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Abstract: In a widespread application wireless sensor network plays an important role in the network protocols 

like 4G, 5G etc. In this paper, the  implementation of  energy saving based  hierarchical  protocol  Low Energy 

Adaptive Clustering Hierarchy (LEACH)  and its improved variants is proposed. LEACH  plays an essential 

role in the  backbone of  any wireless sensor network (WSN) implementation. .A modified hybrid fusion routing 

algorithm of Quadrature- LEACH (Q- LEACH), Enhanced-LEACH (E- LEACH) and centralized- LEACH (C- 

LEACH) has been proposed in terms of stability, network lifetime, comparative curve based analysis, false 

alarm rate and throughput. The comparative performance analysis of  the proposed three algorithms has been 

carriedout. 

Keywords: Wireless Sensor Networks (WSN), Low Energy Adaptive Clustering Hierarchy (LEACH), 
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1. INTRODUCTION 

 

In recent years, Wireless sensor network has 

an increased usage over a wide range of applications 

ranging from a simple and effective home monitoring 

system from a remote location, hospital management, 

military applications, monitoring of remote locations 

for possible disaster prediction and management. The 

WSN is comprised of a number of nodes deployed in 

the field under study and information from these 

sensors being sensed and transmitted in the form of 

packets of information continuously to the source 

through a gateway through the wireless transfer 

protocol. The information from these nodes could also 

be transmitted to cloud to enable the users to access 

required information as and when required from any 

point of the globe. A wireless sensor network has a 

sensor mode, sink node and a management node [1]. 

A large number of self-organizing sensor nodes are 

established by monitoring the constituting area on the 

network. The data monitored by sensor nodes are 

transmitted one by one, along the nodes by a multi-

hop routing that will reach the sink node after through 

the management node either by the wired or wireless 

Internet. Routing forms the backbone behind any 

WSN implementation as the efficiency of any WSN 

network is determined by how effectively the 

information from the sensor nodes is being 

transmitted from source to destination [2]. It is further 

defined by several attributes such as packet loss which 

defines the number of packets that have been 

effectively transferred to destination to the total 

number of packets in the initial stage ready for 

transmission. Selection of shortest path for routing the 

information from source to destination plays a major 

role in the working of a routing algorithm. The 

routing algorithm should also be able to ensure 

smooth transfer of information even in cases of 

unpredictable eventual failure of links, channels or 

nodes due to low levels of energy levels in the battery 

or battery failures. In such circumstances, the routing 

algorithm should be able to discover an alternate path 

in the shortest time possible so as to ensure a smooth 

transition and thereby prevent traffic congestion in the 

failed path [3] [4]. Another essential criterion with 

respect to routing efficiency is the network lifetime, 

which is governed by the battery efficiency and their 

efficient use. WSN nodes operate in a sensational 

atmospheric natural environment and lifetime of 

battery changes is not easier. Hence an effective 

routing mechanism has been well investigated in this 

paper in the form of the LEACH protocol, which is 

self-organizing and is characterized as an adaptive 

clustering protocol [5]. It distributes energy among 

the nodes in a random manner and works on the 

principle of clustering. The classical LEACH protocol 

has many advantages in energy efficiency, data 

aggregation and so on [6]. Comparative analytical 

results present that the Modified LEACH protocol 

performance. Major issues here are, cluster head (CH) 

selection, forming clusters scheme and a routing 

algorithm for the data transmission between cluster 

heads and the base station. The cluster formation is 

carried out by exchanging messages between member 
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nodes and the cluster head. The key function of the 

cluster head is rotated at predefined interval to assure 

even distribution of energy among the sensor nodes. 

The routing is based on the flawless hauling range 

data transmission between base station and cluster 

heads using multi-hop. Its performance is figured out 

by comparing with LEACH routing protocol using 

MATLAB. The advantage of LEACH is that each 

node has the same probability to be a cluster head, 

which makes the energy dissipation of each node, be 

relatively balanced [7].   

Cluster based routing is an effective research 

area in WSN. Clustering in WSN is the process of 

dividing the nodes of WSN into groups, where each 

group agrees on a central node, called the Cluster 

Head (CH), which is responsible for storing the 

sensory data of all group members, and sending to the 

Base Station (BS). The good clustering algorithm 

cannot only reduce the energy consumption of the 

sensor nodes can also reduce communication 

interference; improve the efficiency of  the routing 

protocols. Therefore a rational algorithm  is needed 

for a highly efficient and stable network. To solve the 

problem, In this paper, considering the residual 

energy for each node, a more efficient, more 

reasonably low overhead adaptive layered algorithms 

such as E-LEACH, C-LEACH and Q-LEACH have 

been proposed. The designs of the E-LEACH 

algorithm, which increase the network lifetime, 

improve node energy utilization [8]. The C-LEACH is 

a cluster algorithm in which cluster heads are 

randomly selected by simulated algorithm from the 

nodes with energy above the average, for finding the  

best position of CHs to reduce the energy loss. Q-

LEACH for homogeneous networks, which establish 

stability period, network lifetime and throughput quiet 

significantly [9]. In this paper a brief review of these 

techniques has been presented and the comparative 

measure has been carried out. 

2. LEACH PROTOCOL 

 

      The working method of LEACH starts with the 

formation of clusters based totally on the received 

signal strength.  The aim of LEACH is to reduce the 

energy consumption required to the sensor node and 

also to maintain the clusters sensors network life time 

in wireless sensor network. A simple model of the 

protocol is depicted in figure 1. 

.          

Figure 1: Protocol Model 

It is  hierarchical routing based protocol in that a 

single node which collect data among all the near 

nodes, is said to be to cluster heads. The cluster heads 

have a role to gather information from the node to 

communicate it to the base station (sink). By using a 

stochastic algorithm at each round to find the energy 

level of each node it will become a cluster head in this 

round. LEACH protocol, assuming the node having a 

full energy to send the data directly to the base station 

or if the base station more away than to the nearest 

cluster head, due this the energy of the each sponsor 

node is totally wasted if it transmit all the time. The 

cluster head at that time aggregate as well as transfer 

the sensor data to the BS, during that time to reduce 

the amount of energy the information that should be 

compressed to transmit to the BS. But the cluster head 

is draining out its energy compared to its all the nodes 

in the cluster. The protocols at random selects a small 

number of sensor nodes as cluster-heads moreover 

rotate this role toward consistently distribute the 

power load amongst the sensors into the network. To 

reduce inter-cluster and intra cluster collisions 

LEACH use a TDMA/code-division multiple access 

(CDMA) technique. Cluster-head randomly rotates  

over a specified  period to identical power dissipation 

within the sensor network be obtained. Cluster Head  

is selected as a  parameter of  “p” probability with the 

member nodes of a cluster. By using of a dynamic 

clustering the lifetime of the sensor node network is 

increasing in LEACH. Implementation of  LEACH 

algorithm has been following two phases [10] [11]. 

 2.1. Setup Phase 

 

In the setup phase an each node has its own 

random number between 0 and 1, depending upon the 

random value of the node among the sensors nodes 

calculate it’s Cluster Head by using a Threshold 

equation: 

         

   (1) 
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Here p is the desired percentage of cluster 

heads and r is the current round, G is the group of 

nodes which has not been selected as CHs in the 

previous probabilities selection. The sensor node that 

is selected as a CH in the previous round is not 

selected in the next rounds until all other nodes in the 

network become cluster heads. 

 

  2.2. Steady Phase 

 

In the steady phase, nodes transmit their data into a 

cluster head using TDMA schedule. TDMA schedule 

allots time slots to everyone. After collecting all the 

data from the nodes the CH compressed the data and 

sends it to the base station (BS). In the Fig 1, sensor 

nodes are grouped to form clusters and each cluster is 

having a Cluster Head. The nodes in the cluster do not 

directly communicate with the base station. 

 

3. PROPOSED LEACH ALGORITHMS  

  3.1 C-LEACH (Centralized- LEACH)  

 

C-LEACH operation similar to the original 

LEACH Protocol only changes its cluster head 

selection. C-LEACH perform centralized cluster 

algorithm for selection of cluster heads (CHs). Setup 

phase as like that LEACH process, but differences  in 

steady state phase. As per the LEACH the base station 

has the global information about the sensor nodes and 

its energy level in the network. From the information 

base station calculates  its average node energy by use 

of its average energy its to elected the cluster heads 

among the network and also have a tracking methods 

by  GPS. The Base station sends its decision back to 

nodes that which nodes are elected as cluster heads 

[12]. Base station broadcasts CHs ID (identifier) to 

nodes in the network and nodes have the same ID as 

elected CHs ID are nominated as CH and collect data 

from its cluster members using TDMA schedule. 

Centralized-LEACH uses a deterministic threshold 

algorithm in which amount of energy in the node 

and/or whether or not the node was a cluster head in 

recent time. The CH nodes in the number of  nodes 

cannot placement as assured. The central control 

algorithm is used in Centralized-LEACH to form the 

clusters which produce improved clusters by 

distributing the cluster head nodes through the 

network [13]. 

  3.2 E-LEACH (Enhanced-LEACH) 

 

 Enhanced-LEACH is mainly contributed the 

overload power consumption problem. E-LEACH 

involves cluster head selection algorithms which have 

global information about the other sensor nodes [14] 

[15]. In the hierarchical clustering routing protocol  

the main drawback is the total number of cluster head. 

In order to reduce the less number of cluster heads, 

then its trouble that cluster members (CMs) which are 

at a far distance from their CHs consume more energy 

each clustering network because of  the large 

coverage area. The residual energy of sensor nodes 

considered as the most important factor, it makes a 

decision that sensor node turn into the cluster head or 

not in the next round. Communication between CHs 

and base station needs more energy than 

communication between CHs and cluster members.  

E-LEACH  chooses that CH among the nodes from 

that large residual energy has obtained. 

 

  3.3. Q-LEACH (Quadrature- LEACH) 

  

In Q-LEACH, network is making a sector 

into sub-sectors that is the total area sector into sub-

sector from that each sub-sector clusters is formed  

and is more deterministic in nature. Therefore, nodes 

in the distributed area within a cluster share within the 

sub-sector so energy efficient is increasing.    Figure 2 

shows the general Q-Leach working principle. In that 

CHs get the information about the nodes after the 

decision of clusters in their association. With 

reference to the information gathered from attaching 

nodes in the association, a guaranteed time slot using 

Time Division Multiple Access (TDMA) is allocated 

to each node. Once again the same information sent to 

the sensor nodes Base Station (BS) in the cluster. 

            Information gathered from the sensor nodes 

from the CHs to the BS, The BS does a logical 

partition in the network that is partitioned a network 

to a four quadrants for transmitting  information  in 

between  nodes. By RSSI model within their own 

quadrant  CH  is elected in each partition. Therefore 

TDMA is assigned for each quardent to the sink 

without any congestion.  
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Figure 2: Working Principle of Q-LEACH 

4. RESULTS AND DISCUSSION 

 

 
 

Figure 3: False Alarm Probabilities 

 

Figure 3 shows that the LEACH protocol 

comparison of different types of LEACH using 

genetic optimization rules.  In this comparison, Q, C 

and E - LEACH types are compared to each other.  

Out of all proposed LEACH protocols, the Q leach 

have low probability of false alarm with respect to 

the number of sensor nodes as shown in figure.  

Efficient use of energy in the network has been the 

main issue in WSNs for prolonging  the lifetime of 

the network. Q LEACH has found one of the most 

energy efficient protocols used in WSN. In this 

survey, the Q LEACH protocol has been discussed 

with its drawbacks and how these drawbacks are 

overcome by its descendants. A brief study of 

various improved versions of the Q LEACH protocol 

has been done in order to compare performance of 

these descendants with the classical Q LEACH. It is 

concluded by giving  the survey that for prolonging 

the network lifetime of WSN, there is need to 

explore more robust, reliable and efficient protocols 

in future. 
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Figure 4: Comparative Curve Based Analysis 

 

Figure 4 shows that the LEACH comparison between its types using curve based deployment. Line 

based deployment is suboptimal when   ll C ll <  ll EF ll. This means that the existing line based deployment 

will find a line segment with larger length than what we get in the curve based deployment. In that curve 1 is a 

deployment a optimal curve based approach and its  length is 295.78, and the shortest length of the line 

segments  for different line is 305.78 (denoted by deployment line 1), 315.and 325.78 deployment line 3), 

respectively. We show the values of  the susceptibility of curve 1 under the Algorithm 1 and deployment lines 1-

3 by line-based approach is shown in Fig. 4. Algorithm 1 has better performance of barrier coverage than those 

by line based approach. The larger  ll EF ll -- ll C ll  the better performance curve based approach would obtain. 

 
 

Figure 5: Energy Efficiency Capacity analysis 
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Figure 5 shows that the relationship 

between energy efficiency capacities (Kbits/joule) in 

WSN with Improved- LEACH protocols.  In that if 

the sensors node increases the energy consume for 

the bits transmits is increasing  because of that the 

transmitting loss is reduced within its quadrant. The 

E-Leach and C-Leach takes less energy compare to 

the Q-Leach, so  the transmitting  its data is not 

possible for all nodes send it  to the base station 

sensor  node within the time slot. The time slot 

increases the total energy consume by the node is 

increased and the time taken to reach the base station 

also increases. From the energy efficient capacity  Q-

LEACH  has been achieved higher efficiency 

compare  than C-LEACH and E-LEACH algorithms. 

 

 
 

Figure 6: Bit error rate (BER) performance  

The figure 6 shows that the bit error rate 

performance of data transmission in the WSN 

network of different LEACH protocols for improving 

the signal to noise ratio for the proposed systems. In  

the BER the percentages of bits with errors divided 

by the total transmitted data bits  are less in Q-Leach 

when the SNR is at  0dB comparative with the other 

Improved leach menthods E-Leach and C-leach. 

Therefore, the quality of the transmission between 

the node performance a high when the SNR 

increases. The decibels of the SNR rate are negligible 

if the ratio goes to 35 -40 dB that is less than 10
-5

 

BER. Whether C-Leach also good at SNR is above 

50dB but within the short range below 40dB.  From 

that the  above figure shows that the Q-LEACH has 

achieved higher performance than the remaining two 

algorithms.    
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Figure 7:Throughput analysis 

 

Figure 7 shows that the effective throughput 

of all underground sensors for diverse schemes at the 

same maximum power factor.  The throughput and 

effective throughput of all sensors are overlapped 

completely for LEACH which means that the 

LEACH fully meets QoS requirements. All the three 

improved Leach are very good in the throughput .At 

the same time, it is also observed that the effective 

throughput of Q-LEACH is far greater than that of all 

sensors, even though the throughput is less for 

sensors with good channel conditions due to the fact 

that the QoS awareness leads to throughput 

degradation for those sensors. 

 

 
 

Figure 8: Latency estimation 
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Figure 8 shows that the latency 

minimization for LEACH protocol.  Assume that the 

node sensing the incoming event is placed at the 

origin. This node starts sending an alarm message at 

time 0. All the active nodes, within the transmission 

radius 2r or less, receive the message and they also 

begin to broadcast over their own transmission areas. 

Assuming no propagation delays, at t = 0 the 

message has spread to the cluster containing the 

origin.  A sleeping node in the set that was already 

covered by the broadcast message and that changes 

its state is called a bridge. After the bridge has 

started its broadcast, all the new active nodes who 

receive the message, either directly from the bridge 

or via a multi-hop path, are added to the original 

cluster 

 

5. CONCLUSION 

In  this proposed work, a comparative assessment of 

different LEACH algorithms has been implemented.  

These comparative assessments have been executed 

by  various components such as False alarm 

probabilities, Curve Based Analysis, Energy 

efficiency capacity for the proposed different 

improved LEACHs. Among these analysis  Q- 

LEACH shows the explicit and achieved the more 

robust and optimized performance other than the C-

LEACH and E-LEACH algorithms. Hence Q-

LEACH in the network parameters improve the  

lifetime of the sensor node and having taken energy 

management. It seems to be an attractive choice for 

WSNs by extending and enhancing overall network 

quality parameters. 
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