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Abstract

Wireless Sensor Network (WSN) clustering plays a crucial
role in enhancing network lifespan, scalability, and
efficiency. The Fuzzy C-Means (FCM) algorithm is
employed for clustering in WSN, enabling flexible and
efficient formation of clusters by assigning sensor nodes to
multiple clusters with varying degrees of membership.
FCM enhances clustering accuracy and reduces energy
consumption by optimizing the placement of cluster heads
(CHs) based on sensor node proximity and energy levels.
The use of FCM-based clustering contributes to improving
WSN performance in terms of balanced energy distribution
and better intra-cluster communication.

Keywords: Fuzzy C-Means, Clustering, Wireless Sensor
Network, Energy Efficiency, Intra-cluster
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Introduction

In research work main focuses on improving Wireless
Sensor Networks (WSNs) by using soft computing
algorithms to achieve energy-efficient, secure, and cluster-
based data aggregation.

Wireless Sensor Networks (WSN):

A WSN is a collection of spatially distributed sensors that
gather environmental or physical data (e.g., temperature,
humidity, vibration) and transmit it wirelessly. WSNs are
classified into static WSNs (fixed sensor nodes) and
mobile WSNs (nodes with mobility).

Static WSNs: Nodes are fixed in specific locations.
Suitable for applications like environmental monitoring or
structural health monitoring.

Mobile WSNs: Nodes have mobility and can adapt to
dynamic environments. Suitable for scenarios like tracking
moving targets, healthcare monitoring, or disaster
recovery.

Key challenges in WSNs include energy consumption,
data security, and efficient data management due to the
limited power and resources of sensor nodes.

Data Aggregation in WSNs:

Data aggregation involves combining and summarizing
data from multiple sensors to reduce redundancy, save
energy, and minimize the number of transmissions to a
central sink or base station.

Cluster-Based Data Aggregation:

To optimize energy and resource usage, WSNs are often
divided into clusters. Each cluster has a Cluster Head (CH)
responsible for collecting data from the sensors in its
cluster. The CH performs local aggregation and sends the
processed data to the base station. Cluster-Based Data
Aggregation reduces the number of transmissions. It helps
to saves energy by limiting the communication range for
individual sensors. It also helps to balances the network
load across clusters.

Energy Efficiency:

In WSNSs, sensor nodes operate on batteries with limited
capacity. Prolonging the network’s lifetime depends on
minimizing energy consumption. There are different
Energy-efficient approaches

-Optimizing the selection of cluster heads.
-Reducing the frequency of data transmissions.
-Using lightweight computation to process data.

Soft Computing Algorithms:

Soft computing refers to techniques inspired by biological
and natural systems that are flexible and can handle
uncertainty and imprecision. There are common methods
mentioned below

Fuzzy Logic: Handles uncertainty by mimicking human
reasoning.

Genetic Algorithms: Optimizes solutions by simulating
natural selection.

Artificial Neural Networks (ANNs): Learns patterns for
decision-making.

Swarm Intelligence: Inspired by collective behaviour in
nature (e.g., ants, bees) to solve optimization problems.

Why soft computing for WSNs?

Soft computing can optimize energy usage, secure data
aggregation, and determine the best cluster structures
dynamically. To enhance energy efficiency and delay
awareness, soft computing techniques can be integrated.
Fuzzy Logic helps to determine CH selection based on
fuzzy parameters like energy, distance, and mobility.
Genetic  Algorithms allows to optimize cluster
configurations for energy and delay. Particle Swarm
Optimization (PSO)helps to dynamically adapt cluster
boundaries and CH locations in mobile WSNs.
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Objective

e To develop a clustering algorithm that prioritizes
energy efficiency and minimizes delays for both
static and mobile wireless sensor networks.

Key Goals:

1. Energy Efficiency: Use algorithms to minimize power
consumption and extend the network lifetime.

2. Secure Data Transmission: Implement mechanisms to
ensure the data's security during collection and
transmission.

3. Optimized Clustering: Dynamically select the best
cluster heads and organize sensors to balance the
network load.

Implementation details-

Energy-Efficient and Delay-Aware Clustering Theory:
The proposed clustering algorithm combines energy
efficiency and delay awareness to enhance WSN
performance. Key theoretical principles include:

a. Energy Efficiency:

1. Residual Energy Optimization: Cluster Head
selection considers the remaining energy of nodes to
prevent premature depletion. Periodic re-clustering
ensures balanced energy consumption across the network.
2. Intra-Cluster Communication: Use low-power
transmission within clusters to minimize energy usage.
Nodes close to the CH transmit directly, while distant
nodes use multi-hop communication.

3. Load Balancing: Distribute the workload across
all nodes to prevent energy hotspots near the CH or base
station.

b. Delay Awareness:

1. Minimizing Communication Delay: Prioritize
CHs that are closer to the base station to reduce
transmission delays. Ensure CHs maintain optimal
distances from member nodes to minimize data collection
time.

2. Mobility Management (for mobile WSNs): Use
predictive models to estimate node mobility patterns and
adjust cluster configurations dynamically. Incorporate
algorithms like Kalman filters or fuzzy logic to predict
node positions and prevent communication disruptions.

3. Time Synchronization:  Synchronize data
transmission schedules to avoid delays caused by
collisions or idle periods.

c. Algorithmic Framework:

1. Initialization Phase: Nodes broadcast their
location, energy level, and mobility status. The network
identifies candidate CHs based on predefined criteria (e.g.,
energy, proximity, mobility).

2. Cluster Formation Phase: Nodes join the nearest CH
based on signal strength or distance. For mobile WSNss,
dynamic clustering ensures that nodes join new CHs as
they move out of range.

3. Data Transmission Phase: CHs aggregate data and
forward it to the base station wusing multi-hop
communication. Delay-aware mechanisms prioritize data
from high-latency nodes.

4. Re-Clustering Phase: Periodic re-clustering ensures
energy balance and adapts to topology changes.

5. Performance Metrics:

d. Cluster Head Selection Criteria:

Residual Energy: Nodes with higher energy levels should
be prioritized.

1. Node Proximity: Minimize distance between sensors
and the CH to save energy.

2. Mobility Awareness: In mobile WSNs, CHs should
adapt to node movement.

3. Delay Awareness: Minimize latency during data
collection and transmission.

The effectiveness of the proposed algorithm can be
evaluated using:

. Energy Consumption: Measure the total energy
used during clustering and communication.

e Network Lifetime: Time until the first node exhausts its
energy.

e Average Delay: Time taken for data to reach the base
station.

¢ Packet Delivery Ratio (PDR): Percentage of successfully
delivered packets.

e Cluster Stability: Frequency of re-clustering due to
mobility.

Fuzzy C-Mean Clustering Algorithm

Fuzzy c-means (FCM) is a data clustering technique in
which a dataset is grouped into n clusters with every
datapoint in the dataset belonging to every cluster to a
certain degree. For example, a certain datapoint that lies
close to the center of a cluster will have a high degree of
belonging or membership to that cluster and another
datapoint that lies far away from the center of a cluster will
have a low degree of belonging or membership to that
cluster.
Main objective of fuzzy c-means algorithm is to
minimize:
JUN=Y Y ()"
i=1 j=1
Algorithm Steps:
et X = {x1, X2, X3 ..., Xa} be the set of data points
and V = {vi, vz, v3 ..., Vc} be the set of centers.
'n' is the number of data points.
"vj' represents the j* cluster center.
'm'is the fuzziness index m € [1, oo].
'c’ represents the number of cluster center.
'uij’ represents the membership of i data to j*
cluster center.
'dij’ represents the Euclidean distance between i
data and j" cluster center.
*  Step 1: Randomly select ‘c’ cluster centers.
*  Step 2: Calculate the fuzzy membership uij using
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*  Step 3: Compute the fuzzy centers v;’ using ;
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. Step 4: Repeat step 2) and 3) until the minimum
J'value is achieved . ||U(k+1) - Uk)|| < p.
where,
k’is the iteration step.

‘B’is the termination criterion between [0, 1].
‘U = (uij)n*c’is the fuzzy membership matrix.
J’ is the objective function.
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Flow Chart: Fuzzy C-Mean Clustering Algorithm

Result-

Initially we did random sensor deployment then forming
clusters & defining cluster head are the next staps & with
multiple iteration we have defined the optimized clustering
result.

Random Sensor Deployment FCM Clustering
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Clustering Optimization Results
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Fig2. Result for Clustering Optimization

Conclusion:

The proposed energy-efficient and delay-aware clustering
algorithm aims to enhance the performance of both static
and mobile WSNs by addressing critical challenges of
energy consumption, delay minimization, and dynamic
topology management. Incorporating adaptive clustering
mechanisms ensures prolonged network lifetime and
reliable data delivery in diverse application scenarios.
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