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ABSTRACT 
WSN is a set of connected tiny devices (sensor nodes) with limited energy resource. WSNs have ability to extract the 

information from the harsh and hostile environment without human interaction. Once, WSN is deployed, it is 

impossible to recharge or replace the energy resource due to inaccessibility of nodes. So, network lifetime and fault 

tolerance are critical parameters. It’s become very important to handle energy resource carefully as it plays vital role 

in prolonging the network lifetime. In this paper WSN ADVANCEMENT IN LEACH PROTOCOL Routing Protocols 

are discussed to enhance the deep understanding of underlying issues in this domain. 
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     INTRODUCTION 
CURRENT RESEARCH SCENARIO 

Manjeshwar and Agrawal(2001)have proposed 

another hierarchical routing protocol TEEN 

(Threshold sensitive Energy Efficient sensor Network 

protocol)for reactive networks that responds 

immediately to changes in the relevant parameters of 

interest. During the whole lifetime of the reactive 

network each sensor nodes (SNs) continually sense the 

environment and are not supposed to go in sleep mode. 

In this protocol a clusters head (CH) broadcasts a hard 

threshold value and a soft one to its members. Hard 

threshold is an absolute threshold value for the sensed 

attributes. Soft threshold is a small change in the value 

of the sensed attribute. The nodes sense their 

environment continuously. The first time a parameter 

from the attribute set reaches its hard threshold value, 

the node switches on its transmitter and sends its 

sensed data. The nodes will then transmits data in the 

current cluster period if the following conditions are 

true: the current value of the sensed attribute is greater 

than the hard threshold, and the current value of the 

sensed attribute differs from sensed value by an 

amount equal to or greater than the soft threshold. 

Proposed protocol performs better in terms of energy 

spend in transmitting messages to the CH. 

 

Heinzelmanet al. (2002) proposed LEACH-C, which 

uses centralized clustering mechanism to form the 

clusters. Since LEACH selects the cluster head 

randomly, two or more CHs may be placed very close 

to one another that cause member nodes to bridge long 

distance to transmit the data. It results in draining the 

battery power. Also clustering is adaptive, it may 

obtain a poor clustering. LEACH-C proposes to 

overcome such clustering issues by dispersing cluster 

head nodes throughout the network. This is because 

the BS has global knowledge of the location and 

energy of all the nodes in the network, so it can 

produce better clusters that require less energy for data 

transmission. Each node is considered to have enough 

energy to reach the base stationand GPS system to 

locate the nodes. LEACH-C also has two phases as 

LEACH but it differs in setup phase. BS ensures 

evenly distribution of energy among the nodes. Every 

node sends the energy level and current location 

(determined by GPS) to base station. For effective 

clustering, BS calculates the average node energy in 

the network, nodes that have energy below average 

node energy cannot be cluster heads for the current 

round. Remaining nodes have the possibility to 

become a cluster head. BS uses simulated annealing 

algorithm to solve the NP-hard problem of finding 

optimal number of clusters. This algorithm attempts to 

minimize the amount of energy for the non-cluster 

head nodes to transmit their data to the cluster head, 

by minimizing the total sum of squared distances 

between all the non-cluster head nodes and the closest 

cluster head. Once the cluster heads and associated 
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clusters are established, BS broadcasts the clusters 

head IDs. If a node’s ID matches with the cluster head 

ID, it becomes a cluster head, otherwise wait for its 

TDMA slot to transmit the data to CH and goes to 

sleep until its time to transmit data. The steady-state 

phase of LEACH-C is identical to that of LEACH. 

 

Handy et al. (2002) propose LEACH with 

deterministic cluster head selection. This work 

proposes a modification of LEACH’s stochastic 

cluster head selection algorithm by deterministic 

cluster head selection component. The stochastic 

cluster-head selection does not lead to minimum 

energy consumption during data transmission within a 

cluster. Cluster heads can be located near the edges of 

the network or adjacent nodes can become cluster 

heads. In these cases some nodes have to bridge long 

distances to reach a cluster-head. Authors compare the 

LEACH with the proposed method by introducing 

three new matrices, first-node-dies (FND), half of the 

nodes alive (HNA) and last node dies (LND). To 

replace the stochastic selection method by a 

deterministic element, authors modify the threshold 

equation to select the CHs. 

𝑇(𝑛)𝑛𝑒𝑤 =  
𝑃

1 − 𝑃 (𝑟 𝑚𝑜𝑑 
1

𝑃
)

[
𝐸𝑛_𝑐𝑢𝑟𝑟𝑒𝑛𝑡

𝐸𝑛_𝑚𝑎𝑥

+ (𝑟𝑠𝑑𝑖𝑣 
1

𝑃
) (1 −

𝐸𝑛_𝑐𝑢𝑟𝑟𝑒𝑛𝑡

𝐸𝑛_𝑚𝑎𝑥
)] 

Where rs is the number of consecutive rounds in which 

a node has not been cluster-head, 𝐸𝑛_𝑐𝑢𝑟𝑟𝑒𝑛𝑡is the 

residual energy of nth node and𝐸𝑛_𝑚𝑎𝑥is the initial 

energy of nodes. When rs reaches the value 1/P, the 

threshold T(n)new is reset to the value it had before the 

inclusion of the remaining energy into the threshold-

equation. Thus, the chance of a node n to become 

cluster head increases because of a higher threshold. 

Simulations show that such a modification of the 

cluster-head threshold can increase the lifetime of a 

LEACH micro sensor network by 30 % for FND and 

more than 20 % for HNA. 

 

Lindsey and Raghavendra (2002)proposed an 

enhancement over the LEACH protocol known as 

Power-Efficient Gathering in Sensor Information 

Systems (PEGASIS). The main idea of PEGASIS 

protocol is for each node to receive from and transmit 

to closest neighbors and take turns in communicating 

with the BS in order to extend network lifetime. It is a 

near optimal chain-based protocol. When all nodes 

complete the round of communication with the BS, a 

new round starts, and so on. This reduces the power 

required to transmit data per round as the power 

draining is spread uniformly over all nodes. Hence, 

PEGASIS has two main objectives. First, increase the 

lifetime of each node by using collaborative 

techniques. Second, allow only local coordination 

between nodes that are close together so that the 

bandwidth consumed in communication is reduced. 

Unlike LEACH, PEGASIS does not organize the 

network into clusters rather build up neighbor nodes in 

a chain and let one of them to transmit the data to the 

BS. To find the closest neighbor node in PEGASIS, 

signal strength is used to measure the distance to all 

neighboring nodes and then adjusts the signal strength 

so that only one neighbor node can be heard. The chain 

in PEGASIS will consist of those nodes that are closest 

to each other and form a path to the BS. Each node 

fuses its data with the received message from the 

neighbor node and transmits to the next neighbor in 

the chain. Any node in the chain will be sent 

aggregated data to the BS and the nodes in the chain 

will take turns sending to the BS. The chain is formed 

by using the greedy algorithm. Simulation results 

showed that PEGASIS is able to increase the lifetime 

of the network twice that under the LEACH protocol. 

Although the clustering overhead is removed, 

PEGASIS still requires dynamic topology adjustment 

since a sensor node needs to know about the energy 

status of its neighbors in order to know where to route 

its data. Such topology adjustment can introduce 

significant overhead, especially for highly utilized 

networks. Moreover, PEGASIS assumes that each 

sensor node is able to communicate with the BS 

directly. In practical cases, sensor nodes use multi hop 

communication to reach the BS. Also, PEGASIS 

assumes that all nodes have knowledge of the network 

and all have the same level of energy and are likely to 

die at the same time. PEGASIS introduces excessive 

delay for distant nodes on the chain. In addition, the 

single leader can become a bottleneck.  

 

Cui (2007)has proposed an enhancement in LEACH’s 

cluster head selection algorithm by considering the 

network load balance, multihop, residual energy of 

nodes and other relative parameters. LEACH elects 

the CHs depending on the number of rounds from 

which a node is not selected as a CH. A node cannot 

be selected for CH until 1/p rounds from the current 

round, where p is the percentage of cluster heads. It 

may cause some nodes with small amount of energy 

die quickly. To prevent from such an unstable 

situation, author proposed a timer approach for CH 

selection. In set up phase each node produce a timer 

which is inversely proportional to the remaining 

energy. Each node generates a random number 
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between 0 and 1 when timer value is reached. The 

generated number is compared with threshold as in 

LEACH, if it qualifies the CHs criteria than it 

broadcast the message to be a CH. If other nodes 

receive the cluster information before the timer 

reaches, it canceled the timer and join one of the 

appropriate cluster. Results showed that proposed 

method obtain longer live time and fair CH selection. 

Xiangning and Song (2007) have proposed two 

modified protocols of LEACH as Energy-LEACH and 

Multihop-LEACH. Energy-LEACH protocol 

improves the way of selection of CH by considering 

the residual energy of nodes as the main matrix. Upon 

this residual energy matrix, proposed method decides 

whether a node is CH to next round or not. The nodes 

with higher residual energy have more chance for 

selection of CH in the very next round and prevent the 

whole network to die too early. Multihop-LEACH 

protocol improves the communication among the CH 

and sink. Some of the CHs are far away from the BS. 

They have to bridge long distance to reach the BS. 

Proposed method finds the optimal multihop path and 

allows sending the information to the BS. The results 

obtained by adopting these two approaches show 

considerable improvements in the proposed scheme 

compared to the earlier schemes of its category. 

Junpinget al. (2008) has presented a Time-based 

Cluster-Head Selection Algorithm for LEACH (TB-

LEACH). Two major modifications have done to 

achieve the goal. First, each node will not choose a 

random number for cluster head competition instead 

will choose random time interval. Nodes which have 

the shortest time interval wins the competition and 

become cluster heads. Second, TB-LEACH makes 

constant the number of CHs. In order to achieve the 

constant number of CHs, a counter is set. When the 

number of CHs in a particular round reached the 

specified counter value, nodes no longer continue 

competition for CHs. Simulation results showed that 

TB-LEACH outperforms LEACH by 20% to 30% in 

terms of network lifetime. 

Houet al. (2009) has proposed Energy and Distance 

LEACH (EDL) by taking residual energy and distance 

of SNs as the key parameters. The proposed scheme 

performs CHs distribution in actual limited regions 

more uniformly and thus avoiding unnecessary energy 

loss which is due to the short distance between CHs. 

In data transmission stage, single hop communication 

mode is used among either SNs nodes or CH and sink 

node. The proposed protocol is suitable for both 

homogeneous and heterogeneous networks. 

Liu et al.(2009)proposed a new clustering mechanism 

based on LEACH protocol (M-LEACH). Authors 

proposed two improvements on LEACH protocol. 

First, an improved approach is presented for adjusting 

the node threshold by multiplying the energy ratio 

factor to the classical LEACH threshold. Second, each 

node has to join the optimal cluster which is given by 

the following equation 

𝐹 =  𝑤1 ∗
𝐸𝑛_𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙 − 𝐸𝑛_𝑖𝑛𝑖𝑡𝑖𝑎𝑙

𝐸𝑛_𝑖𝑛𝑖𝑡𝑖𝑎𝑙
 + 𝑤2

∗
𝑑𝑡𝑜_𝑐ℎ

𝑀𝐴𝑋_𝑑_𝑡𝑜_𝑐ℎ
+ 𝑤3

∗
𝑑𝑡𝑜_𝑏𝑠 − 𝑀𝐼𝑁_𝑑_𝑡𝑜_𝑏𝑠

𝑀𝐴𝑋_𝑑_𝑡𝑜_𝑏𝑠 − 𝑀𝐼𝑁_𝑑_𝑡𝑜_𝑏𝑠
 

Where, w1, w2 and w3 are the weights whose sum is 

equal to 1,𝐸𝑛_𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙is the current residual energy 

ofcandidate CH nodes,𝐸𝑛_𝑖𝑛𝑖𝑡𝑖𝑎𝑙  is the initial energy of 

candidate CH nodes, 𝑑𝑡𝑜_𝑐ℎis the distance to between 

node and CH, 𝑀𝐴𝑋_𝑑_𝑡𝑜_𝑐ℎ is the farthest range from 

cluster head nodes, 𝑀𝐴𝑋_𝑑_𝑡𝑜_𝑏𝑠 is the farthest distance 

from all the cluster head to BS while 𝑀𝐼𝑁_𝑑_𝑡𝑜_𝑏𝑠 is 

shortest.M-LEACH extends system lifetime 10% in 

terms of FND, 7% in terms of HNA. 

Farooqet al. (2010) has proposed Multi-hop Routing 

with Low Energy Adaptive Clustering Hierarchical 

(MR-LEACH) protocol. It partitions the network into 

different layers of clusters. MR- LEACH introduced 

the concept of equal clustering, i.e., any node in the 

given cluster layer will reach the BS in equal number 

of hops. Major contributions of MR-LEACH were to 

reduce the average distance of each CH from its upper 

level CH so that in reaching the BS, the energy 

consumption is distributed among different CHs 

which results in longer network lifetime. Selection of 

CHs at second and other subsequent levels is made by 

the BS so that the computational cost at SNs level can 

be reduced. It works in the following three phases: 

cluster formation at the lowest level, cluster discovery 

at different levels by BSand scheduling. In the cluster 

formation at the lowest level, each node broadcast the 

HELLO message to its neighboring nodes within the 

transmission range. Each node maintains the table 

about the node ID, residual energy and current status. 

If a particular node has highest residual energy than all 

its neighboring nodes then it will elect itself as CH. In 

the second phase, BS locates the CH using the 

broadcast message. BS broadcasts its id to all the CHs 

which are one hop away from it and in reply the CHs 

also send their id and layer on which they are 

operating. After CH formation, a TDMA schedule is 
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performed for sending the data to CH to BS. The 

performance of the proposed MR-LEACH was found 

better than LEACH in terms of energy consumption 

and network lifetime. 

 

Xuet al. (2010) has proposed Improved LEACH 

Cluster Head Multi-hops Algorithm in Wireless 

Sensor Networks (LEACH-R). Authors analyzed the 

LEACH protocol and put forward the improvement on 

LEACH by considering the CH multihop, node 

energy, optimal number of cluster head, CHs selection 

and limiting the number of nodes within a cluster 

parameters to balance energy depletion of each node. 

LEACH-R puts the restriction on the size of a cluster 

by defining the upper and lower limit on the number 

of nodes within the cluster. Clusters which are near the 

BS have smaller number of nodes making cluster 

heads consume less energy. In data transmission, the 

main idea is to find the cluster head which has shortest 

distance from the BS to all the cluster heads and 

finding the shortest distance between this cluster and 

another cluster head. Based on this, it established 

reverse shortest path. After establishing the path, CHs 

transmit data to the BS. The experiments showed that 

proposed methodology effectively balanced the node 

energy and extend the network lifetime.  

Tong and Tang (2010) have proposed Balanced 

LEACH (LEACH-B) protocol that overcomes from 

the problems of fluctuation of the number of CHs.For 

the CH selection, it considered the residual energy of 

SNs as the parameter. Moreover, it has been found that 

the proposed protocol gives theconstant number of 

CHs and is near optimal per round. In the inception 

round, this scheme select the CH based upon the 

LEACH protocol and in the second round node 

residual energy parameter is considered for CH 

selection. 

Xunboet al. (2010) has proposed An Improved 

LEACH (LEACH_Sin) For Clustering Protocols in 

WSNs that solve the problem of the asymmetrical 

distribution of the CHs in LEACH. To select the CHs 

in a round, LEACH_Sin modifies the threshold 

equation in (Heinzelmanet al., 2000) by multiplying 

it with the proposed adjustment function which 

considers distance between nodes & the BS and round 

number. A node may be a CH depending on the 

threshold value.All the SNs in the network have equal 

chances to become the CH that balance the energy 

consumption. This new adjustment function provides 

symmetrical distribution of CHs in network. 

Simulation results show that the parameter FND has 

the improvement of 14%, in other words, the lifetime 

of the network is prolonged.  

Based on the above problems, authors have designed 

ER-LEACH protocol that enhances the lifetime of 

WSNs through load balancing using following steps: 

I. By enhancing the selection of the CH during 

setup phase. 

II. By using an alternative CH to take the role of 

the CH in case that the underlying CH dies. 

III. By using zone routing protocol for load 

balancing of WSNs. 

IV. By performing well especially when the 

mobility is very high. 

Bakr andLilien(2011)proposed LEACH-SM 

protocol by enhancing it with an efficient management 

of spares. In LEACH-SM, authors added a new phase 

called spare selection phase to LEACH. LEACH-SM 

reduces the energy-consumption inefficiencies of 

LEACH by identification of spares alone that 

increases the overall WSN lifetime. Spare phase 

follows the setup phase, and is followed by the regular 

operation of the WSN. Spare selection is done by 

running the Decentralized Energy efficient Spare 

Selection Technique (DESST). Each node in all 

clusters runs DESST in parallel to decide whether it 

should become a spare or not. It is done in such a way 

that the above-threshold target coverage is maintained 

by the WSN. All spares go asleep in terms to conserve 

energy and awakened when the probability that any 

primary node exhausted its energy reaches a 

predefined value. As the result, WSN’s lifetime is 

extended. 

 

Liu et al. (2011) has proposed Genetic Algorithm-

Based Energy-Efficient Adaptive Clustering 

(LEACH-GA) Protocol for Wireless Sensor Networks 

with an optimal probability prediction to achieve long 

lifetime of the network. Before the first round, an 

additional preparation phase is added followed by the 

setup and steady state phases. In preparation phase, 

each node perform CHs selection procedure and then 

send messages with their status of being a CH or not, 

IDs and current positions to the BS. After receiving the 

messages from all nodes, BS searches for an optimal 

probability of nodes being CHs using genetic 

algorithm by minimizing the total energy consumption 

required for completing the round. Simulation results 

show that proposed protocol outperforms minimum 

transmission energy (MTE), direct transmission (DT) 

and LEACH protocols in terms of network lifetime. 
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Padmanabhan and Kamalakkannan (2012)have 

proposed another energy efficient hierarchical routing 

protocol for WSNs. Authors proposed a modified 

energy efficient base station controlled dynamic 

clustering protocol (EBCDCP) in which CHs are 

selected on the bases of residual energy by the BS. BS 

uses iterative cluster splitting algorithm to find the 

number of clusters and CHs. A balanced clustering 

technique is used to make all the clusters equal in size. 

Minimum spanning tree algorithm is used to connect 

the CHs. All the member nodes send their sensed data 

to the associated CHs. CHs selects one of them as a 

leader dynamically and all other CHs have to send 

their data to the selected leader in term to transmit to 

the BS. The simulation results show that EBCDCP 

improves network lifetime by utilizing high energy BS 

and CH-to-CH routing scheme to transfer fused data 

to the BS. 

Zhao et al. (2012) has improved LEACH routing 

communication protocol for WSNs. In this work, 

authors introduced the idea of vice CH. The classical 

hierarchical protocols such as LEACH and LEACH-C 

waste certain amount of energy in reclustering after 

every steady state phase. Proposed scheme introduces 

the concept of vice CH (VCH). During data 

transmission, each CH learns about the status of their 

member nodes. Based on the residual energy, CH 

appoints a member node as a CH for next round. 

Proposed scheme modifies the traditional equation for 

selecting the CHs by taking dynamic change of nodes’ 

energy into consideration as follows. 

 

𝑇(𝑛)  = {

𝑝

1 − 𝑝 ∗ (𝑟 𝑚𝑜𝑑 
1

𝑝
)

 × [
𝐸𝑛_𝑐𝑢𝑟𝑟𝑒𝑛𝑡

𝐸𝑛_𝑖𝑛𝑖𝑡
+ (1 −

𝐸𝑛_𝑐𝑢𝑟𝑟𝑒𝑛𝑡

𝐸𝑛_𝑖𝑛𝑖𝑡
) ×

𝑝

𝐶𝐻_𝑡𝑖𝑚𝑒𝑠 + 𝑉𝐶𝐻_𝑡𝑖𝑚𝑒𝑠 + 1
]   𝑖𝑓 𝑛 ∊ 𝐺       

0                                                                                                                                                    𝑂𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒   

} 

 

Where En_init,En_current are the initial and current energy 

of nodes respectively and 𝐶𝐻_𝑡𝑖𝑚𝑒𝑠(𝑉𝐶𝐻_𝑡𝑖𝑚𝑒𝑠) is the 

time of being selected for CH (VCH). In this work, 

authors used  the member nodes’ information 

dynamically achieved by CHs in the steady phase to 

choose the vice cluster heads (VCHs) which take over 

the role of cluster heads in the later period of steady 

phase. Comparing with the traditional LEACH and 

LEACH-C, the VCHs proposed will diminish the 

frequency of reclustering in the same interval and 

prolong the time of being in steady-state phase, which 

will prolong the lifetime of the whole network. 

 

CONCLUSION 
This paper gives a brief overview about 

ADVANCEMENT IN LEACH PROTOCOL.  Lots of 

advancements are going on in this specific domain. 

Continuous evolution in this area has added various 

dimensions in base atoms of concerned area. This 

study will be helpful for those working in the area 

ADVANCEMENT IN LEACH PROTOCOL. 
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