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ABSTRACT:
The Wireless Network, abbreviated as (WSN), is a relatively new technology that is proving to be
quite useful in commercial and defense applications wherein energy is now the most important
component. This work introduces BRE-LEACH (Balanced Residual Energy-LEACH), a novel
method for the LEACH (Low Energy Adaptive Clustering Hierarchy) algorithm. To improve
lifetime of the network by reducing energy loss, three aspects must be considered: cluster heads,
proximity to the BS (Base Station), and multi-hop. The fundamental factor in the cluster head (CH)
choice technique is residual energy, which is used to make lower sensor networks serving as a CH
since they require more energy than just a regular node. The BRE-LEACH determines the best route
by selecting the CH with the highest residual energy and the highest efficiency to the BS as the roots
CH, which clear and consistent from those other CHs and sends it to the BS. The inter is used by the
furthest CHs to get to the core CH. Our suggested protocol, BRE-LEACH, extends communication
range by 55.73 percent in comparison to the Leach algorithm, according to simulation findings in
MATLAB.
KEYWORDS: WSN, LEACH, CH, BS, BRE-LEACH.

I. INTRODUCTION
WSN is indeed an adhoc network of several sensor nodes, that are segments and sub capable of
autonomously collecting physical parameters from the surroundings like heat, humidity, and so forth
and transmitting them to a collectors. Nowadays, the WSN is powered by batteries in several military
and commercial applications, and due of its tiny size, battery capacity is limited, so energy
conservation is essential. In practise, charging or replacing the cells isn't really possible [1-2]. As a
result, scientists are developing for practical solutions to this challenge. Many techniques are
provided, with the majority of them focusing on route. There are three types of communication
algorithms: information protocols (SPIN, COUGAR, etc.) and location-based protocols (MECN,
SMECN, GEAR)and hierarchical protocols (LEACH, PEGASIS, TEEN, etc.). In recent years, a
variety of studies have looked at hierarchical model in the Wireless communication from various
perspectives. The Suggested technique is the very first electricity cluster - based routing system with
data fusion, and it is the foundation for other hierarchy protocols [3-5].
Because the dynamic choice in LEACH causes a highly fragmented that naturally effects the lifetime
of the network, this research presented in a new methodology based on the remaining power of each
and every node in a network for enhance the estimation of the CHs. As a result, our procedure
designated the CH with the largest power consumption and the shortest path to the BS as the roots
CH, and other CHs used multi-hop to approach this root. This charge combines the data from the
CHs and transfers it to the BS [6-8].
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BACKGROUND STUDY
The Leach is the first and foremost widely used hierarchy routing protocol, allowing machine
learning via clustering, in which nodes provide data to the CH, and the CH aggregates and
compresses data before sending it straight to the BS. Heinzelman created the LEACH technique in
2000. [9]. During the clusters creation phase, each node selects a random value between 0 and 1, if
this value is smaller than that of the predefined threshold T, that network is designated as a CH (n).
Numerous LEACH-based algorithms, including V-LEACH, have been developed to address many of
the system's flaws. V-LEACH is an enhanced version of the Leach algorithm that creates a new
representations. [10-13]
By using uneven classification approach [14], the researcher proposes a DUCA clustering method
that produce real cluster - head and eliminate cluster major criteria to manage power burden [15].
Clustering of DUCA computers created closer to the base station were smaller in size than cluster
farther away from the Base station. The BS estimated the clustering diameter and located its centre
using the equation, then broadcasted messages to entire network to generate groups of uneven size.
The main goal of E-LEACH is to improve the CH identification algorithm by avoiding lower power
consumption nodes and higher spent energy nodes as CH. It works in the same way as LEACH,
allowing the root node to be chosen from among the CHs with the highest power consumption, as
well as the data from other CHs to be merged and sent to the collectors [16].
By calculating the power degradation of various CHs, the LEACH-TLCH extends the lifetime of
entire network. LEACH is used to select the CHs and build the cluster. If CH0s energy consumption
may be less than the energy content of all nodes, or the separation among CH & BS is higher than
the increase length, the clusters gets established. in this case, this CH could choose a network from
its group as a supplementary CH, and this node must have the most energy. If not, this CH will not
require additional CH.

II.

METHODOLOGY

1 .LEACH
LEACH is the contraction of the low energy adaptive clustering hierarchy. It is a clustering routing
protocol introduced by W. Heinznlman. The group of nodes that form the cluster is organized by this
protocol. Once the cluster is created in the WSN, one node is selected as CH among all the nodes by
taking the node with the highest energy and minimum distance to BS as the criteria [17].

FIGURE 1: CLUSTERING IN LEACH
Wherever a node has data to send, it first analyses the route to the node to which the data has to be
sent. On setting the target, the sending node in the cluster forwards the appropriate information to its
cluster head ( ) as shown in fig 1. Similarly, all the cluster members ( ) in the network sends the
appropriate information or data packets to CH for communication with nodes over the
communication line. The CH receives data and sends or forwards the aggregated data packets to BS
and the collected information is compressed.
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This compressed data is forwarded to the base station. Since CH is responsible for forwarding the
data sent by all the nodes, it runs out of the deposited energy rapidly than the other nodes. Once the
CH’s energy becomes null, it is no longer capable of performing the task. Thus, the CH is said to be
the dead node. On CH becoming a dead node, a sub-CH is selected, which is the second-highest
energy node in the cluster, whose energy is measured in ‘joules’.
LEACH aligns the nodes randomly in the network and also deposits an equal amount of energy in
terms of joules to the randomly arranged nodes in the network. Practically, 5 out of 100 nodes are
capable to become the CH. The collisions within the cluster and between the clusters can be
controlled by adopting CSMA/CD techniques like TDMA-MAC.
1. Phases of LEACH

The LEACH operates in 2 phases scilicet, the first setup phase and the second one is the steady
phase. The formation of cluster and selection of CH is carried out in the setup phase and the
processing of data and its transmission to the base station is carried out in a steady phase.

FIGURE 1: PHASES OF LEACH
The phases of LEACH are shown in figure 2. The clusters are formed during the setup phase. The
TDMA slots are allotted for all the nodes during the steady-state. The node1 is allotted timeslot ‘t1’,
the node2 is allotted the timeslot ‘t2’ and the node n is allotted timeslot ‘tn’ as depicted in the upper
arrow in fig 2. The nodes send the packet during the allotted time slot.
Setup Phase
The cluster head is selected among the nodes with the probability ‘P’. This election process is done
by calculating the threshold energy value T(n). The T(n) relies on the percentage of CH probability
selection. The ‘r’ is the present round. ‘G’ represents the node group, which was not elected as CH in

the previous 1/P rounds [18].
Where,
P = The probability to become cluster head
r = Current round
n = Node
G = Node group
Every sensor node in the network wishes to gain the position of CH and possess the probability value
in the range (0,1). Then T(n) is computed as illustrated in equation 1. If the probabilistic value
selected by the nodes is less than that of T(n), then, for the particular round, the specific nodes
emerge as CH [19].
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Steady Phase
The nodes in the sensor network which aren’t elected as CH do sense the data and forward the
aggregated data to the CH in the allotted TDMA time slot. The CH sends the data received to the
base station after a certain period, when the CH loses all its energy, a new CH is selected after
completion of specific prioritized rounds, the new cluster head is chosen by returning to the setup
phase. To avoid interference in sensor nodes, CDMA communication techniques are adopted.
2. Algorithm
Setup phase:
1. CN => r
2. If r > T(n) then, CH = CN else, go to step1
3. CH => G; id(CH), join_adv
4. A (j) -> CH (j); id(A(i)), id(CH(j)), join_req
5. CH (j) -> A(i) : id(CH(j)), <t(i), id(A(i))
Steady phase:
1. A(i) -> CH(j): id(A(CH(j))), info
2. A(i) -> CH(j): id(A(CH(j))), info
The various symbols used here are:
1. CN: Candidate node to become the cluster head.
2. r: random variable (0 > r > 1).
3. T(n): Threshold value.
4. CH: cluster head.
5. G: All nodes in the network.
6. id: Identification number.
7. Join_adv: Request to join the cluster.
8. A: normal node.
3. Proposed LEACH (P-LEACH)

A proposed LEACH protocol is implemented in a wireless cluster comprising of a CH, a gateway
mode, base station, and cluster members [20]. Consider the WSN with the 100 nodes, which are
positioned randomly in a 100*100 Sq. area, initially, CH is chosen by evaluating the node having the
highest amount of energy in joules. The 0.5 is the assigned probability to the nodes to become CH in
the wireless network in 100 rounds [21].
The cluster is organized and cluster members start sending data to CH and CH forwards it to the base
station in the case of LEACH, CM sends the data to the nearest destination node, which is either a
gateway or base station. This procedure has the superiority of reducing the load at the CH [22-24].
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Consider the example scenario, where the network of 100*100 Sq. m. is created with 100 nodes in
random positions within the network area. The network consists of two clusters, namely, cluster1 and
cluster2.The nodes existing in the network are known as members. Every node in the respective
clusters forwards the data to the respective cluster head in the network. Then the cluster head
aggregates all the data received from cluster members, then forwards it to the gateway node, which is
positioned at the center of the network area i.e., (50,50). The gateway node receives the data in the
allotted time slot, then forwards it to the base station. Thus, the energy and bandwidth are saved [2527].

FIGURE 1: FLOWCHART OF SETUP PHASE OF LEACH
The flowchart of the setup phase of LEACH is shown in figure 3. The operation of the setup phase
begins with the checking of whether the node is a cluster head or cluster member [28-31]. If the node
is a cluster member, then it waits for the broadcast message of announcement of cluster head for that
cluster [32-36]. On receiving the broadcast message, the cluster member sends a 'join request’
message to the cluster head and waits for the cluster head to assign the time slot for data
transmission. If the node is cluster head, then the node is announced as ‘cluster head’ to all the
cluster members. The cluster head sits ideal until a ‘join request’ is encountered by its member to
join the cluster. Once the cluster head is announced, the TDMA schedule is created and sent to all
cluster members to send data I allotted time slots to the cluster head [30-32].

III.

IMPLEMENTATION

The network congestion leads to the loss of data packets as the packet undergoes collision. To
overcome this hurdle for maximum data transfer, the LEACH protocol is implemented. The
following description interprets the implantation of protocol LEACH.
A.

Network formation

A network is framed in an area of 100*100 sq. m by using the MATLAB simulation tool. The nodes
are randomly created and positioned, where all the nodes are sensor nodes. The sink node is the base
station node, which is positioned at (50,120). Gateway (GW) node act as an intermediate node
between cluster head and sink node located at the position of (50,50). Two clusters isolate the
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network into two segments namely, region R1 and region R2. A cluster is built up of several nodes
randomly. All the nodes are initialized with an equal amount of energy of 0.5 joules.
Table 1: Boundaries of clusters

B.

Cluster region R1

Cluster region R2

0<= x <30 ,0<=y<80

50<=X<70, 0<=y<30

30<x<=50, 0<=y<30

70<=X<100, 0<y<=80

30< x <=50, 70<= y < 80

50<x<=70, 70<y<80

Cluster formation

The network is viewed as a 2D rectangular plane with x & y coordinates governing the position of
sensor nodes and boundaries of clusters with in the network.

Figure 4: Cluster regions
The two clusters are configured in the network and are shown in figure 4. The coordinate values of
the clusters i.e., the cluster boundaries are tabulated in table 1.
C.

Cluster head selection

Among all the nodes, one node is elected as cluster head in each round. The number of rounds for
CH selection is initialized to be 3000. The probability to become cluster head is initialized as 0.5. the
threshold T (n) is measured by [33]:
………(2)

Where,
n: ranges between [0,1].
p: is the probability to become CH.
r: is the ongoing round.
The CH is elected according to this equation.
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D. Distance calculation and protocol selection
If the assigned energy of the node is greater than 0, the node is considered to be an alive node, and
packets are transferred to the respective base station. The reference distance d0 is found by [37-42].

………(3)

………(4)

Where,
Efs = Energy for free space routing.
Emp = Energy for multipath routing.
Eelec = Energy consumed to transmit or receive data.
d0 = Reference distance.
d = Distance from cluster head to base station.
K = Number of packets.
The distance from the cluster head node to the base station node is calculated. If this distance is
found to be greater than d0 (d > d0) then multipath routing protocol (Emp) is incorporated,
otherwise, free space routing protocol (Efs) is applied for routing (d <= d0).
E.

Calculation of dead nodes and alive nodes

The node that has run out of all the energy will not be proficient in performing communication and
routing is said to be a dead node, whose energy, E<0. The dead node flag dead_dir is initialized as
‘0’. The energy of the nodes is continuously monitored. In the process, the node with E <= 0 is
considered to be a dead node, and the flag dead_dir is incremented by one to take the count of dead
nodes.
At the end of all the rounds, the alive nodes are counted by finding the absolute difference between
the total quantity of nodes in the network and dead nodes. These alive nodes are those nodes that are
actively participating in the communication and routing [43-48].
F.

Packet transmission to sink node

In the case of proposed LEACH, if the communication node is close to the sink node, the data packet
can be directly transferred to the sink instead of routing it to sink via CH, taking into consideration
the distance between node and sink as illustrated in equation 5.
………(5)

Where,
Nodex-pos – Location of the node concerning the x-axis.
Nodey-pos– Location of the node concerning the y-axis.
Sinkx-pos – Location of sink node concerning the x-axis.
Sinky-pos – Location of sink node with respect to y-axis.
dist> do – Multipath routing.
dist< do – Free space routing.
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G.

Packet transmission to the gateway

The gateway node act as a mediator between sink and CH to transfer the packet. Here, the data
packets are directly transferred to the GW node instead of routing via CH, by taking the distance
between node and GW as illustrated in equation 6 [39].
……(6)

Where,
Nodex-pos – Location of node with respect to x-axis.
Nodey-pos – Location of node with respect to y-axis.
GWx-pos– Location of gateway node with respect to x-axis
GWy-pos – location of gateway node with respect to y-axis
dist> d0 – Multipath routing.
dist< d0 – Free space routing.

IV.

CONCLUSION

Clustering is the proficient plan for organizing the network by aggregating the data from the nodes in
the network. The network is compiled into clusters, in which one node is designated as cluster head
(CH) for each clustering the sensor network. Once the sensor node transmits lump data to the BS.
This results in wastage by adopting the load balancing technique at various intervals.
The simulation of the wireless sensor network is carried out in the MATLAB tool. A hundred nodes
are positioned randomly in 100*100 sq. m area. The network is split into two clusters and a cluster
head is selected for each cluster. The graphical analysis of the death of several nodes concerning the
number of rounds, number of alive nodes concerning the number of rounds, and energy of nodes
concerning the number of rounds are carried out. The proposed LEACH operates in such a way that
the energy of the nodes is preserved for a longer time than that of the existing LEACH and the
network lifetime is considerably expanded. Thus, the proposed LEACH is found to be more efficient
than the existing LEACH.
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