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Abstract: The development of an energy-efficient routing
protocol for wireless sensor networks has been a challenging task
for academics. It is very different from the conventional routing
protocols, which are based on I.P. addresses. These conventional
routing protocols are not preferable for WSNs since conventional
routing protocols depend heavily on the routing tables, which often
require updates. Also, the WSN varies from thousands to ten
thousand, making the task of managing routing tables not easy
and economical in terms of hardware resources. There is always
research going on to develop an efficient routing protocol in terms
of energy for WSNs. LEACH protocol is one of them. Energy
consumption in WSNs became a vital factor to be focused on in
enforcing an efficient routing strategy. Numerous LEACH
protocol variations propose improvements to the current Protocol.
In our study, we looked at different LEACH protocol iterations
and adopted a modified LEACH protocol to extend the lifetime of
wireless sensor networks. We adopted various power levels for
transmission between the cluster node, cluster head, and base
station, as well as a novel method for choosing the cluster head.
Our modified Protocol performs better when compared to
parameters like network lifetime, dead nodes per round, Cluster
heads formed, packets sent to the base station, etc.

Keywords: CH Selection, Network lifetime, Energy Efficiency,
WSN.

1. INTRODUCTION

In general, the Internet of Things shapes computing and

connectivity in the future. Nowadays, broadband connectivity
has become cheap and ubiquitous. This gave birth to more
powerful and smaller devices available with onboard sensors.
Physical objects are becoming part of the internet. This
phenomenon allows various application domains, from
Green-IT to energy-efficient military applications.
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Recent developments in the 10T field made mobile Ad Hoc
and WSNSs necessary [1]. Researchers in recent years have
challenged WSN. It has been a challenge since conventional
routing algorithms, the ones that we use in IP-based networks,
which depend on routing tables are not suited for WSNs. The
size of the WSN may vary from thousands to tens of
thousands. This makes the routing table the size used during
the routing state in conventional routing algorithms, which is
not an easily maintained thing in the case of WSN because of
the size and the hardware limitations of the routers and nodes
[1].

Despite the fact that WSNSs are a subtype of wireless Ad
Hoc networks, these networks should not use the same routing
techniques. The route from the origin to the destination is
included in each packet sent using ad hoc network routing
techniques, which presuppose a thorough understanding of the
complete network. Two headers will result in more data
packets and more energy being used because they include the
complete path in the packet. [2].

Section | contains the introduction of WSN, Section Il
contains the recent related work done, Section 111 describes the
methodology of the proposed protocol, and Section IV
describes the results after the tests. Section V is the concluding
section explains research work with future directions.

Il. LITERATURE SURVEY

Various routing protocols control the flow of packets in the
network. LEACH or "Low Energy Adaptive Clustering
Hierarchy,” is a hierarchical-based protocol that is widely
used. It has many forms, each having advantages in its own
form. LEACH protocol reduces the consumption of Energy of
WSN. Essential
features of the LEACH protocol in WSN are [1,2]:

e  Clusters formation and selection of the Cluster

head.
o Distribution of energy consumption in the entire
network evenly.

o A better lifetime of the network.
The performance of the LEACH is far better than the
conventional clustering through the use of adaptive clustering
and cluster head rotation making energy distribution even over
the network. LEACH is able to achieve a reduction in
dissipation by using an adaptive hierarchical approach. Many
forms of the LEACH protocol came into existence each trying
to improve the original Protocol. Some primary forms are the
Comparison of different protocols in WSNs, which is either
LEACH-based or Fuzzy logic-based [3],[4],[5],[6].[7].
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Table 1: Literature Survey of Different Protocols

. i Clustering CH Selection Metrics Used To
Reference Publication Objective Approach Approach Elect CH
. IEEE Wireless A Based on parameters | Relative Energy and
Ying Zhang etal.[8] Communications Neiztwork Llfe?tl_me and LEACH Based | like energy, distance | Neighborhood
nergy efficiency -
Letters etc. distance.
Node Energy, Node
Concentration, Node
o Centralized Centrality for CH
S. Lataetal. [5] IEEE ACCESS, Network Lifetime and Approach For Fuzzy Logic and Node Energy,
' B 2020 Reliability Clustering Degree and The
! Distance To The
Base Station For
Cluster Formation.
Energy Efficiency, o Location And
Z.Wang et al. [6]. IEEE@%CSSS’ Throughput, and Fuzzy C-Means :3mproved Artificial Energy Of The
o ee Colony
Stability Nodes,
Utilizing both
the energy Hierarchical Closest Points,
Lo consumption Clustering Based On | Furthest Points,
Z.Zhaoetal. [7]. IEEEZ('JAE%CESS' izgr%a%pg;ﬂﬁ?i?n model and the | Residual Energy | Average Distance,
9 3D spherical And Positions Of | Cluster Center Point,
network The Nodes Residual Energy
structure model
Residual ~ Energy,
J.S. Lee etal. [4] IEEE Internet Of | Network Lifetime But | Distance Based Fuzzy Logic Moving Speed and
e CE Things Journal, Also Reduce The Clustering Pause Time
2017 Packet Loss
B. Mishra et. Al [3]. JETIR, 2015 Network lifetime LEACH Based E‘;gggs Function | 610y and Distance
Beiranvand et al. [2]. IEEE, 2013 Energy-efficiency and LEACH Based Fitness Function ﬁgizrﬁgourhoo d and
Throughput Based . .
information
Tong et al. [1]. Energy Consumption Fitness Function | Energy and Node
IEEE, 2010 and Network Lifetime LEACH Based Based centrality
Il. METHODOLOGY term contributes to the threshold value, and the second value

becomes 0.

The weight of the second term in the threshold equation
continues to contribute to its weightage in determining the
formation of the cluster head as the value of K, the present
round value, rises. Because the value of (1-B) rises as the
number of rounds increases, the value of B, which represents
the division of the node's initial and residual energy, begins to
decline.

After a certain number of rounds, the residual energy ratio
contributes more to the threshold value. It becomes a
prominent factor in the network'’s cluster head formation.

B value should be adjusted dynamically. Initially, the
value of residual energy is equal to the initial energy. So, the
B value becomes 1. Gradually, the node energy decreases, and
the residual energy ratio decreases and becomes 0. So, the

Cluster heads are chosen at random according to the LEACH
methodology. This opens the door to improving the LEACH
protocol. This improves the network efficiency, especially in
case of energy usage, load balancing, and the network's
lifecycle [3].

3.1. Cluster Head selection strategy

Every node picks a random value in the range from 0 to 1. If
this value is less than the threshold, it can be picked as a cluster
head for the current round. This is the mechanism for standard
LEACH. Moreover, once a node becomes the cluster head, it
cannot be the cluster head for the next 1/p rounds [8].
Nevertheless, per our proposed Protocol, the threshold value
calculation is based on the following logic.
T(x)=0.5*[B*(P/(1-P * (k* mod(1/P))) + (1-B) * Eres/ Eini]

ifxXEG value of the B changes from 1 to 0. So, the value of (1-B)
Else changes from 0 to 1.
=0 It takes more time and resources to determine the
Where: optimal amount of cluster heads for the network. Additionally,
B = Eres/ Eini we can use an energy parameter, or the node's remaining

Eres = Residual Energy of the node

energy, to exceed the specific threshold number. We can

determine whether a residual node's energy in the current
round is higher than a specific threshold value so that it can
take part in the cluster head election, improving the network's
load balancing metric and reducing overhead time while the
cluster head is being formed. [4].

mini = Initial Energy of the node.

P = probability of becoming cluster head.

K = Present round number

G = Nodes set that is not clustered heads for the last 1/p
rounds.
At the start of the program, the value of the B is 1. i.e., in the
first round, our Protocol behaves as the normal LEACH
protocol because the value of (1-B) will be 0. Only the first
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The above step completes the cluster head formation step
in the setup stage in the Protocol. Following this, cluster
formation and schedule generator occur the same as in the
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original LEACH protocol. This completes the setup phase in
the Protocol.

CH SELECTION BASED

After 1P
Rounds

BROADCAST ADV PACEET

WAIT FOB. JOIN PACEET

DATA TREAMSMISEION

OM BEESIDUTAL ENERGY

DIRECTS MODE TO USE
LOW AMPLIFICATION
ENERGY

DIRECT NODE TO USE HIGH
AMPLIFICATION EMERGY

WAIT FORADV PACEET

Fig. 1 Flowchart showing the proposed algorithm

The data is transmitted between the cluster heads or base
stations in the steady stage shown in Figure 1.

3.2 Pseudo Code for Cluster Head Selection:

Step 1: START

Step 2: If Mod (R, 1/P) =0, go to Step 4.

Step 3: Else, wait for 1/P rounds.

Step 4: Calculate Ers: = Residual Energy of the node.

B: = Eres / Eini.

Step 5: Calculate Threshold Value T as (0.5 * B (P/ (1-
P*mod (R, round(1/P)) +(1-B) *B))

Step 6: Select a random value in the range 0 and 1.

Step 7: If the selected value is less than T, then go to Step
9.

Step 8: Else, Mark the node as a Normal node and direct
it to use a Low Amplification Energy level.

Step 9: Mark the node as Cluster Head and direct it to use
the High Amplification Energy level.

Step 10: Make data transmission.

Step 11: Calculate Energy dissipation and Update the
Energy of the node.

Step 12: IF the Energy of node =0, mark it as a dead node.
Step 13: IF all nodes are dead, STOP.

Step 14: Else, go to step 2.
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P is initialized as the probability of becoming Cluster Head
in the network. R is the current round number or iteration
number.

IV. RESULTS AND DISCUSSION

In our research, we built a 400 x 400-pixel sensor network
with 100 nodes distributed randomly throughout. The base
station was also considered to be a node, bringing the total
number of nodes in the network up to n+1. Additionally, we
presumed that the initial Energy of every node was the same
and set to values of EO. Depending on the sort of cluster
communication, such as intra-cluster communication and
communication between the base station and cluster head, we
also took into account different amplification energies. To
compare various plots, we took into account a limit of 5000
rounds of iteration. Every node initially has an equal chance
of becoming a cluster head because the intended percentage of
cluster heads (p) is fixed at 0.1. we have made the Comparison
based on the simulation parameters shown in Table 2.
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Table 2: Simulation Parameters

SNo. Parameters Values
1. Software MATLAB 83
2. Tool Comnmnication fool box
3. Simulation area 500m X500m
4. Total rounds 1000
5. Total nodes 200 to 800
6. Methodology Modified Leach
7. Total live nodes 800
8. Deadnode till end of simul ation 100
9. Average energy consume each node 1 oJ
10. Average residual energy 380 T
11. Count of cluster heads 95
12. Packef sent to base sfafion per round 110
13. Packet to cluster head 140 Kbps

Now by running the code that we modified, we obtain the below results and are compared by plotting them in the same graph.
Performance evaluation is done based on the above-discussed discussed number of packets sent to the base station vs. the number
of rounds, the number of nodes that are dead vs. the number of rounds, etc.

Packets to BS vs Rounds
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0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Rounds
Figure 2: Packets to B.S. vs. Rounds

In figure 2, the red color line in the graph represents the output of the protocol that we proposed whereas the blue line
in the graph is the output obtained by the protocol that already exists. In this graph, in the existing protocol, the number of
packets sent to the base station is less than that of our proposed protocol. As the number of rounds reaches 5000 the number
of packets sent to the base station in the existing protocol is 7000 whereas in the existing protocol it reaches 8500. Through
this, we can say that as the number of packets that are sent is more, this is more efficient than the existing protocol.
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Dead Nodes vs Rounds
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Figure 3: Dead Nodes Vs. Rounds

In figure 3, the red color line in the graph represents the output of the protocol that we proposed whereas the blue line in the
graph is the output obtained by the protocol that already exists. Here in this graph in the existing protocol as then, the number
of rounds increases the number of dead nodes increases and it reaches maximum nodes i.e.100 whereas in the proposed protocol
the dead nodes reach 20 So according to this graph we can say that suggested protocol operates better than the current one
because here all nodes are not going to be dead and still take part in routing the packets.

g 2 10% Packets to CH vs Rounds

— hi-Leach
C-Leach

Packets to CH
[A]

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Rounds
Figure 4: Packets to C.H. vs. Rounds

In figure 4, the red color line in the graph represents the output of the protocol that we proposed/modified whereas the blue
line in the graph is the output obtained by the protocol that already exists. In this graph in the existing protocol, the number of
packets sent to the cluster heads is more than that of the number of packets sent to cluster heads in the proposed protocol. This
is the only parameter where our proposed protocol works the same as the existing protocol initially and constantly decreases
for the larger number of rounds.
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Number of Cluster Heads vs Rounds
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Figure 5: Number of cluster heads vs. Rounds

In the figure 5, the red color line in the graph represents the output of the protocol that we proposed/modified whereas the blue
line in the graph is the output obtained by the protocol that this already existing. The number of cluster heads formed in the
proposed protocol is more than that of the existing protocol. The number of cluster heads increased with the previous one form
which we can say that that the suggested protocol operates better than the current one which is obtained by the efficient CH

method.
Alive Nodes vs Rounds
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Figure 6: Alive nodes vs. Rounds
In figure 6, The blue line in the graph is the output of the protocol that already exists, and the red line in the graph depicts the

output of the protocol that we proposed or modified. In comparison to the current protocol, the proposed protocol has a higher
number of active nodes. This algorithm is more effective than the current one because there are more active nodes.
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Table 3. Performance Parameters Comparison

Parameters Previous Work  Proposed Work
Simulation area 500m X500m 500m X500m
Total nodes 200 to 800 200 to 800
Methodology M- Leach
Network transfer rate 250 Kbps 270 kbps
(Throughput)
Data size 200 byte 400 byte
MA code size 5n) 1n)
Node Energy consumed 1024 bytes 200 bytes
Execution time 1000 Sec 164.9 seconds
Overall energyconsumption 1000 380

V. CONCLUSION REFERENCES

In order to enhance the performance of the WSN, we suggest
a new LEACH Protocol version that takes into metrics like
reliability, network lifetime, and energy efficiency. The
proposed work defines new rules for cluster head selection in
the setup stage. We define the threshold value for assigning
cluster heads predicated on the node's remaining energy. This
energy residual does not impact the threshold value initially,
but when the number of rounds increases, it keeps on adding
more weight to the threshold value and becomes an essential
metric feature for cluster head selection.

We compared the results of this proposed Protocol with the
existing Protocol in MATLAB (Shown in Table 3), ran the
simulation for 2000 rounds, and took 100 nodes initially. We
found that the proposed protocol results are better than the
original One. We can still improve more features for the
Protocol, like Quality of Services (Qo0S). There is no
classification for the type of data flowing in the network.
Adding more fields in the data packet to improve reliability
and quality of service can be done by assigning priority to the
data. Selecting the right amount of cluster heads for the
network can maximize cluster head formation while
minimizing energy loss.
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