ISSN No: 2584-282X

INTERNATIONAL
JOURNAL OF TRENDS IN

urnal.com
v

Online at: https://researchtrendsjo
o7 5

H

EMERGING RESEARCH
AND DEVELOPMENT

INTERNATIONAL JOURNAL OF TRENDS IN EMERGING RESEARCH AND DEVELOPMENT

Volume 2; Issue 2; 2023; Page No. 01-07

To overcome the optimization issues in clustering by introducing
innovative, energy-efficient cluster-based routing protocols based on
intelligent computing techniques

'Himanshu Agarwal and ?Dr. Sunil Kumar

!Research Scholar, Department of Electronics & Communication Engineering, Kalinga University, Raipur, Chhattisgarh, India
2Professor, Department of Electronics & Communication Engineering, Kalinga University, Raipur, Chhattisgarh, India

Corresponding Author: Himanshu Agarwal

Abstract

This abstract provides a novel strategy for tackling optimization problems in clustering techniques through the development of creative and
resource-saving cluster-based routing protocols using advanced computing techniques. In many fields, such as wireless sensor networks, data
mining, and picture segmentation, clustering is a crucial approach. However, the efficiency of traditional clustering techniques is frequently
hampered by optimization issues. This study promotes the use of intelligent computing methods into the creation of cluster-based routing
protocols as a means of overcoming these difficulties. The proposed protocols attempt to improve the overall performance of clustering
processes by using the power of artificial intelligence, machine learning, and other cutting-edge computational techniques.

The development of energy-efficient techniques for cluster-based routing protocols is a major area of research. In contexts with limited
resources, such wireless sensor networks, where energy-efficient communication directly affects the network's operational lifetime, energy
consumption is a major concern. By carefully controlling data transmission, reception, and node activation inside clusters, the protocols seek
to maximize energy efficiency. The protocols are also made to change dynamically with the state of the network. Traditional clustering
techniques sometimes rely on static settings, which might not be able to adequately handle changing conditions. The proposed protocols can
assess real-time data, forecast changes, and modify cluster formations and routing schemes accordingly thanks to the integration of
intelligent computing.

The two expected advantages of this research are as follows: First, the novel protocols promise to resolve common optimization issues with
conventional clustering approaches. Second, it is anticipated that putting a focus on energy efficiency will greatly increase the lifespan of
networks with limited resources. This study adds to the growing body of information relating to intelligent computing, energy-efficient
networking, and clustering. This abstract summarizes a project that aims to revolutionize clustering approaches by using intelligent
computing techniques. The suggested cluster-based routing protocols aim to improve the performance and endurance of various types of
networks by addressing optimization difficulties and prioritizing energy efficiency.
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Introduction

The introduction creates the framework for the study by
providing background information, summarizing the
problem statement, and stressing the research objectives.
The study's significance and the reader's interest are both
established. Putting related network nodes or data points
together for quick processing and communication is a major
method used in the disciplines of networking and data
analysis. But optimization issues frequently reduce the
efficiency of traditional clustering methods, leading to less-
than-ideal outcomes. Additionally, in environments with
constrained resources, such wireless sensor networks,
energy efficiency is essential for increasing operating
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lifetimes. This work proposes novel cluster-based routing
protocols as a novel approach to these issues. Predictive
modeling, artificial intelligence, and machine learning are
all examples of intelligent computing that support these
protocols. The goal of this integration is to remove obstacles
to optimization and raise the general efficiency of clustering
processes. Thema in focus of this work is the development
of energy-efficient strategies within these processes.

The focus on energy efficiency stems from the knowledge
that conventional routing methods usually overlook this
crucial aspect, which causes node energy to run out too
quickly. By dynamically managing data transmission,
reception, and node activation, the protocols seek to
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minimize energy waste. The protocols are also designed to
adapt in real time to the shifting network dynamics. Instead
of the static configurations of typical systems, these
protocols may analyze data patterns, anticipate changes, and
modify cluster topologies and routing algorithms
accordingly.

Wireless sensor networks

Wireless Sensor Networks (WSNs) are a specialized
category of networks consisting of numerous small,
autonomous devices known as sensor nodes. These nodes
are equipped with sensors to collect and transmit data from
their surrounding environment, such as temperature,
humidity, light, sound, or specific events like motion
detection.

Key characteristics of wireless sensor networks
Decentralized Nodes: Sensor nodes operate autonomously
and collaboratively without a central controlling entity.
Each node typically performs sensing, processing, and
communication functions.

Limited Resources: Sensor nodes are resource-constrained
in terms of processing power, memory, energy supply (often
relying on batteries), and communication bandwidth.
Energy efficiency is a critical concern due to the difficulty
of replacing or recharging batteries in many deployment
scenarios.

Ad Hoc Networking: Sensor nodes communicate directly
with each other or through multi-hop communication to
reach a sink node or base station, which acts as a gateway to
the external network.
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Self-Organization: Nodes in a WSN often organize
themselves into clusters to facilitate efficient data collection,
aggregation, and transmission. This clustering structure
helps conserve energy and manage network scalability.

Data Aggregation: Since WSNs generate a substantial
amount of data, in-network processing and aggregation are
employed to reduce the volume of data transmitted, thus
saving energy and bandwidth.

Diverse Applications: WSNs are used for various
applications, such as environmental monitoring (e.g., forest
fire detection, air quality), industrial automation (e.g.,
equipment monitoring, quality control), healthcare (e.g.,
patient monitoring), smart agriculture (e.g., precision
irrigation), and smart cities (e.g., traffic monitoring, waste
management).

Hardware Architecture of Wireless Sensor Node

As depicted in Figure 1. [5], [6], the architecture of a sensor
node typically consists of a single unit that houses the
sensing, processing, communication, and power supply
modules.

Additionally, depending on the requirements of the
application, location-finding systems (such a GPS receiver)
and mobility modules may also be included. Serial interface
is favored over parallel interface due to the low size
requirements of wireless sensor nodes and the fact that
parallel interfaces take up more space when transferring
many bits at once (rapid data transfer). The following
section provides a quick explanation of the sensor node's
components.
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Fig 1: System architecture of wireless sensor node.
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Processing unit

The processing module is in charge of handling data from
sensors. It is also in charge of carrying out application
programs and communication protocols. Sensor data,
program instructions, and packets are all kept in memory or
storage subunits. The effectiveness, cost, and flexibility of
the node are directly impacted by the choice of processor
subsystem from among the many off-the-shelf processors,
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including microcontroller, Field Programmable Gate Array
(FPGA), Digital Signal Processors (DSPs), and Application
Specific Integrated Circuits (ASIC) 7). Since the majority of
the transceiver's components are shut off, the radio cannot
immediately transmit or receive in the sleep state. The
transceiver must therefore have recovery time to initialize
and configure the radio before beginning its regular duty,
which may take startup energy to complete.

member node

>
*

—»

cluster head
intra-cluster com.
inter-cluster com.

base station

Fig 2: Single-hop single-BS clustered WSN topology

There are several operational states (various power
consumption modes) for the radio, including transmit,
receive, idle, and sleep 12 31 Significant portions of the
reception electronics are kept operational in idle mode,
while hardware operations can be turned off. As a result, the
radio uses energy as it operates in an idle state while waiting
for a signal.

Communication Protocols Architecture: Wireless sensor

networks, in contrast to the Internet, are not intended for all-
purpose applications 28, While other applications, like
wildlife control, require routine monitoring, time-critical
applications, like fire breakout surveillance, are particularly
sensitive to delays. While some applications require a high
data rate, others only need a moderate data rate. Figure 3
depicts the network topology of wireless sensor networks
(271, The following describes the five protocol layers.
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Fig 3: Network architecture of WSNs
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Physical layer: The physical layer transforms data link
layer bit streams into signals that may be transmitted via a
communication media. Therefore, the physical layer is in
charge of carrying out operations such as carrier frequency
selection, modulation, creation of Radio Frequency (RF)
signals, and amplification.

Data link layer (DLL): Medium Access Control (MAC)
and Logical Link Control (LLC) layers are the two
sublayers of the data link layer (DLL). There is a potential
of interference in wireless communication, especially in
contention-based protocols when a large number of wireless
terminals are vying for access to a single transmission
medium (channel).

Network layer: Using single-hop or multi-hop transmission
mechanisms, network layer is responsible for packet routing
between source and destination nodes.

Transport layer: Congestion control and reliable packet
transmission are handled by the transport layer protocols. In
contrast to TCP/IP networks, wireless sensor networks may
not always require 100% dependability because sensors can
read redundant data, with the exception of sensor control
command and query transmission in the downstream
channel (sink to sensor). As a result, wireless sensor
networks are not a suitable fit for the TCP and UDP
transport layer protocols, which are thought to have a solid
reputation on the Internet (281,

Application layer: Since wireless sensor networks are
designed to support a wide range of applications, it is
difficult to create application layer protocols that can fully
satisfy user needs. The characteristics, constraints, common
demands, and issues of WSN applications must be fully and
in-depth understood in order to create application layer
protocols. In most cases, application layer protocols are
employed to hide from the user the hardware and software
characteristics of lower levels.

Applications of wireless sensor networks

The use of wireless sensor networks is quite broad because
smart sensors may be placed everywhere to control the
physical phenomena in our daily activities and because there
is a growing need for information domination in both
military and civilian society. When biological, nuclear, and
chemical threats are detected on the battlefield, sensor
networks provide the commander of an army with the
information they need to be in control of the situation
militarily [29-33]. Inspecting war zones and tracking targets
are further possible uses for wireless sensor networks in
military surveillance. The monitoring and management of
elderly persons while they are at home is one great
application of sensor networks in community care services.
People now live modern, opulent lives thanks to the spread
of technology, but the ecology has become out of balance as
a result of the vast amounts of chemicals that are constantly
released into the atmosphere.

Applications of WSNs in businesses include pipeline oil or
gas leak detection, process control, and machine fault
detection [41, 42]. Wireless sensors can be used in building
automation to control a room's temperature, ventilation, and
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humidity in order to save energy [43]. Wireless sensor
networks make it simple to assess the mechanical load on
any structures or bridges built in an earthquake-prone area.

Limitations and WSN Design Challenges

Wireless Sensor Networks (WSNs) face several limitations

and design challenges due to their unique characteristics and

operational constraints. These challenges impact the

efficiency, reliability, and overall performance of WSNs.

Here are some key limitations and design challenges:

= Limited Energy Resources: Sensor nodes are typically
powered by batteries with limited capacity. Energy-
efficient design is crucial to prolong the network's
operational lifetime. This challenge drives the need for
energy-efficient communication, data processing, and
sleep scheduling strategies.

= Data Communication and Reliability: Wireless
communication in WSNs can be affected by
interference, signal attenuation, and environmental
obstacles. Maintaining reliable data transmission in the
presence of these challenges is critical, especially in
applications requiring real-time data delivery.

= Network Scalability: As the number of sensor nodes
increases, managing network scalability becomes
complex. Scalability issues impact routing efficiency,
data aggregation, and overall network management.

= Dynamic Network Topology: Nodes can join or leave
the network, and connections between nodes may
change due to mobility or environmental factors.
Designing routing and communication protocols that
adapt to dynamic network topologies is a challenge.

= Localization: Determining the physical location of
sensor nodes accurately is challenging. Localization is
essential for various applications like tracking and
monitoring in both indoor and outdoor environments.

= Data Aggregation: Aggregating data at intermediate
nodes to reduce data transmission helps conserve
energy and bandwidth. However, achieving accurate
aggregation while minimizing errors is a complex task.

= Security and Privacy: WSNs are vulnerable to
security threats due to their open and distributed nature.
Ensuring data  confidentiality, integrity, and
authenticity, along with protecting against node
compromises and unauthorized access, presents
significant challenges.

= Quality of Service (QoS): Some applications demand
specific QoS requirements, such as low latency or high
data throughput. Achieving these requirements while
considering energy constraints can be challenging.

= Fault Tolerance: Node failures due to hardware issues,
energy depletion, or external factors can disrupt
network  operations.  Developing  fault-tolerant
mechanisms to ensure the network's reliability is
essential.

= Resource Constraints: Limited processing power and
memory on sensor nodes can hinder the implementation
of complex algorithms and protocols.

= Heterogeneity: Sensor nodes may have different
capabilities, such as varying energy levels, processing
power, and sensing ranges. Designing protocols that
accommodate such heterogeneity is a challenge.

= Interoperability:  Ensuring  compatibility  and
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interoperability between different sensor node types and
network protocols is essential for integrating WSNs
into larger systems.

Statement of the problem

Despite deploying WSNs for many ubiquitous and pervasive
applications, maintaining sensor functionality over an
extended time horizon is difficult due to power supply
constraints. Low power radio designs and energy-saving
protocol architectures are the first and most researched
demands for power-constrained WSNs because the main
source of energy consumption in wireless sensor nodes is
connected to dissipation for communications in the radio
hardware.

System models

Proposed protocol design

In wireless sensor networks, the arrangement of nodes into
clusters has a significant impact on how well-functioning
nodes are. For optimal node distribution in the clusters, the
average distance between nodes and the corresponding
cluster heads is minimized. If the placement of nodes into
clusters is optimized, it can effectively regulate imbalanced
load distribution in addition to decreasing communication
costs within the cluster.

Consider a network that has N nodes. The solution is to
cluster N nodes into ¢ clusters while minimizing the
estimated distance of nodes from cluster centers. The cluster
centers on the reception of the geographic location of nodes
in the WSN field are computed by the base station. The
fuzzy (soft) clustering method has been used to partition the
network into clusters since many scientific and technical
problems are fuzzy in nature.

C N

Jobi = | Duii™ dj;

j=1\i=1

Where m is the fuzziness index and dij represents the
Euclidean distance of node i from cluster centroid j. The
centroid of clusters is located using the fuzzy c-means
clustering algorithm. Let Uf be a variable made up of
vectors representing the degree to which each node belongs
to the specified cluster.
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As indicated in the following equation, the centroid of each
cluster is calculated by averaging all data points (the
positions of nodes in the WSN field) and weighting those
data points according to how much they belong to the
cluster.
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The FCM algorithm terminates when either a predetermined
maximum number of iterations is achieved or the difference
between the contents of Uf in subsequent iterations is
smaller than a threshold value.

The cluster leader configuration is then applied to eligible
set nodes that are also extremely near the cluster centroid.
Finally, the base station broadcasts configuration
information back to nodes, including the matching cluster
leader for each regular node and the TDMA transmission
schedule information. The cluster members relay the
information to their cluster chiefs as soon as they receive the
message.

Experimental Results and Discussion

The simulation tool OMNeT++ is used to implement the
protocol. N (N100) sensor nodes are dispersed throughout
the 100m x 100m WSN area at random. Initial energy = 2J,
base station location = (175, 50) m, control packet size = 25
bytes, data packet size = 500 bytes, Eelc = 50nJ/bit, energy
loss for data aggregation (Eda) = 5nJ/bit/signal, efs =
10pJ/bit/m2, emp = 0.0013pJ/bit/m4, and TDMA frames per
round = 6 are the parameters used in the simulation. The
simulation looks at the number of active nodes in each
round, the variation in their energy consumption, and the
total energy consumed by nodes.

Table 1: Shows the duration until the specified proportion of nodes
dies for the LEACH, LEACH-C, CHEF, and FCM protocols.

Metric LEACH | LEACH-C | CHEF | FCM

FND 110 177 189 640
20% of nodes die 287 575 453 652
40% of nodes die 399 581 569 657

HND 440 584 599 662
60% of nodes die 501 589 655 667
80% of nodes die 592 628 684 672

LND 777 809 819 707

1008—# T :
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Fig 6.1: Functional nodes per simulation rounds.

In WSNs, the balance of energy dissipation among nodes is
necessary to prevent nodes from dying too soon. The
network's load balance has been assessed using the variation
of nodes' residual energy during each round. The simulation
outcome shown in According to Figure 6.2, the FCM-based
approach outperforms LEACH, LEACH-C, and CHEF
protocols with regard to network load balancing. The overall
energy In the simulation, node consumption each round is
also looked at. Figure 6.3 shows 20 cycles are chosen at
random to compare each node's overall energy consumption
protocol.
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Fig 6.2: The variance of residual energy among nodes.
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Fig 6.3: Total energy consumption of nodes versus time

The design and development of protocols for wireless
sensor networks are complicated by the energy constraints
that exist in sensor nodes. Energy-efficient routing protocol
is described using the fuzzy c-means clustering algorithm in
light of the fact that energy efficiency is one of the earliest
and most researched concerns in wireless sensor networks.
The clustering of nodes is optimized by the suggested
protocol. The FCM-based routing protocol has undergone
testing for node longevity, load balancing, and overall node
energy usage.

Conclusion

In conclusion, addressing optimization challenges in
clustering through the introduction of innovative and
energy-efficient cluster-based routing protocols that
leverage intelligent computing techniques holds great
promise. Clustering remains a crucial technique in various
domains, including wireless sensor networks, data mining,
and machine learning. However, traditional approaches
often grapple with optimization problems that hinder their
performance and scalability.By incorporating intelligent
computing techniques such as machine learning, artificial
intelligence, and optimization algorithms, researchers and
practitioners can devise novel solutions that optimize
clustering processes. These techniques can facilitate
efficient cluster formation, data aggregation, and
communication among clusters while minimizing energy
consumption, latency, and other  performance
bottlenecks.The synergy between clustering and intelligent
computing empowers systems to adapt dynamically to
changing conditions, harnessing insights from data patterns
to enhance routing decisions, load balancing, and resource
allocation. Moreover, the utilization of energy-efficient
routing protocols can significantly extend the lifespan of
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battery-powered devices in resource-constrained
environments, fostering sustainable and resilient network
operations.Nevertheless, the realization of these benefits
demands thorough research, experimentation, and
validation. It is essential to consider real-world scenarios,
evaluate protocol performance through simulations and
practical deployments, and iteratively refine the proposed
techniques based on empirical findings.
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