm is appli-
cable only when two assumptions are made: all nodes 
that survive the flood max elect themselves cluster 
heads. During flooding, no node ID will propagate fur-
ther than d-hops from originating node. This algorithm 
provides load balancing among the cluster heads. 

4.13 PDCH: Pegasis Algorithm Improving 
Based on Double Cluster Head :

Authors proposed an algorithm based on hierarchical 
chain topology and this algorithm using bottom level 
cluster head and super level cluster head to improve 
the load balance. In the hierarchical structure, base 
station (BS) is the center of a circle. The BS will pre-
define the number of levels and every node’s distance 
to BS decided the level which it belongs to. Every node 
receives the signal from the BS, then according to the 
signal strength to detect the distance to BS. PDCH out-
perform to PEGASIS algorithm and it is also useful for 
large networks. 

4.14 GROUP :

GROUP clustering algorithms based on clustering algo-
rithm that provides scalable and efficient packet rout-
ing for large-scale WSNs. Only some parts of total num-
ber of sensor nodes participate in formation of cluster 
heads (CHs). In this, cluster heads are arranged in a grid 
manner and primary sink (One of the sink), dynamically 
and randomly builds the cluster grid. Greed Seed (GS) 
is a node within a given radius from the primary sink. 
Any queries from sink to nodes are propagated from 
greed seed to its cluster heads and so on. 

4.15 EECS: Energy Efficient Clustering Schemes 
:Authors proposed an algorithm in which cluster for-
mation is different from LEACH protocol.
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The weight functions at each sensor node, which is 
a combination of different parameters including: re-
sidual energy, number of neighbors and transmission 
power. Basically CFL clustering algorithm is designed 
for localization in WSNs. It is unable to work when the 
distribution of sensor nodes are not good. 

4.4 FoVs: Overlapped Field of View [11] :

Authors proposed a clustering algorithm for wireless 
multimedia sensor networks based on overlapped 
Field of View (FoV) areas. The main contribution of this 
algorithm is finding the intersection polygon and com-
puting the overlapped areas to establish clusters and 
determine cluster membership. For dense networks, 
overlapping FoVs causes wasting power of the system 
because of redundant sensing of the area. The aim of 
the clustering method is prolonging network lifetime 
and energy conservation. 

4.5 KOCA: K-Hop Overlapping Clustering Al-
gorithm [12] :

Authors proposed a clustering algorithm based on K-
hop overlapping which is used to overcome the prob-
lem of overlapping multi-hop clustering for WSNs. Goal 
of KOCA algorithm is generating connected overlap-
ping clusters that cover the entire sensor network 
with a specific average overlapping degree. Authors 
also found that KOCA produces approximately equal-
sized clusters, which allow equally distributing the 
load evenly over different clusters. In KOCA, clustering 
formation terminates in a constant time regardless of 
the network size. Under contention and severe errors, 
up to 10 percent, KOCA communication overhead is 
reduced due to the dropped packets. Author’s simula-
tion results show that clusters areapproximately equal 
in size. This is requiring achieving load balancing be-
tween different clusters. 

4.6 PEZCA: Power-Efficient Zoning Clustering 
Algorithm [13] :

Authors proposed a Power-Efficient Zoning Clustering 
Algorithm (PEZCA) which uses two algorithms: classi-
cal LEACH (Low-Energy Adaptive Clustering Hierarchy) 
and PEGASIS (Power-Efficient Gathering in Sensor In-
formation Systems).

In this algorithm, base station consider at a center of 
the scenario and the scenario area is divided into mul-
tiple fan shaped regions and the clusters closer to the 
base station have smaller sizes than those farther away 
from the base station. Thus CHs (cluster heads) near-
est to the BS (base station) can preserve more ener-
gy for inter-cluster data transmission. PEZCA provide 
more balance in energy consumption and life time of 
network comparisons to LEACH. 

4.7 VoGC: Voting-on-Grid clustering [14] :

In this author combined voting method and cluster-
ing algorithm, and developed new clustering schemes 
for secure localization of sensor networks. Authors 
also found that the newly proposed approaches have 
very good performances on localization accuracy and 
the detection rate of malicious beacon signals. In this 
scheme, malicious beacon signals are filtered out ac-
cording to the clustering result of intersections of lo-
cation reference circles. Authors used a voting-on-grid 
(VOGC) method instead of traditional clustering algo-
rithms to reduce the computational cost andfound that 
the scheme can provide good localization accuracy and 
identify a high degree of malicious beacon signals.

4.8 BARC: Battery Aware Reliable Clustering 
[15] :

In this clustering algorithm authors used mathematical 
battery model for implementation in WSNs. With this 
battery model authors proposed a new Battery Awar-
eReliable Clustering (BARC) algorithm for WSNs. It 
improves the performance over other clustering algo-
rithms by using Z-MAC and it rotates the cluster heads 
according to battery recovery schemes. A BARC algo-
rithm consists of two stages per round for selection of 
cluster heads: initialization or setup and steady state. 
In this formation of cluster, take place by electing a set 
of CHs. BARC enhances the network lifetime greatly 
compare to other clustering algorithms. 

4.9 Hausdroff Clustering:

Authors considered that, once cluster formations take 
place it’s remaining same throughout the network life-
time.
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This algorithm maximizes the lifetime of each cluster 
in order to increase the life time of the system. Cluster 
life time can be enhanced by rotating the role of clus-
ter heads (CHs) among the nodes in the cluster. Cluster 
heads selection basically based on the residual energy 
of the sensor nodes and it also used the proximity of 
neighbors as a secondary criterion for enhancing en-
ergy efficiency and further prolong the network life-
time. The Hausdroff clustering algorithm is equally ap-
plicable for both uniform and nonuniform sensor node 
initial energy distribution. 

4.10 HSA: Harmony Search Algorithms :

This is music based metaherustic optimization algo-
rithm which is analogous with a music improvisation 
process where musician continue to polish the pitches 
in order to obtain better harmony. By which it opti-
mizing the energy consumption and minimizing intra-
cluster distance of the network. In this the base station 
computes and allocates nodes into clusters according 
to the information of their residual energy and location. 
The operation has two phases: clustering setup and 
data transmission. This algorithm provides improve-
ment in term of power consumption and network life 
time over LEACH protocol. With a small network di-
ameter, energy consumption of the network is almost 
same when using different clustering protocols. 

4.11 PEGASIS: Power-Efficient Gathering in 
Sensor Information System :

By this author proposed algorithm PEGASIS that is 
a chain based protocol provide improvement over 
LEACH algorithms. In PEGASIS, each node communi-
cates only with a close neighbor and takes turns trans-
mitting to the base station, thus reducing the amount 
of energy spent per round. Using greedy algorithm, the 
nodes will be organized to form a chain, after that BS 
can compute this chain and broadcast it to all the sen-
sor nodes. Energy saving in PEGASIS over LEACH takes 
place by many stages: First, in the local data gathering, 
the distances that most of the sensor nodes transmit 
are much less compared to transmitting to a cluster-
head in LEACH. Second, onlyone node transmits to the 
BS in each round of communication. PEGASIS outper-
forms LEACH by limiting the number of transmissions, 
eliminating the overhead of dynamic. 

4.12 Max-Min D-Cluster Algorithm:

Authors proposed a clustering algorithm in which no 
nodes are more than d-hops away from the cluster 
head. The cluster head selection strategy developed, 
by having each sensor node initiate a 2d round of flood-
ing, from which results are considered. In order to se-
lect the cluster head nodes, follow a set of rule in which 
1std round called flummox, used to propagate largest 
node IDs and after completion of this round 2ndd round 
start which is called flagmen. This algorithm is appli-
cable only when two assumptions are made: all nodes 
that survive the flood max elect themselves cluster 
heads. During flooding, no node ID will propagate fur-
ther than d-hops from originating node. This algorithm 
provides load balancing among the cluster heads. 

4.13 PDCH: Pegasis Algorithm Improving 
Based on Double Cluster Head :

Authors proposed an algorithm based on hierarchical 
chain topology and this algorithm using bottom level 
cluster head and super level cluster head to improve 
the load balance. In the hierarchical structure, base 
station (BS) is the center of a circle. The BS will pre-
define the number of levels and every node’s distance 
to BS decided the level which it belongs to. Every node 
receives the signal from the BS, then according to the 
signal strength to detect the distance to BS. PDCH out-
perform to PEGASIS algorithm and it is also useful for 
large networks. 

4.14 GROUP :

GROUP clustering algorithms based on clustering algo-
rithm that provides scalable and efficient packet rout-
ing for large-scale WSNs. Only some parts of total num-
ber of sensor nodes participate in formation of cluster 
heads (CHs). In this, cluster heads are arranged in a grid 
manner and primary sink (One of the sink), dynamically 
and randomly builds the cluster grid. Greed Seed (GS) 
is a node within a given radius from the primary sink. 
Any queries from sink to nodes are propagated from 
greed seed to its cluster heads and so on. 

4.15 EECS: Energy Efficient Clustering Schemes 
:Authors proposed an algorithm in which cluster for-
mation is different from LEACH protocol.
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LEACH protocol cluster formation takes place on the 
basis of a minimum distance of nodes to their corre-
sponding cluster head. InEECS, dynamic sizing of clus-
ters takes place which is based on cluster distance from 
the base station. The results are an algorithm that ad-
dresses the problem that clusters at a greater distance 
from the sink requires more energy for transmission 
than those that are closer. Ultimately it provides equal 
distribution of energy in the networks, resulting in net-
work lifetime. Thus main advantage of this algorithm is 
the full connectivity can be achieved for a longer dura-
tion. So we can say it provides reliable sensing capabili-
ties at a larger range of networks for a longer period of 
time. It provides a 35 percent improvement in network 
life time over LEACH algorithm. 

4.16 EEUC: Energy Efficient Unequal Cluster-
ing :

This scheme is distance based scheme similar to EECS 
and it also required that every node has global identi-
fication such as its locations and distances to the base 
station. Hotspot is the main problem in WSNs because 
of multi hopping that occurs when CHs closer to the 
sink tend to die faster compare to another node in 
the WSNS, because they relay much more traffic than 
remote nodes. This algorithms partition the all nodes 
into clusters of unequal size, and clusters closer to the 
sink have smaller sizes than those farther away from 
the sink. Thus cluster heads (CHs) closer to the sink can 
conserved some energy for the inter-cluster data for-
warding. Energy consumed by cluster heads per round 
in EEUC much lower than that of LEACH standard but 
similar to HEED protocol. 

4.17 LCA: Linked Cluster Algorithms and LCA2 
:

A link cluster algorithm which was one of the oldest 
clustering algorithms developed for wired sensor net-
works, but later developed also for wireless sensor net-
works. In LCA each node has a unique ID number and 
selection of cluster heads in this algorithm depends 
upon two factors: Node has the highest ID number in 
the cluster. If none of its neighbors’ are cluster heads. 
Since LCA used TDMA frame for communication be-
tween the nodes, where each frame has slots for each 
network in the network to communicate. 

This means that LCA is only applicable for small net-
works and for larger network LCA impose greater com-
munication delay. Authors proposed LCA2 algorithm, 
in order to eliminate the election of an unnecessary 
number of cluster heads, as in LCA. 

4.18 Highest-connectivity cluster algorithm :

Authors, propose a highest-connectivity cluster algo-
rithm which is similar to LCA. In this algorithm instead 
of using the ID number for selection of cluster heads 
authors used connectivity by node. In this the node 
which is connected more number of nodes is elected 
as a cluster head .Highest-connectivity cluster algo-
rithm suffers from additional overhead associated with 
more frequent topology changes. Highest-connectivity 
cluster algorithm has a slightly larger cluster size than 
d-hop Max-Min clustering algorithms. 

4.19 PSO-Clustering :

Authors proposed PSO-clustering which have four vari-
ants of PSO: PSO-TVIW (PSO with time varying inertia 
weight), PSO-TVAC (PSO with time varying acceleration 
constants), HPSO-TVAC (hierarchical PSO-TVAC) and 
PSO-SSM (PSO with supervisor student mode) for en-
ergy aware clustering in WSNs. This algorithm is appli-
cable only when each node has fixed Omni-directional 
transmission range, the sensor field should be mapped 
into a 2-Dimensional space and nodes are randomly dis-
tributed. After deployment of the nodes, the nodes are 
static and the positions of the nodes are known to the 
base station. The base station runs the clustering algo-
rithm and updates nodes about their cluster-head and 
all nodes should have same transmission ranges and 
hardware configurations. 

4.20 PSO-C: Centralized-PSO :

Authors proposed centralized-PSO algorithms, in which 
the nodes which have energy above average energy re-
source are elected as the cluster heads. In this authors 
also compare this algorithm with LEACH protocol and 
with LEACH-C. Simulation results show that PSO out-
perform to LEACH and LEACH-C in term of network life 
time and throughput etc. It also outperforms GA and 
K-means based clustering algorithms. 
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LEACH-F: 

In this author proposed an algorithm in which the num-
ber of clusters will be fixed throughout the network 
lifetime and the cluster heads rotated within its clus-
ters. Steady state phase of LEACH-F is identical to that 
of LEACH. LEACH-F may or may not be provided energy 
saving and this protocol does not provide the flexibil-
ity to sensor nodes mobility or sensor nodes being re-
moved or added from the sensor networks.

LEACH-C: 

LEACH cluster formation algorithm has the disadvan-
tages of guarantee about the number of cluster head 
nodes and its placement. Since the clusters are adap-
tive, so there is poor clustering set-up during a round 
will affect overall performance. However, using a cen-
tral control algorithm to form the clusters may produce 
better clusters by distributing the cluster head nodes 
throughout the network.

LEACH-B :

Authors proposed decentralized algorithms of cluster 
formation in which sensor node only knows about own 
position and position of final receiver and not the posi-
tion of all sensor nodes. LEACH-B operates in following 
phases: Cluster head selection algorithm, Cluster for-
mation and data transmission with multiple accesses. 
Each sensor node chooses its cluster head by evalu-
ating the energy dissipated in the path between final 
receiver and itself. It provides better energy efficiency 
than LEACH. 

LEACH-ET: 

In this cluster will change only when one of the fol-
lowing conditions is satisfied: first, Energy consumed 
by anyone of the cluster head nodes (CHs) reach en-
ergy threshold (ET) in one round. Second, every sensor 
node should know the energy threshold (ET) value. If 
in initial phase, anyone of the cluster head nodes dies. 
If any sensor node acts as a cluster head node (CHs) in 
a certain round, it should have the energy dissipated-
value and compares the dissipated value with the en-
ergy threshold (ET) value.

ACHTH –LEACH: 

The author has induced ACHTH -LEACH to improve 
LEACH and rectify its defects. The clusters are set up 
based on the Greedy k-means algorithm. The cluster 
heads are elected by considering the residual energy 
of sensor nodes. And the cluster heads may adopt two-
top transmission to reduce the energy spent on send-
ing data to the BS. 

The simulation results show that ACHTH-LEACH effec-
tively prolong the lifespan of the network by the bal-
anced clustering approach and the two-hop communi-
cation to the BS. The performance of ACHTH-LEACH can 
be further improved if some parameters and threshold 
values are optimized in and the percent of nodes alive 
is less than threshold values are optimized.

MELEACH-L: 

In this paper the authors enumerated energy-efficient 
multi-channel routing protocol for wireless sensor 
networks. With the aid of controlling the size of each 
cluster and separating CHs from backbone nodes, 
MELEACH-L manages the channel assignment among 
neighbor clusters and the cooperation among CHs dur-
ing the data collection. Analysis and simulations clear-
ly show the validity of the two criteria for large-scale 
WSNs and the energy-efficiency of MELEACH-L. 

Table1: Time line of LEACH and Its Descen-
dant:
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LEACH protocol cluster formation takes place on the 
basis of a minimum distance of nodes to their corre-
sponding cluster head. InEECS, dynamic sizing of clus-
ters takes place which is based on cluster distance from 
the base station. The results are an algorithm that ad-
dresses the problem that clusters at a greater distance 
from the sink requires more energy for transmission 
than those that are closer. Ultimately it provides equal 
distribution of energy in the networks, resulting in net-
work lifetime. Thus main advantage of this algorithm is 
the full connectivity can be achieved for a longer dura-
tion. So we can say it provides reliable sensing capabili-
ties at a larger range of networks for a longer period of 
time. It provides a 35 percent improvement in network 
life time over LEACH algorithm. 

4.16 EEUC: Energy Efficient Unequal Cluster-
ing :

This scheme is distance based scheme similar to EECS 
and it also required that every node has global identi-
fication such as its locations and distances to the base 
station. Hotspot is the main problem in WSNs because 
of multi hopping that occurs when CHs closer to the 
sink tend to die faster compare to another node in 
the WSNS, because they relay much more traffic than 
remote nodes. This algorithms partition the all nodes 
into clusters of unequal size, and clusters closer to the 
sink have smaller sizes than those farther away from 
the sink. Thus cluster heads (CHs) closer to the sink can 
conserved some energy for the inter-cluster data for-
warding. Energy consumed by cluster heads per round 
in EEUC much lower than that of LEACH standard but 
similar to HEED protocol. 

4.17 LCA: Linked Cluster Algorithms and LCA2 
:

A link cluster algorithm which was one of the oldest 
clustering algorithms developed for wired sensor net-
works, but later developed also for wireless sensor net-
works. In LCA each node has a unique ID number and 
selection of cluster heads in this algorithm depends 
upon two factors: Node has the highest ID number in 
the cluster. If none of its neighbors’ are cluster heads. 
Since LCA used TDMA frame for communication be-
tween the nodes, where each frame has slots for each 
network in the network to communicate. 

This means that LCA is only applicable for small net-
works and for larger network LCA impose greater com-
munication delay. Authors proposed LCA2 algorithm, 
in order to eliminate the election of an unnecessary 
number of cluster heads, as in LCA. 

4.18 Highest-connectivity cluster algorithm :

Authors, propose a highest-connectivity cluster algo-
rithm which is similar to LCA. In this algorithm instead 
of using the ID number for selection of cluster heads 
authors used connectivity by node. In this the node 
which is connected more number of nodes is elected 
as a cluster head .Highest-connectivity cluster algo-
rithm suffers from additional overhead associated with 
more frequent topology changes. Highest-connectivity 
cluster algorithm has a slightly larger cluster size than 
d-hop Max-Min clustering algorithms. 

4.19 PSO-Clustering :

Authors proposed PSO-clustering which have four vari-
ants of PSO: PSO-TVIW (PSO with time varying inertia 
weight), PSO-TVAC (PSO with time varying acceleration 
constants), HPSO-TVAC (hierarchical PSO-TVAC) and 
PSO-SSM (PSO with supervisor student mode) for en-
ergy aware clustering in WSNs. This algorithm is appli-
cable only when each node has fixed Omni-directional 
transmission range, the sensor field should be mapped 
into a 2-Dimensional space and nodes are randomly dis-
tributed. After deployment of the nodes, the nodes are 
static and the positions of the nodes are known to the 
base station. The base station runs the clustering algo-
rithm and updates nodes about their cluster-head and 
all nodes should have same transmission ranges and 
hardware configurations. 

4.20 PSO-C: Centralized-PSO :

Authors proposed centralized-PSO algorithms, in which 
the nodes which have energy above average energy re-
source are elected as the cluster heads. In this authors 
also compare this algorithm with LEACH protocol and 
with LEACH-C. Simulation results show that PSO out-
perform to LEACH and LEACH-C in term of network life 
time and throughput etc. It also outperforms GA and 
K-means based clustering algorithms. 
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LEACH-F: 

In this author proposed an algorithm in which the num-
ber of clusters will be fixed throughout the network 
lifetime and the cluster heads rotated within its clus-
ters. Steady state phase of LEACH-F is identical to that 
of LEACH. LEACH-F may or may not be provided energy 
saving and this protocol does not provide the flexibil-
ity to sensor nodes mobility or sensor nodes being re-
moved or added from the sensor networks.

LEACH-C: 

LEACH cluster formation algorithm has the disadvan-
tages of guarantee about the number of cluster head 
nodes and its placement. Since the clusters are adap-
tive, so there is poor clustering set-up during a round 
will affect overall performance. However, using a cen-
tral control algorithm to form the clusters may produce 
better clusters by distributing the cluster head nodes 
throughout the network.

LEACH-B :

Authors proposed decentralized algorithms of cluster 
formation in which sensor node only knows about own 
position and position of final receiver and not the posi-
tion of all sensor nodes. LEACH-B operates in following 
phases: Cluster head selection algorithm, Cluster for-
mation and data transmission with multiple accesses. 
Each sensor node chooses its cluster head by evalu-
ating the energy dissipated in the path between final 
receiver and itself. It provides better energy efficiency 
than LEACH. 

LEACH-ET: 

In this cluster will change only when one of the fol-
lowing conditions is satisfied: first, Energy consumed 
by anyone of the cluster head nodes (CHs) reach en-
ergy threshold (ET) in one round. Second, every sensor 
node should know the energy threshold (ET) value. If 
in initial phase, anyone of the cluster head nodes dies. 
If any sensor node acts as a cluster head node (CHs) in 
a certain round, it should have the energy dissipated-
value and compares the dissipated value with the en-
ergy threshold (ET) value.

ACHTH –LEACH: 

The author has induced ACHTH -LEACH to improve 
LEACH and rectify its defects. The clusters are set up 
based on the Greedy k-means algorithm. The cluster 
heads are elected by considering the residual energy 
of sensor nodes. And the cluster heads may adopt two-
top transmission to reduce the energy spent on send-
ing data to the BS. 

The simulation results show that ACHTH-LEACH effec-
tively prolong the lifespan of the network by the bal-
anced clustering approach and the two-hop communi-
cation to the BS. The performance of ACHTH-LEACH can 
be further improved if some parameters and threshold 
values are optimized in and the percent of nodes alive 
is less than threshold values are optimized.

MELEACH-L: 

In this paper the authors enumerated energy-efficient 
multi-channel routing protocol for wireless sensor 
networks. With the aid of controlling the size of each 
cluster and separating CHs from backbone nodes, 
MELEACH-L manages the channel assignment among 
neighbor clusters and the cooperation among CHs dur-
ing the data collection. Analysis and simulations clear-
ly show the validity of the two criteria for large-scale 
WSNs and the energy-efficiency of MELEACH-L. 

Table1: Time line of LEACH and Its Descen-
dant:
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LEACH-DCHS-CM: 

The authors have presented a LEACH-DCHS-CM algo-
rithm against the characteristic of the frequent forma-
tion of the clusters in LEACH-DCHS algorithm. High-
lighted the option of using energy balance clustering 
algorithm when the number of failed nodes up to a cer-
tain extent. As a future wok main concentration on the 
“certain value” settings of nodes also deserve further 
research. 

TB-LEACH: 

A new protocol of Cluster-Head Selection Algorithm 
for LEACH based on time (TB-LEACH). Principle of TB-
LEACH is stated and the main flowchart and pseudo 
codes realizing TB-LEACH. Analysis between new pro-
tocol and LEACH protocol is done which significantly 
shows that there is an improvement which is done by 
formation of a constant number of clusters; TB-LEACH 
constructs the cluster by using an algorithm based ran-
dom-timer, which doesn’t require any globalinforma-
tion. Also the simulation results confirm the TB-LEACH 
provides the best energy efficiency and the longer net-
work lifetime in comparison to LEACH. 

LEACH-TM: 

In this paper as compared to LEACH which have certain 
drawbacks a new improved LEACH-TM introduces the 
concept of Trust, designs the cluster-head adjusting 
procedure and establishes a multi - path with cluster-
heads acting as routers. The simulation confirms that 
LEACH-TM over comes the deficiency makes in the reli-
ability of data transmission, the distribution of cluster 
heads and the lifetime of networks. 

A-LEACH: 

LEACH protocol suffers with the problem that Head 
node spends the more energy in comparison to others. 
In this paper it is proposed how effectively to process 
data using a mobile agent technique based LEACH. So 
that the task of energy saving and reliable data is ful-
filled. In this paper, the authors have elaborated how 
to select the cluster heads in every round which de-
pends both on current state probability and general 
probability. 

Armor-LEACH: 

This protocol as compared to LEACH, Sec-LEACH the 
Armor-LEACH provides large sensor networks with 
high energy saving, and high level of performance, 
three times better. Simultaneously it produces a higher 
level of security than it produced by LEACH and TCCA. 
Final results produced provide a very efficient solution 
for sensor networks communications. 

A-LEACH: 

In this paper Author has elaborated energy-efficient 
communication protocol, called optical LEACH (a-
LEACH), for hybrid sensor networks that incorporate 
distributed optical fiber sensor links located at the cen-
ter and two isolated wireless sensor networks (WSNs) 
with randomly scattered nodes. Simulation results indi-
cate performance in terms of lifetime is simulated with 
-30% improvements over LEACH protocol. 

LEACH-H: 

In order to enhance life span of WSN a new protocol 
LEACH-H is developed which includes pros and cons 
of both LEACH and LEACH-C. Analysis of LEACH and 
LEACH-C is working out by authors which are classic 
WSN cluster routing protocols. It is suitable for applica-
tions in the large-scale WSN. 

LEACH-Mobile: 

Protocols such as LEACH suitable for clusters are best 
suited for routing in wireless sensor networks. LEACH-M 
which is developed and best suited for mobility centric 
environments with some modification was suggested 
in the basic scheme. LEACH-Mobile is one such proto-
col. The proposed LEACH-M protocol improves in the 
mobile scenario by ensuring whether a sensor node is 
able to communicate with its cluster head .

5. Results :

We have surveyed the state-of-art of different cluster-
ing algorithms in wireless sensor networks along with 
LEACH and descendant reported in the literature of 
WSNs till today and presented the comparison of dif-
ferent LEACH descendant. 
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We have found that the some energy efficientalgo-
rithms increases the network lifetime Although every 
effort has been made to provide complete and accu-
rate state of the art survey on energy efficient cluster-
ing algorithms along withLEACH and its descendant 
asapplicable to WSNs.
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LEACH-DCHS-CM: 

The authors have presented a LEACH-DCHS-CM algo-
rithm against the characteristic of the frequent forma-
tion of the clusters in LEACH-DCHS algorithm. High-
lighted the option of using energy balance clustering 
algorithm when the number of failed nodes up to a cer-
tain extent. As a future wok main concentration on the 
“certain value” settings of nodes also deserve further 
research. 

TB-LEACH: 

A new protocol of Cluster-Head Selection Algorithm 
for LEACH based on time (TB-LEACH). Principle of TB-
LEACH is stated and the main flowchart and pseudo 
codes realizing TB-LEACH. Analysis between new pro-
tocol and LEACH protocol is done which significantly 
shows that there is an improvement which is done by 
formation of a constant number of clusters; TB-LEACH 
constructs the cluster by using an algorithm based ran-
dom-timer, which doesn’t require any globalinforma-
tion. Also the simulation results confirm the TB-LEACH 
provides the best energy efficiency and the longer net-
work lifetime in comparison to LEACH. 

LEACH-TM: 

In this paper as compared to LEACH which have certain 
drawbacks a new improved LEACH-TM introduces the 
concept of Trust, designs the cluster-head adjusting 
procedure and establishes a multi - path with cluster-
heads acting as routers. The simulation confirms that 
LEACH-TM over comes the deficiency makes in the reli-
ability of data transmission, the distribution of cluster 
heads and the lifetime of networks. 

A-LEACH: 

LEACH protocol suffers with the problem that Head 
node spends the more energy in comparison to others. 
In this paper it is proposed how effectively to process 
data using a mobile agent technique based LEACH. So 
that the task of energy saving and reliable data is ful-
filled. In this paper, the authors have elaborated how 
to select the cluster heads in every round which de-
pends both on current state probability and general 
probability. 

Armor-LEACH: 

This protocol as compared to LEACH, Sec-LEACH the 
Armor-LEACH provides large sensor networks with 
high energy saving, and high level of performance, 
three times better. Simultaneously it produces a higher 
level of security than it produced by LEACH and TCCA. 
Final results produced provide a very efficient solution 
for sensor networks communications. 

A-LEACH: 

In this paper Author has elaborated energy-efficient 
communication protocol, called optical LEACH (a-
LEACH), for hybrid sensor networks that incorporate 
distributed optical fiber sensor links located at the cen-
ter and two isolated wireless sensor networks (WSNs) 
with randomly scattered nodes. Simulation results indi-
cate performance in terms of lifetime is simulated with 
-30% improvements over LEACH protocol. 

LEACH-H: 

In order to enhance life span of WSN a new protocol 
LEACH-H is developed which includes pros and cons 
of both LEACH and LEACH-C. Analysis of LEACH and 
LEACH-C is working out by authors which are classic 
WSN cluster routing protocols. It is suitable for applica-
tions in the large-scale WSN. 

LEACH-Mobile: 

Protocols such as LEACH suitable for clusters are best 
suited for routing in wireless sensor networks. LEACH-M 
which is developed and best suited for mobility centric 
environments with some modification was suggested 
in the basic scheme. LEACH-Mobile is one such proto-
col. The proposed LEACH-M protocol improves in the 
mobile scenario by ensuring whether a sensor node is 
able to communicate with its cluster head .

5. Results :

We have surveyed the state-of-art of different cluster-
ing algorithms in wireless sensor networks along with 
LEACH and descendant reported in the literature of 
WSNs till today and presented the comparison of dif-
ferent LEACH descendant. 
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We have found that the some energy efficientalgo-
rithms increases the network lifetime Although every 
effort has been made to provide complete and accu-
rate state of the art survey on energy efficient cluster-
ing algorithms along withLEACH and its descendant 
asapplicable to WSNs.
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