International Research Journal on Advanced Engineering Hub (IRJAEH)
e ISSN: 2584-2137

Vol. 01 Issue: 01 December 2023

Page No: 46 - 52

https://irjaeh.com

IRJAEH

Genetic Algorithm-Based Secure Routing Protocol for Wireless Sensor

Networks
Amit Singh %, Dr. Devendra Singh 2

12 Department of Computer Science, IFTM University, Moradabad, Uttar Pradesh

Emails: singh.amit013@gmail.com?, devendrasingh@iftmuniversity.ac.in?

Abstract

In a wireless sensor network (WSN), security threats are prevalent as a result of the network's distributed
nature and resource limitations. This paper proposes a secure routing protocol for WSNs based on Genetic
Algorithms (GA). The protocol utilizes GA to optimize secure route selection while considering network
lifetime and energy efficiency. To showcase the efficiency of the suggested protocol, we present a case study,
provide a detailed algorithmic representation, and evaluate its performance through extensive simulations.
The results showcase the protocol's ability to enhance security and improve network performance, including
increased packet delivery ratio, reduced energy consumption, and robustness against attacks. The proposed
GA-based secure routing protocol offers a promising approach to address the unique security challenges of
WSNSs, contributing to the development of secure and efficient communication frameworks for various
applications. Additionally, we highlight the significance of incorporating genetic algorithms into secure
routing protocols as a means to optimize route selection in WSNs. By leveraging the evolutionary nature of
genetic algorithms, our proposed protocol adapts to dynamic network conditions and effectively balances
security requirements with energy efficiency and network lifetime considerations. The case study, algorithmic
representation, and comprehensive simulation results validate the protocol’s ability to enhance security while
maintaining robust network performance. This study contributes to the advancement of secure routing in
WSNs, offering a viable solution to mitigate security threats and ensure reliable communication in resource-
constrained environments.

Keywords: Genetic Algorithm, Wireless Sensor Network, Network, Routing Protocol, Sensor
1. Introduction

WSNs play a crucial role in various domains,
such as environmental monitoring, surveillance,
and industrial automation, where they have become
indispensable. However, the limited resources and
communication vulnerabilities of sensor nodes
make WSNs susceptible to security threats.
Protected protocols are critical for protecting
sensitive data and ensuring reliable communication.
This paper introduces a novel genetic algorithm-
based secure routing protocol to address these
challenges effectively [1].

1.1 Importance of Secure Routing in WSNs
Due to their operation in environments with
limited resources, Wireless Sensor Networks are
highly susceptible to security risks. These risks
encompass unauthorized entry, data manipulation,

interception, node seizure, and denial of service
attacks. As a result, it becomes crucial to develop
and apply secure routing protocols to ensure the
protection, confidentiality, and accessibility of data
in Wireless Sensor Networks.

1.2 Security Challenges in WSNs

WSNs face unique security challenges due to
their characteristics; these factors include the
abundance of sensor nodes, energy constraints,
limited computational capabilities, and wireless
communication. These challenges include:

1. Limited Resources: Due to the
constrained energy, processing power, and memory
of sensor nodes, it becomes challenging to
implement conventional security mechanisms [2].

2. Dynamic Network Topology: WSNs
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often operate in dynamic environments where
nodes may join, leave, or move, leading to changes
in network topology and requiring adaptive routing
mechanisms.

3. Unattended Deployment: In most cases,
sensor nodes are placed in distant and challenging
surroundings, rendering them vulnerable to
physical assaults and compromise of nodes [3].

1.3 Secure Routing Protocols’ Objectives

In WSNs, secure routing protocols seek to
achieve the following objectives:

1. Confidentiality: Ensuring that data
remains confidential and protected from
unauthorized access or eavesdropping during
transmission.

2. Integrity: Guaranteeing the integrity of
data by detecting and preventing unauthorized
modifications or tampering.

3. Authenticity: Verifying the authenticity of
data sources and preventing the injection of forged
or malicious data into the network.

4. Availability: Ensuring that network
resources and services are accessible and
operational, even in the presence of attacks or
failures.

1.4 Challenges in Designing Secure Routing

Protocols

Designing secure routing protocols for WSNs
involves addressing various challenges, including:

-Limited Resources: Security mechanisms
must be resource-efficient and minimize energy
consumption to prolong the network lifetime.

-Scalability: Protocols should scale well with
large network sizes and be capable of handling a
significant number of nodes and data traffic.

-Distributed Nature: WSNs operate in a
distributed manner, requiring secure protocols that
can operate autonomously without centralized
control.

-Dynamic Topology: Protocols should be
adaptive to dynamic changes in the network
topology to ensure efficient and secure routing even
in the presence of node failures or mobility.

By developing a genetic algorithm-based secure
routing protocol, we aim to overcome these
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challenges and provide an effective solution that
optimizes route selection, enhances security, and
improves the overall performance of WSNE.

2. Related Work

A review of existing routing protocols reveals
that many fail to adequately address security
concerns in WSNs. We provide an overview of
traditional routing protocols and highlight their
limitations. Furthermore, we discuss the potential
benefits of integrating genetic algorithms into
routing protocols to enhance security and optimize
route selection.

2.1 Traditional Routing Protocols

LEACH: LEACH is a widely used protocol
for wireless sensor networks that adopts a
hierarchical structure to achieve energy efficiency.
It lacks proper security mechanisms, making it
vulnerable to various attacks such as eavesdropping
and data tampering.

DSDV: DSDV is a routing protocol that
operates proactively and utilizes routing tables to
establish and update network routes. However, it
does not consider security aspects, making it
susceptible to routing attacks and unauthorized
access.

2.2 Limitations of Traditional Protocols

Lack of Security Considerations: Many
traditional protocols prioritize energy efficiency
and network connectivity but overlook security
requirements. This exposes WSNs to security
threats, compromising the integrity and
confidentiality of transmitted data.

Static Route Selection: Traditional protocols
often employ static routes, which are predetermined
and do not adapt to dynamic changes in the network.
This limitation hinders efficient and secure data
transmission, especially in scenarios where node
availability and network topology change
frequently [4-6].

2.3.1 Integration of Genetic Algorithms
Genetic algorithms offer a promising
approach to address the limitations of traditional
routing protocols. By incorporating genetic
algorithms into routing protocols, the following
benefits can be achieved:
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e Route Optimization: Genetic algorithms can
dynamically optimize routes based on
security and performance objectives. This
enables the selection of routes that minimize
energy consumption, maximize network
lifetime, and enhance security by avoiding
compromised or unreliable nodes.

e Adaptability to Network Dynamics:
Genetic algorithms can adaptively adjust
routes in response to changes in network
topology, node failures, or security threats.
This flexibility ensures robust and reliable
communication in  dynamic  WSN
environments.

e Security-Aware Route Selection: Genetic
algorithms can consider security metrics,
such as trust levels of nodes and
cryptographic key distribution, in the route
selection process. This enables the
identification of secure and reliable routes
while  mitigating  potential  security
vulnerabilities. By integrating genetic
algorithms into routing protocols, we can
overcome the limitations of traditional
approaches and establish a more secure and
efficient communication framework for
WSNs [7].

3. Genetic algorithm-based secure routing

protocol design

We present the design principles and key
components of the proposed secure routing
protocol. The protocol leverages genetic algorithms
to optimize route selection based on multiple
objectives, including security, energy efficiency,
and network lifetime. The following algorithm
provides a detailed representation of the proposed
protocol.

3.1 Algorithm:  Genetic
Secure Routing Protocol
Input: Sensor nodes, network topology,
security requirements
Output: Secure routes for data transmission
1. Initialize the population of potential routes
with randomly generated individuals.

Algorithm-Based
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2. Evaluate using the fitness of each
individual in the population a fitness function that
considers security, energy efficiency, and network
lifetime.

3. Based on their fitness scores, select the
fittest individuals from the population.

4. Utilize genetic controllers, such as
crossover and mutation, to generate new offspring.

5. Assess the fitness of the offspring and
replace individuals with lower fitness in the
population.

6. Iterate through steps 3-5 until the
termination condition, such as reaching the
maximum number of iterations or achieving
convergence, is satisfied. Select the fittest
individual from the final population as the secure
route for data transmission.

4. Security Considerations

We examine the security elements of the
suggested protocol, encompassing confidentiality,
integrity, authenticity, and availability. The
protocol incorporates cryptographic techniques,
secure key ~management mechanisms, and
authentication mechanisms to ensure secure data
transmission and protect against eavesdropping,
tampering, and various other attacks.

e Confidentiality: The protocol employs
symmetric and asymmetric encryption
algorithms to ensure the security of data
transmitted over a network. Sensible data is
encrypted using symmetric keys shared only
between the sender and intended recipients.
Additionally, public-key cryptography is
used for secure key exchange and
distribution.

e Integrity: To maintain data integrity, the
protocol utilizes cryptographic  hash
functions to generate message digests that
are appended to the transmitted data. Upon
reception, the integrity of the data is verified
by recalculating the message digest and
comparing it with the received digest. Any
mismatches indicate potential tampering or
data corruption [8-10].
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e Authenticity: The protocol employs digital
signatures to ensure message authenticity.
Each sensor node possesses a unique private
key, and messages are signed using this key.
The receiving nodes verify the signatures
using the corresponding public keys,
ensuring that the messages originate from
genuine sources and have not been modified
in transit.

e Availability: The protocol incorporates
mechanisms to address denial-of-service
(DoS) attacks and ensure network
availability. It includes anomaly detection
techniques to identify and mitigate
malicious activities that could disrupt the
network operation. Additionally, the
protocol employs  secure routing
mechanisms that dynamically adapt to
changes in the network topology and route
data through reliable and available paths.
Furthermore, the proposed protocol
considers potential security vulnerabilities
specific to WSNSs, such as node compromise
and physical attacks. It integrates secure key
management techniques to safeguard
cryptographic keys, preventing
unauthorized access and tampering.
Through the integration of these security
mechanisms, the protocol ensures a reliable
and secure communication framework for
WSNs, protecting the confidentiality,
integrity, authenticity, and availability of
data transmission. By addressing these
critical security considerations, the protocol
enhances the overall security posture of the
wireless sensor network, ensuring reliable
and secure communication in the face of
potential security threats [11].

5. Performance Evaluation

To assess the effectiveness of the suggested
protocol, we extensively simulate a WSN scenario.
We evaluate its performance by comparing it to
existing routing protocols concerning Ssecurity,
network throughput, energy consumption, and
packet delivery ratio. Through our experimental
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simulations, we validate that the proposed protocol
outperforms traditional routing protocols, namely
LEACH and DSDV, in terms of improved security
measures and efficient network operation. For our
simulation setup, we consider a randomly deployed
network in a WSN scenario, comprising 100 sensor
nodes. This allows us to make a comparative
analysis between the proposed genetic algorithm-
based secure routing protocol and the two
commonly used traditional routing protocols,
LEACH and DSDV [12]. First, we evaluate the
security of the protocols by analyzing their ability
to detect and prevent unauthorized access,
tampering, and eavesdropping. We introduce
several attack scenarios, including selective
forwarding and node compromise, to assess the
protocols' resilience against security threats. The
proposed protocol, with its integrated security
mechanisms and dynamic adaptation capabilities,
demonstrates robustness in mitigating attacks and
ensuring secure data transmission. Next, we
measure the network throughput, which indicates
the amount of data successfully delivered within a
given time. The proposed protocol optimizes route
selection based on both security and performance
metrics, resulting in improved network throughput
compared to traditional protocols. By avoiding
compromised nodes and selecting efficient routes,
the protocol minimizes data loss and congestion,
leading to higher overall network throughput. The
limited energy resources of sensor nodes make
energy consumption a crucial aspect of WSNs. We
analyze the energy consumption of the protocols
and compare their efficiency in utilizing energy
resources. The proposed protocol, with its energy-
aware routing strategy and optimized route
selection, demonstrates reduced energy
consumption compared to traditional protocols.
This energy efficiency contributes to prolonging the
network lifetime, enabling longer operation without
requiring battery replacements or recharging
[13,14]. The packet transmission ratio is an
important metric that assesses the proportion of
accomplishment transmitted packets relative to the
total number of packets generated. The proposed
protocol's dynamic adaptation mechanisms and
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secure route selection contribute to higher packet
delivery ratios, ensuring reliable communication
even in the presence of node failures or security
attacks. This improved packet delivery ratio reflects
the protocol's ability to maintain data integrity and
successfully transmit packets to their destinations.
The simulation results provide strong evidence
supporting the efficacy of the proposed genetic
algorithm-based secure routing protocol in
achieving enhanced security, improved network
throughput, reduced energy consumption, and
higher packet delivery ratio compared to traditional
routing protocols. These findings validate the
advantages of incorporating genetic algorithms into
secure routing protocols in WSNs and highlight the
protocol's potential for real-world deployment in
various applications requiring secure and efficient
communication [15].

6. Discussion

The proposed genetic algorithm-based secure
routing protocol offers several advantages over
traditional routing protocols in WSNs. Here, we
discuss these advantages and address potential
limitations and areas for further research:

e Enhanced Security: By integrating security
considerations into the route selection
process, the protocol effectively mitigates
various  security  threats, including
eavesdropping, tampering, and node
compromise. The incorporation of trust
metrics, secure key management, and
authentication mechanisms ensures secure
data transmission within the network [16].

e Energy Efficiency: The protocol optimizes
route  selection based on energy
consumption metrics, aiming to prolong the
network lifetime. By minimizing energy-
intensive routes and avoiding compromised
nodes, the protocol reduces energy
consumption and enables efficient
utilization of scarce resources.

e Improved Network Performance: The
genetic algorithm-based approach enables
the selection of optimal routes considering
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both security and performance objectives.
As a result, the protocol demonstrates
notable improvements in terms of increased
network throughput, packet delivery ratio,
and end-to-end delay reduction. It
showcases its ability to adapt dynamically to
changes within the network, ensuring
dependable communication in dynamic
WSN environments [17].

e Scalability: The genetic algorithm's ability to
explore and adapt to different network
topologies makes the proposed protocol
scalable. It can handle large-scale WSN
deployments with numerous sensor nodes
while maintaining efficient and secure
routing.

e Limitations and Future Research:
Although the proposed protocol offers
significant advantages, it is important to
acknowledge its limitations. One potential
limitation is the increased computational
overhead due to the use of genetic
algorithms. Further optimization techniques
can be explored to mitigate this overhead.
Additionally, the protocol's performance in
highly mobile WSNs or networks with
frequent topology changes can be further
investigated.

Potential enhancements include considering
the impact of node mobility, investigating
distributed trust management mechanisms, and
addressing scalability challenges in larger WSN
deployments. Moreover, incorporating intrusion
detection and prevention mechanisms can further
enhance the security of the protocol.

7. Conclusion

This research article introduces a secure
routing protocol for WSNs that employs a genetic
algorithm to optimize the selection of routes based
on security objectives. The protocol effectively
addresses security challenges in WSNs, including
eavesdropping, tampering, and node compromise.
Through extensive simulations and performance
evaluations, the superiority of the proposed protocol
is demonstrated, with improved security, energy
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efficiency, and network performance compared to
traditional routing protocols. The integration of
genetic algorithms into secure routing enables the
selection of optimal routes considering both
security and performance metrics. The protocol's
dynamic adaptation mechanisms ensure reliable
communication in dynamic WSN environments.
The research advances secure routing in WSNs and
encourages further investigation in this field [18].
Future research directions include enhancing
scalability, investigating the impact of node
mobility, and incorporating additional security
mechanisms for intrusion detection and prevention.
By addressing these challenges, we can further
strengthen the security and performance of WSNs,
enabling their widespread deployment in various
applications requiring reliable and secure data
transmission.
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