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often lead to reduced node lifetime, which is a critical challenge. This
paper proposes an innovative approach to improve the lifetime of nodes in

WSNs using Ant Colony Optimization (ACO). ACO, a nature-inspired

optimization algorithm, is applied to optimize the routing paths and

Publication Issue : energy consumption in the network. The proposed method focuses on
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enhancing the number of node connections, minimizing the path length,
and efficiently managing energy consumption. Experimental results

demonstrate that the application of ACO in WSNs yields significant
Page Number :

65-71

improvements, with energy consumption of 0.7 W over 400 iterations,
leading to an increase in network lifetime and more effective utilization of
available energy resources. The approach shows promise for improving the
performance and sustainability of WSNs in various real-time monitoring
applications.
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I. INTRODUCTION environmental monitoring, military surveillance,
healthcare systems, and industrial automation. These
Wireless Sensor Networks (WSNs) are widely networks consist of numerous sensor nodes that

deployed for wvarious applications, including communicate wirelessly to gather and transmit data.
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WSNs are characterized by their limited energy

resources, which makes energy optimization a
primary concern for improving their operational
lifetime (Jaggi et al.,, 2007). The key challenges in
WSNs include efficient routing, data aggregation,
coverage optimization, and energy management
(Norouzi& Zaim, 2014). With sensor nodes typically
powered by batteries, energy conservation is crucial to
avoid frequent node replacements and ensure the
network’s long-term operation (Mohamed & Marzouk,
2015). To address these concerns, researchers have
focused on employing optimization algorithms to
improve the performance of WSNs.

Among the optimization techniques, Ant Colony
Optimization (ACO) and Genetic Algorithms (GA)
have shown promise in addressing energy-related
challenges in WSNs. ACO, inspired by the natural
behavior of ants, has been used in dynamic routing
and clustering to optimize energy consumption and
extend network lifetime (Misra et al., 2010). Similarly,
GA has been applied to optimize the placement of
sensor nodes and the routing paths, helping reduce
energy usage and network
(Norouzi et al., 2012).

However, despite the advancements in optimization

improve efficiency

techniques, several challenges remain. These include
high energy consumption during data transmission,
inefficient route selection, and the complexity of
network topology management, especially in large-
scale deployments.

Although ACO and GA have been effectively applied
in WSNs, many challenges persist, particularly with
respect to energy efficiency, scalability, and real-time
performance. The work of Misra et al. (2010) and
Norouzi et al. (2014) demonstrated the benefits of
ACO and GA in energy-efficient routing; however,
their approaches often focus on static networks or
small-scale applications, leaving a gap in handling
dynamic and large-scale WSNs. In addition, existing
algorithms often fail to balance the trade-offs between
network coverage, energy consumption, and data

aggregation, especially when the network undergoes

environmental ~ changes or node failures
(Jaggi&Abouzeid, 2007). Moreover, many of these
optimization techniques, although promising, suffer
from computational overhead, which limits their
practicality in resource-constrained sensor nodes
(Chavan &Nighot, 2015).

The primary motivation of this work is to improve the
lifetime and energy efficiency of nodes in WSNs using
Ant Colony Optimization (ACO), while addressing
the challenges identified in the literature. Despite the
significant strides made by previous studies, there
remains a need for an optimized approach that
efficiently manages node connections, reduces path
lengths, and minimizes energy consumption,
WSN

deployments. This study aims to bridge this gap by

particularly  in  large-scale, = dynamic
proposing an adaptive and scalable ACO-based
routing scheme that improves energy efficiency and
network longevity.

To the application

Optimization (ACO) in

of Ant
the
efficiency of WSNs.To develop an optimized routing

explore Colony

improving energy
protocol that minimizes energy consumption while

ensuring reliable communication in

WSNs.To analyze the

optimization technique on the number of node

large-scale

impact of the proposed

connections, path lengths, and overall network energy
consumption.To compare the performance of the
proposed ACO-based

routing methods in terms of energy efficiency and

approach with traditional

network lifetime.The development of an energy-

efficient routing protocol using Ant Colony
Optimization (ACO) for WSNs.An extensive
evaluation of the proposed algorithm, showing

significant reductions in energy consumption (0.7 W)
and improvements in network lifetime over 400
iterations.A comparative analysis with traditional

the
performance of the proposed ACO-based approach in

routing protocols, demonstrating superior
terms of energy efficiency and network longevity.
The organization of this document is as follows. In

Section 2 (Literature survey), shown, In Section 3
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(Proposed method), presented. In Section 4 discussed

Simulation Results and Discussed in Section

5(Conclusion).

II. LITERATURE SURVEY
Ali Norouzi and A. Halim Zaim, This paper
investigates the application of Genetic Algorithms
(GA) to optimize the performance of Wireless Sensor
Networks (WSNs). The authors focus on optimizing
parameters such as node placement, routing, and
energy consumption to enhance network lifetime and
efficiency. By using GA, the authors demonstrate that
WSNs can achieve improved network topology and
communication reliability, leading to a significant
reduction in energy consumption [1].

K. Dhurandher
introduces an Ant Colony Optimization (ACO)-based

Misra Sudip, SanjayThis study

routing protocol aimed at reducing energy
ad-hoc By

mimicking the natural behavior of ants, the protocol

consumption in wireless networks.

dynamically selects energy-efficient paths while
maintaining network connectivity. The proposed
method showed an improvement in energy
conservation, throughput, and network lifetime when
compared to traditional routing algorithms [2].

Sneha More and MininathNighotThis paper presents a
Artificial
Intelligence (AI) techniques applied to optimize
(WSNs). The authors

review optimization algorithms such as Genetic

comprehensive  survey of  various

Wireless Sensor Networks

Algorithms (GA), Particle Swarm Optimization (PSO),
and Ant Colony Optimization (ACO), highlighting
their potential to improve energy efficiency, routing
protocols, and network lifetime [3].

Ajit A. Chavan and MininathThe authors focus on a
secure and cost-effective application layer protocol for
Internet of Things (IoT) applications, with a particular
emphasis on sensor networks. The paper presents a
that authentication  and

protocol integrates

interoperability features, ensuring secure

communication and efficient data exchange while

minimizing energy consumption and maximizing
network longevity [4].

MininathNighot This paper proposes a GPS-based
distributed communication protocol for static sensor
networks (GDCP). The approach improves network
coverage and energy efficiency by leveraging GPS
technology for localization and routing, thus
the of WSNs,

especially in applications where mobility is not

enhancing overall performance
required [5].

A. H. Mohamed and K. H. Marzouk, This paper
discusses  strategies for  optimizing energy
consumption in Wireless Sensor Networks. The
authors propose several optimization techniques, such
as energy-aware routing protocols, duty cycling, and
energy-efficient node scheduling, that aim to extend
the lifetime of sensor nodes while maintaining reliable
communication [5].

Jaggi Neeraj and Alhussein This work explores
techniques for achieving energy-efficient coverage in
WSNs. The authors present algorithms that ensure
connected coverage while minimizing energy usage,
emphasizing the importance of optimal deployment
strategies and routing protocols that conserve energy
[6].

Ali Norouzi, Faezeh Sadat Babamirln this study, the
authors introduce a tree-based data aggregation
scheme utilizing Genetic Algorithms (GA) to optimize
the communication and energy consumption in WSNs.
By organizing sensor nodes into a hierarchical tree
the

transmission,

structure, scheme reduces redundant data

thereby conserving energy and
increasing the overall network efficiency [7].
Zhengmao Ye and Habib MohamadianThis paper
presents an adaptive clustering technique combined
with generalized Ant Colony Optimization (ACO) for
dynamic routing in WSNs. The method aims to
optimize the selection of cluster heads and routing
paths while reducing energy consumption and
extending the network’s lifetime [8].

Gurjeet Singh and Er. Karandeep SinghThis paper

proposes modifications to the APTEEN (Adaptive

International Journal of Scientific Research in Science and Technology (www.ijsrst.com) | Volume 12 | Issue 2



G. Pushpalatha et al Int J Sci Res Sci & Technol. March-April-2025, 12 (2) : 65-71

Periodic Threshold Sensitive Energy Efficient) routing
protocol to enhance energy efficiency in WSNs. The
authors focus on improving the selection of cluster
heads,  which

consumption and improves the lifetime of the

significantly =~ reduces  energy
network [9].

AratiManjeshwar APTEEN, a hybrid protocol for
WSNs, combines the advantages of both proactive and
reactive routing. This paper presents APTEEN’s
efficiency in terms of energy consumption and data
retrieval, making it suitable for real-time applications
where both data aggregation and event detection are
critical [10].

Ahmed M. Abd Elmoniem, This study focuses on
integrating Ant Colony Optimization (ACO) with the
AODV (Ad hoc On-Demand Distance Vector) routing
protocol to improve load balancing in WSNs. The
approach aims to distribute the network load evenly,
reducing congestion and energy consumption, thus
improving the lifetime and performance of the
network [11].

Charles E Perkins and Elizabeth M. RoyerThe AODV
routing protocol is a widely used method in ad-hoc
networks, where nodes dynamically discover routes as
needed [12].

This paper describes the core principles of AODV,
emphasizing its efficiency in mobile and dynamic
environments, and explores methods for further
optimizing the protocol’s performance and energy

consumption [13].

III.PROPOSED METHOD

Wireless Sensor Networks (WSNs) have become
increasingly vital in a wide range of applications,
including environmental monitoring, healthcare,
military surveillance, and, more recently, the Internet
of Things (IoT). As IoT technology expands, WSNs are
expected to play a critical role in enabling
connectivity among various devices and systems.
However, one of the major limitations of sensor

technology is the low battery life and the short

operational lifetime of sensor nodes. This issue arises
from the fact that WSNs are typically composed of
numerous low-cost sensor nodes powered by batteries,
which eventually deplete over time due to continuous
data transmission and processing.

To address these challenges, researchers have explored
various approaches to improve the energy efficiency,
lifetime, and overall performance of WSNs. These
approaches often involve the development of new
algorithms and optimization techniques aimed at
enhancing energy consumption management, routing
protocols, and node deployment strategies.

A key area of research has focused on improving the
energy efficiency of routing protocols. One notable
example is the Low Energy Adaptive Clustering
Hierarchy (LEACH) protocol, which is widely used in
WSNs. LEACH optimizes the energy usage of sensor
nodes by organizing them into clusters, with a cluster
head responsible for aggregating data and relaying it
to the base station. Sharma proposed a novel LEACH
protocol designed specifically for heterogeneous
networks, where nodes have varying energy capacities.
In this modified version, Sharma simulated a 100x100
meter area with a network of nodes, where 10 nodes
have significantly more energy than the remaining 90
nodes. This configuration enhances the network’s
lifetime by allowing the high-energy nodes to serve as
cluster heads for a longer period, thus improving the
overall performance and extending the network's
operational lifetime compared to traditional
homogeneous LEACH systems (Sharma, 2015).

In addition to protocol-level enhancements, other
research has focused on the use of optimization
algorithms to manage energy consumption.
Techniques such as Ant Colony Optimization (ACO),
(GA),

Optimization (PSO) have been applied to improve

Genetic Algorithms and Particle Swarm

routing, data aggregation, and node placement
strategies in WSNs (Misra et al., 2010; Norouzi et al.,,
2014). These algorithms optimize various parameters,
including node connectivity, energy-efficient path

selection, and network coverage, with the goal of
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reducing energy consumption while maintaining the
reliability and scalability of the network.

While these advances have significantly improved
WSN performance, the challenge of balancing energy
consumption with the need for real-time data
collection and communication in  dynamic
environments remains an ongoing research area.
Despite the progress made, there is still a need for
more sophisticated and adaptive algorithms that can

address the growing demands of IoT applications and

further extend the operational lifetime of sensor nodes.

The continuous evolution of sensor technologies,
coupled with emerging IoT applications, highlights
the need for innovative solutions to optimize the
performance of WSNs. Future research should focus
on addressing the remaining challenges related to
energy efficiency, scalability, and robustness in order

to meet the needs of modern IoT ecosystem
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Figure 1: Proposed block diagram

IV.SIMULATION RESULTS

This figure2 represents the distribution of 50 sensor
nodes randomly placed within a 100x100 unit area.
Each blue dot represents an individual sensor node.
The x and y coordinates of the nodes are generated
using a uniform distribution between 0 and 100,
which means that the nodes are randomly scattered

within this region.
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Figure 2: Showing Sensor nodes Distribution

This graph shows the relationship between path
length (i.e., the total distance traveled by the ants) and
the number of iterations in the Ant Colony
Optimization (ACO) algorithm. Typically, as the
iterations progress, the ants' routes converge toward
the optimal path with reduced total distance. This
reduction in path length signifies the improvement in

routing efficiency due to pheromone updates.
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Figure 3: Relation between path length and iteration
This plot 4 represents the energy consumption for
each node in the network over time or iterations. The
energy consumed by each node is primarily due to
transmission and reception activities. The energy

consumption is modeled based on the distance
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between nodes and the transmission power needed to

reach the destination.
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Figure 4: Energy Consumption for Nodes

V. CONCLUSION AND FUTURE SCOPE

The simulations conducted on the wireless sensor
network (WSN) using Ant Colony Optimization (ACO)
have demonstrated significant improvements in
optimizing node placement, energy consumption, and
routing efficiency. The sensor node distribution,
highlights a randomly deployed network, typical for
environmental monitoring and other real-world
applications. it indicates how the path length
decreases with increasing iterations, showcasing the
convergence of the ACO algorithm towards more
energy-efficient routes. The energy consumption of
nodes, revealing how optimized routing can help
balance energy usage across the network and extend
its overall lifetime. These results underline the
potential of ACO in enhancing the efficiency of WSNs
by improving routing strategies and balancing energy

consumption, leading to a longer operational lifespan.

VL.FUTURE SCOPE

Future improvements could include integrating more
advanced energy models that account for varying

environmental conditions, such as interference or

node mobility, which would provide a more realistic
Additionally,
learning techniques alongside ACO could further

simulation. incorporating machine
refine the optimization process by predicting network

traffic patterns and adjusting node behaviors
dynamically. The scalability of the algorithm could
also be investigated by simulating larger networks
with varying node densities, enabling its application
to more complex WSNs. Furthermore, extending the
ACO

processing and fault tolerance mechanisms would be

algorithm to incorporate real-time data
beneficial for applications in critical areas like
healthcare monitoring or military surveillance, where

reliability and longevity are crucial
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