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ABSTRACT

This article aims into the issues that Wireless Sensor Networks (WSNs) encounter due to the intrinsic limits of
sensor nodes, such as limited energy and processing capabilities. The focus is on Heterogeneous Leach Protocols
and how they affect metrics of network performance such as data delivery, network lifetime, and energy usage.
The paper evaluates these protocols' flexibility and scalability in real-world heterogeneous contexts using
extensive simulations and empirical assessments. Key aspects under scrutiny encompass the dynamic clustering
of heterogeneous nodes, efficient data aggregation, and the resulting communication overhead. The research
outcomes offer insights into the design and deployment of Heterogeneous Leach Protocols, providing a
foundation for more robust and energy-efficient wireless network of nodes. As the demand for reliable and
sustainable network grows across applications like smart cities and precision agriculture, the findings contribute
valuable implications for diverse scenarios.

Keywords: Wireless Sensor Networks, Dynamic Clustering, Energy Efficiency, Heterogeneous LEACH
Protocols, Precision agriculture

1. I INTRODUCTION

The material that has been suggested explains its goals background and applications and explains the
situations in which it is pertinent such as the requirements limitations and scope of different types of protocols
for energy efficiency mapping and clustering Wireless Network of nodes are critical for real-time data collecting
and monitoring in a variety of disciplines, including environmental monitoring and industrial automation. Despite
these limitations, the effectiveness of WSNs is constantly challenged by energy restrictions and computational
limitations. Tackling these challenges is imperative for maximizing the performance of WSNs. The goal of the
study is to examine, understand Heterogeneous Leach Protocols, a method for increasing the efficiency and
sustainability of WSNs by creating diversity in their composition of nodes. This diversity facilitates dynamic
clustering and efficient data aggregation, ultimately leading to reduced energy consumption, prolonged network
lifespan, and enhanced data delivery. The inherent heterogeneity accommodates varying node capabilities,
yielding an adaptive and scalable network architecture.

In order to offer nuanced insights into the impact of diverse leach methods on important performance
indicators within WSNs, our work conducts a thorough analysis of these protocols. We thoroughly examine data
aggregation processes, analyse the related communication cost, and examine dynamic clustering patterns across
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diverse nodes using a combination of empirical evaluations and thorough simulation studies. The careful design
and execution of a robust, energy-efficient wireless network of nodes is greatly influenced by the study's findings.
As the demand for dependable and long-lasting network of nodes grows, particularly in the fields of smart cities
and precision agriculture, the knowledge generated by this study adds significantly to the ongoing debate about
the advancement of wireless sensing technologies. This work contributes to the developing landscape of WSN
research by offering useful insights to practitioners and researchers alike.

The integration of Heterogeneous Leach Protocols serves as a critical avenue for addressing the
persisting issues connected with sensor nodes' limited energy resources and computing capacities in the changing
environment of Wireless Network of nodes (WSNs). The objectives of this meticulously designed research project
are to assess and enhance the functionality of Heterogeneous Leach Protocols in WSNs. The specific goals include
a thorough examination of existing protocols, an investigation of their impact on key performance metrics (such
as energy consumption, network lifetime, and data delivery efficiency), and a thorough examination of critical
elements such as dynamic clustering and data aggregation strategies. Our overriding goal as we pursue these
objectives is to give essential insights to the broader field of wireless network of nodes. The anticipated outcomes
involve providing actionable guidelines for the effective implementation of Heterogeneous Leach Protocols,
demonstrating tangible improvements in network efficiency and adaptability, and contributing to the academic
discourse with novel findings. Ultimately, the project endeavors to bridge existing knowledge gaps, empowering
both researchers and practitioners to advance the capabilities of WSNs across diverse applications, from
manufacturing automation to sustainability tracking. Lower energy consumption, longer network lifetime. The
primary objectives of our work are Examine existing Heterogeneous Leach Protocols to understand their
mechanisms and functions. Investigate the impact of heterogeneous leach protocols on key performance
indicators: Analyze the effects of heterogeneous leach protocols on energy consumption, network longevity, and
data transmission efficiency, among other important performance metrics. Analyze Dynamic Clustering to
investigate dynamic clustering's effectiveness in heterogeneous contexts and its role in optimizing sensor node
operations. Optimize Data Aggregation Strategies to investigate and optimize data aggregation strategies that
take into account the various capabilities of heterogeneous sensor nodes. Examine Communication Overhead:
Assess the communication overhead introduced by Heterogeneous Leach Protocols and recommend solutions to
reduce its impact. The major outcomes would be to provide insights into the efficiency of Heterogeneous Leach
Protocols in improving the overall performance of Wireless Network of nodes. Optimized Network Performance
show gains in network performance indicators, such as reduced energy usage, longer lifespan of the network, and
improved data delivery efficiency. Scalability and Adaptability to evaluate the scalability and adaptability of
Heterogeneous Leach Protocols and make recommendations for their necessity in a variety of real-world
circumstances.

The following subsection covers the key phrases and ideas utilized in the present study.

1.1 A. Wireless Network of nodes
WSN consists of interconnected nodes with sensors that work together to collect and send data
wirelessly. These networks are critical for real-time monitoring in many fields, such as industrial automation,
environmental sensing, and healthcare. They provide efficient data processing and collecting in dynamic
environments.

1.2 B. Heterogeneous Leach Protocols
In order to improve network efficiency through different node compositions, this study looks on the
dynamic implementation and optimization of heterogeneous leach protocols in wireless networks of nodes
(WSNs).

1.3 C. Network Performance Optimization
Using Heterogeneous Leach Protocols, the study focuses on assessing and improving key performance metrics
in WSNs, including energy consumption, network longevity, and data transmission efficiency.

2, I RELATED WORK

The publications that deepen our comprehension of the systems and procedures involved in
comprehending various WSN protocols and putting them into practice are the main focus of the section that

Library Progress International | Vol.44 No.3 | Jul-Dec 2024 11215



Y.Rajesh,Vemula Jasmine Sowmya, G Siva Nageswara Rao

follows.

In case study focuses via means of different types of protocol techniques, in case study [1] they tried to solve the
problem of energy efficiency is crucial for the longevity of heterogeneous wireless network of nodes (WSNs),
but choosing optimal cluster heads can be challenging due to varying node capabilities and dynamic
environments. The proposed Solution for this problem is to build a hybrid clustering protocol for WSNs that
combines the strengths of genetic algorithms (GA) and K-means clustering. GA optimizes cluster head selection
with global search, while K-means ensures efficient cluster formation. The key features are Initial Clustering
through K-means clusters nodes according to their proximity and energy levels, Cluster Head Selection with GA
picks appropriate cluster heads inside each cluster based on energy, residual energy, and distance to cluster
members. The GA fitness function takes into account energy expenditure, intra-cluster Distance, and cluster head
distribution to ensure robust selection, Dynamic Cluster Reorganisation Using K-means and GA, the protocol
reorganises the network architecture and energy levels on a regular basis. Simulations are used to compare the
proposed method to LEACH and K-means clustering. The findings demonstrate significant energy savings: up to
30% versus LEACH and 15% versus K-means, Increased network lifetime to 20% compared to LEACH and 10%
compared to K-means, Balanced cluster head distribution: Keeps energy usage consistent across nodes. The
hybrid GA-K-means clustering algorithm performs better than alternative methods in terms of network longevity
and energy efficiency. This makes it a desirable method for applications that need to gather data and run networks
over an extended period of time. In case study [2] this research presents a complete and up-to-date survey of
energy-efficient routing methods for wireless network of nodes (WSNs). The key features include energy as a
significant concern: Because sensor units' power supply is constrained, energy-efficient routing is vital for
extending WSN lifespan. This research categorise and analyse many different techniques for routing based on
network topology, data exchange mechanisms, location awareness, and Quality of Service. The classic protocols
LEACH and its variants are examined, along with their benefits and shortcomings. Modern approaches Recent
advances in routing protocols are investigated, including chain-based, data-centric, and multi-path routing. Future
directions new trends in energy-efficient routing, such as machine learning and hybrid techniques, have been
suggested as attractive areas for future research.

The research categorizes and evaluate various techniques, identifying strengths and flaws and discussing
new trends. As a result, rather than a single protocol, this work's recommended solution is based on its entire
knowledge base and insights. As a result, rather than presenting a single solution, the true value of this study is
its ability to guide and accelerate future research in the subject of energy-efficient routing for WSNs.

In the case study [3] they worked on problem of wireless sensors networks utilize rechargeable nodes, which
are rendering energy consumption an essential factor in the lifetime of the network. Inefficient clustering and data
transmission can quickly exhaust energy resources. The study proposed a solution where they offer an improved
clustering strategy that focuses on balancing energy consumption among sensors which involves:

a) Modified Cluster Head Selection: Cluster head selection is guided by a dynamic threshold based on
remaining energy and distance to the base station, ensuring a more equitable distribution of energy
burden.

b) Improved Data Aggregation: Sensor nodes aggregate data locally prior to transmission, eliminating
redundant data flow and conserving energy.

c) Optimized TDMA schedule: Time Division Multiple Access (TDMA) is modified to allocate equal
transmission slots to nodes, further improving balanced energy consumption.

Simulations comparing the suggested technique to LEACH (a prominent WSN protocol) show Up to
15% increased network lifetime: Extended network operation due to better balanced energy consumption.
Increased stability in energy consumption: Reduced energy differences across nodes, avoiding premature
depletion. Increased data packets received by the base station: Optimized data aggregation and transmission
processes result in increased efficiency. The study highlights the potential of LandTrendr as a helpful instrument
for tracking changes in surface water resources and guiding selections to earn the governance of resources
related to water.

The paper describes a method for implementing leach protocols, in the case study [4] they worked to
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solve the problem of due to limited battery power and changeable surroundings, wireless network of nodes
(WSNs) struggle to balance energy usage for optimal network lifetime. Traditional methodologies frequently
result in uneven energy depletion and early node failure. The proposed solution is to offer an energy-efficient
clustering technique that prioritizes lifespan maximization and routing efficiency. It combines two main
elements: Clustering with Adaptive Threshold: Sensors are clustered by energy level and distance from the base
station[6] . A dynamic threshold guarantees that clusters form efficiently and distribute energy evenly among
themselves.

Multi-hop Routing with Chain Selection: Data is routed through cluster heads, establishing a chain to the base
station. The chain is periodically reevaluated and optimized to reduce energy usage based on residual energy
and link quality.

Simulations comparing the proposed technique to LEACH and K-means clustering [4] show that up to
25% longer network lifespan: Achieved through efficient energy use and optimized routing paths. Improved
packet delivery ratio: The emphasis on robust cluster formation and routing results in more reliable data transfer.
Reduced energy disparities: Balanced energy consumption across nodes minimizes early depletion and extends
network life.

3. 1II. SOFTWARE REQUIREMENTS

The successful completion of a complete investigation of Heterogeneous Leach Protocols for Improved
Network Performance is heavily dependent on the careful selection of relevant software tools and datasets.
Wireless sensor network simulation necessitates the use of complex network simulation tools, such as NS-3 and
OMNeT++, which will be chosen based on the unique modelling requirements. These tools allow you to simulate
and evaluate the performance of heterogeneous sensor nodes across a variety of network scenarios. Furthermore,
frameworks for software as MATLAB and Python, which are equipped with data science libraries, play an
important role in processing and analyzing simulation findings, providing insights into key performance
measures. On the dataset front, a careful combination of synthetic datasets and, where appropriate, real-world
traces will be used.

Synthetic datasets allow for controlled experimentation and the study of alternative network configurations,
whereas real-world traces add legitimacy to the simulation results. The dataset will include information about
varied node properties, geographical arrangements, and beginning energy levels, which are critical for accurately
capturing the intricacies of real-world wireless network of nodes. This combination of powerful software tools
and well-curated datasets constitutes the backbone of the research, enabling a nuanced examination and evaluation
of Heterogeneous Leach Protocols in varied network contexts.
The circumstances surrounding the event of software requirements are explained here:
a) NS-3 is a discrete-event network simulators that is frequently utilized in computer network research. It
may also be used for modelling and assessing wireless network of nodes.
b) OMNeT++ is a robust network simulation toolkit that is frequently utilized to model and discover
communication networks.
Data Analysis and Visualization Tools

a) MATLAB is excellent for processing and evaluating simulation data, especially when working with
complex mathematical models.
b) Python and data science libraries NumPy, Pandas, and Matplotlib are useful libraries for data analysis
and visualization.
Languages used for programming:

a) MATLAB: Depending on the simulation program programming language is chosen in C/C++.

b)
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4. IV. PROPOSED SYSTEM

Addressing the issues created by Heterogeneous Leach Protocols in wireless network of nodes (WSNs),
the suggested methodology emerges as a critical cornerstone for improving network performance. The answer
carefully weaves together distinctive methods to maximize the functionality of heterogeneous leach protocols
based on the thorough investigation conducted during this project. Our proposed method is based on the hybrid
approach described in [1], which enhances energy efficiency by using K-means clustering and Genetic Algorithms
(GA). We intend to provide a comprehensive solution that lowers energy usage while simultaneously extending
network lifetime and enhancing data delivery efficiency by refining and enhancing our hybrid technology. Using
findings from a broad investigation on energy-efficient routing options [2], Our proposed method incorporates
cutting-edge routing techniques, which improve the adaptability and scalability of Heterogeneous Leach
Protocols. This smart combination of developments is expected to considerably improve the overall performance
of Heterogeneous WSNs, providing a strong and practical answer to the complex issues inherent in these dynamic
networks as shown in fig 1.

=
~= Cluster-head

Base station

Fig 1: Leach protocol with CH and BS

4.1 A. Reference Workflow Diagram

A design diagram fig 1 is a kind of system illustration that summarizes the general layout of an
architecture. Figure 1 illustrates a workflow diagram depicts the suggested systems for utilizing to implement
heterogeneous leach protocols.

After electing themselves as cluster chiefs, the nodes must notify the rest of the network of their decision for the
current round as shown in fig [8]. Only non-clustered units are able to interact with the head of the cluster
employing TDMA, adhering to the timescale the cluster head establishes. Workers simply require to keep their
radios on during their operations and use the shortest amount of energy needed to reach to the cluster head on
during their assigned time period. LEACH also employs CDMA, with each cluster using a separate set of CDMA
codes to reduce interference across clusters.

Library Progress International | Vol.44 No.3 | Jul-Dec 2024 11218



Y.Rajesh,Vemula Jasmine Sowmya, G Siva Nageswara Rao

Setup phase

Nodes exchange info.
(ID, location, energy)

Wait for cluster head Broadcast cluster head
advertisement msg. advertisement msg
Send join-CH msg. Wait for join-CH msg.,

Send msg sleep/active status msg.

to the active members

Send TDMA schedule ‘

"
Go to the steady phase

Fig 2: Reference Workflow diagram of heterogeneous Leach protocol ready phase

5.v. RESULTS AND DISCUSSIONS

As we approach the end of our research journey, the results and discussions section serves as a crucible
for the complexities of our analysis to emerge. Here, we uncover the empirical effects of adopting Heterogeneous
Leach Protocols; this section serves as a canvas on which patterns develop, trends crystallize, and the efficacy of
our offered solutions is shown in fig 3, 4 &5, 11,12. We engage in a thoughtful debate, not just deciphering the
numerical results but also delving into the practical consequences, exploring the nuances that affect the
performance of heterogeneous wireless network of nodes. The essential heart of our study is revealed through
these findings and debates, which provide significant insights, generate new questions, and establish the
framework for the advancement of wireless sensing technology.

Average Energy of Each Node
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Fig 3: Energy graph of wireless sensor nodes

The trend of the average energy graph can help predict the network's lifespan. A slow reduction with
some changes shows somewhat sustainable energy usage, but a sudden decline or large variance may indicate
energy imbalances or ineffective cluster formation. The term "Round Number" refers to the sequential rounds of
communication or operation in the wireless sensor network." The average energy level for each round across all
nodes in the network is represented by "Average Energy per Node" [6,7]. You could be able to see how the nodes'
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energy levels vary throughout the simulation with the aid of this graph
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Fig 4: Base station and cluster head of the nodes
LEACH is a multilevel technique where most nodes broadcast data to cluster heads, who aggregate and

compress it before passing it to the base station as shown in fig 4.

LEACH{LUSTER HEAD

LEACH CLUSTER HEAD

MOD-LEACH CLUSTER HEAD

Fig 5: Cluster head formation of different leach variants leach, mod-leach, custom leach Ileach
Standard LEACH may not solve specific scenarios such as hostile environments, different node capabilities

Customization allows you to modify the protocol to bypass these limitations so Ileach is customized leach
routing protocol to tackle the issue as in fig 5.
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Fig 6: (a) network lifetime of mod leach routing protocol, (b) network lifetime of leach routing protocol, (c)
network lifetime of mod leach routing protocol

Active nodes is displayed in a graph, and this graph has distinct implications for wireless network of
nodes in terms of network stability analysis, energy efficiency assessment, and critical round identification. By
the above graphical results leach protocol gave better results for cluster head creation and mod leach gave better
results for energy efficient nodes because of gradual decrease of nodes with time.

Live nodes
100 T T T T T

| Leach
o Mod-LEACH
%0 \ HLEACH

Allive nodes

L L L L L L L L )
0 100 200 300 400 500 600 700 800 %00 1000
Rounds

Fig 7: Comparative graph of different heterogeneous leach routing protocols

The graphical outcomes obtained from various heterogeneous routing protocol variants indicate that
each routing protocol produced distinct outcomes for various wireless sensor node issues, including critical round
identification, energy efficiency evaluation, and network stability analysis [13, 14]. These results are necessary
to determine which leach routing protocol is best for each of these issues.

5.1 VI CONCLUSION

In conclusion, finally this study carefully examined Heterogeneous Leach Protocols in the context of
wireless network of nodes. We've learned a lot about the influence of these methods on crucial performance
measures through thorough simulation research and empirical tests. The results show that including Genetic
Algorithms (GA) and K-means clustering in the clustering process, as proposed, considerably improves
effectiveness of energy in heterogeneous WSNs Furthermore, the extensive survey on energy-efficient routing
strategies undertaken and provides a comprehensive overview of the state-of-the-art techniques in this domain,
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making it an invaluable resource for future research. The enhancement technique suggested and demonstrated
viable approaches for lowering energy usage in WSNs, paving the path for more sustainable and resilient
network of nodes. Furthermore, the study of energy-efficient clustering for lifetime maximization and routing
emphasizes the importance of novel clustering approaches designed for efficient routing and extended network
operation.

Overall, this initiative adds significantly to the body of knowledge on Heterogeneous Leach Protocols,
providing researchers and practitioners with useful instructions for designing and deploying energy-efficient
and durable WSNs. The findings of this study have ramifications for a wide range of applications, including
environmental monitoring and industrial automation, where network performance optimization is critical. As
the demand for dependable and long-lasting network of nodes grows, the knowledge gained from this study
serves as a springboard for the progress of wireless sensing technologies and the realization of more efficient
and adaptive network architectures.
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