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The rapid evolution of Internet of Things (10T) networks has led to an increasing reliance
on Software-Defined Networking (SDN) to address the complexities of network
management and resource allocation. However, the security challenges in 10T networks
remain a major concern due to the diversity of devices, heterogeneity of communication
protocols, and vulnerabilities to cyber-attacks. This paper proposes an Al-powered
predictive Digital Twin (DT) platform integrated into software-defined 10T networks for
enhanced security and performance optimization. The platform uses machine learning
models to create real-time digital replicas of 10T devices, which are employed to simulate
and predict network behaviors, identify potential security threats, and optimize network
traffic flow. Through the integration of predictive analytics and anomaly detection
techniques, the proposed system provides proactive defense mechanisms against security
breaches, improves fault tolerance, and enhances resource utilization. Experimental
results demonstrate the effectiveness of the platform in improving the resilience of loT
networks against attacks and optimizing their operational efficiency, thereby contributing
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to more secure and scalable I0T systems

1. Introduction

The Internet of Things (IoT) has become a critical
enabler of smart systems, ranging from industrial
automation and smart cities to healthcare and
environmental monitoring. 10T networks consist of
diverse devices with varying communication
protocols, which present unique challenges in
managing, securing, and optimizing their operations
[1]. The traditional approach to managing loT
networks often leads to complex, static architectures
that lack flexibility and scalability. Software-

Defined Networking (SDN) has emerged as a
promising solution, offering centralized control and
programmability, ~ which  enables  dynamic
management of lIoT devices and their interactions
[2]. However, as loT networks grow, security
remains a significant concern, as these networks are
susceptible to various cyber-attacks due to the vast
number of interconnected devices [3]. One
promising approach to enhancing security in loT
networks is the use of Digital Twin (DT) technology,
which creates a virtual replica of physical assets,
processes, or systems. By providing real-time, data-
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driven insights into the network’s behavior and
performance, Digital Twins allow for predictive
analytics and anomaly detection, improving security
and operational efficiency [4]. This real-time
monitoring helps to identify potential threats and
network failures before they occur, allowing for
proactive measures to be taken [5]. The integration
of Digital Twin technology in lIoT networks allows
for better decision-making by providing accurate
simulations of device behaviors under varying
conditions [6]. While Digital Twin technology has
been applied in industrial settings, its use in loT
networks remains an area of active research. loT
networks require adaptive mechanisms to
accommodate the rapidly changing nature of devices
and their interactions, and traditional monitoring
approaches may not be sufficient for this task. Al-
driven Digital Twin platforms, powered by machine
learning (ML) algorithms, can simulate and predict
network  behaviors more accurately than
conventional methods [7]. This capability enables
real-time anomaly detection, network optimization,
and predictive security management, offering
significant improvements in the security and
performance of IoT networks [8].The combination
of Al and Digital Twin technology enhances the
predictive power of 10T networks. Machine learning
algorithms, such as supervised learning and deep
learning, can analyze historical data and predict
future network conditions, thereby identifying
patterns of behavior that indicate potential security
breaches or system failures [9]. For instance,
anomaly detection algorithms can identify
deviations from normal network behavior, which
may signal cyber-attacks or system malfunctions
[10]. Furthermore, predictive analytics powered by
Al can enable proactive fault detection and
automatic network reconfiguration, enhancing the
resilience of 10T systems [11].Al-powered Digital
Twin platforms can also facilitate resource
optimization in 1oT networks. By simulating
different network configurations and evaluating
their performance under varying conditions, these
platforms can identify the most efficient
configurations  for  traffic routing, device
management, and energy consumption [12]. This
helps to reduce the operational cost of 10T networks
and improve their overall efficiency, making them
more sustainable and scalable in the long term [13].
Moreover, Digital Twin technology enables
continuous monitoring of network health, which is
crucial for detecting and mitigating potential failures
before they impact critical services [14]. In terms of
security, the use of Al-powered Digital Twin
platforms offers several advantages over traditional
methods. First, the ability to simulate network
conditions allows for better identification of
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vulnerabilities that could be exploited by attackers
[15]. Second, by leveraging machine learning
models trained on historical network data, these
platforms can predict attack patterns and prepare
defense strategies accordingly. For example,
machine learning models can be used to predict
Distributed Denial of Service (DDoS) attacks or
identify unusual data traffic that may indicate a
potential breach [16]. This predictive capability
empowers network administrators to take timely
actions to prevent or mitigate the impact of such
attacks. Digital Twin-based systems can also play a
crucial role in improving the fault tolerance of 10T
networks. By continuously monitoring network
performance and simulating different fault
scenarios, these systems can provide insights into
how the network would respond to various
disruptions, such as device failures or network
congestion [17]. This information helps in designing
more robust and fault-tolerant loT systems that can
recover from failures more effectively, minimizing
downtime and ensuring the continuity of critical
services [18].The integration of Al-powered Digital
Twin platforms into software-defined loT networks
can lead to significant improvements in network
performance and security. By providing real-time
data-driven insights and enabling proactive
decision-making, these platforms help network
administrators optimize resources, predict and
prevent failures, and strengthen security measures
[19]. As IoT networks continue to grow and become
more complex, the use of Al and Digital Twin
technology will be essential for maintaining the
integrity, security, and efficiency of these systems.In
conclusion, Al-powered Digital Twin platforms
represent a significant advancement in the
management and security of loT networks. These
platforms enable predictive analytics, real-time
monitoring, and resource optimization, helping to
address the security and performance challenges
faced by traditional 10T networks [20]. As the
demand for loT systems continues to increase, the
integration of Digital Twin technology, powered by
Al, will play a crucial role in ensuring the resilience,
efficiency, and security of next-generation loT
networks.

2. Related Works

Recent advancements in  Software-Defined
Networking (SDN) have brought significant
improvements in  managing loT  networks,
addressing the challenges of scalability, flexibility,
and dynamic resource allocation [11]. SDN allows
centralized control of network resources, making it

possible to optimize network performance and
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enhance security in real-time. However, traditional
SDN models still face limitations in handling the
complexity of 10T environments, especially when it
comes to network anomalies and security
vulnerabilities. To mitigate these challenges,
researchers have explored the integration of Al-
driven approaches with SDN for improved network
management and predictive analytics [12]. These Al
techniques, including machine learning algorithms,
help in analyzing large volumes of network data to
predict potential failures and security breaches in
real-time, offering a proactive approach to network
defense. Incorporating Digital Twin (DT)
technology in 10T networks has been an emerging
trend to enhance system performance and
predictability. The concept of a Digital Twin creates
a virtual replica of physical objects or systems,
which can be used to monitor and simulate the
behavior of devices in real time [13]. For instance,
Tao et al. [14] proposed a Digital Twin-based
framework for industrial 10T networks, where the
virtual model was utilized for monitoring device
performance, simulating system behaviors, and
predicting potential failures. This real-time
simulation allows network administrators to take
proactive measures to optimize resource utilization
and improve security. Their approach was also
enhanced by integrating Al techniques, enabling
more accurate predictions and faster decision-
making.The application of Al in Digital Twin
systems has been particularly valuable for anomaly
detection and fault tolerance. Xie et al. [15]
demonstrated how Al-powered Digital Twins could
help in detecting network anomalies in loT systems
by analyzing device behavior patterns and
identifying deviations from the norm. Their system
was capable of predicting network failures and
cyber-attacks by monitoring network traffic and
device health metrics. The integration of predictive
analytics and anomaly detection techniques made it
possible to detect potential threats before they could
cause significant damage, significantly improving
the security and resilience of 10T networks.Machine
learning models have also been applied to enhance
the accuracy and efficiency of Digital Twin systems
in 10T networks. For example, Zhou et al. [16]
combined reinforcement learning with Digital Twin
technology to create an intelligent system for
optimizing loT network operations. Their approach
enabled the network to dynamically adjust its
performance based on real-time data, thereby
improving both the efficiency and security of IoT
systems. Furthermore, this Al-powered system
allowed for continuous learning, adapting to
changing conditions in the network and making real-
time decisions to improve system performance.In
addition to predictive maintenance, Digital Twin
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technology has been utilized for loT resource
optimization. Liu et al. [17] proposed a method for
optimizing energy consumption in loT networks
using Digital Twins. Their system used predictive
models to forecast energy demands and allocate
resources accordingly, ensuring the efficient use of
network resources. By simulating various energy
consumption scenarios, their approach reduced the
overall energy consumption of loT devices,
contributing to the sustainability of loT systems
while maintaining high performance and security.
Several studies have explored the use of Al in Digital
Twin systems for cyber-attack detection in loT
networks. For instance, Zhang et al. [18] employed
deep learning algorithms within Digital Twin
models to detect abnormal patterns in network traffic
that could indicate a cyber-attack. Their system was
capable of identifying a wide range of attacks,
including Distributed Denial of Service (DDoS)
attacks and data breaches, by analyzing network
behavior in real-time. The integration of deep
learning models into Digital Twin frameworks
allowed for more accurate and timely detection of
security threats, enhancing the overall security of
loT networks. Al-powered Digital Twin models
have also been used for fault detection and recovery
in loT systems. Cai et al. [19] proposed a Digital
Twin-based approach to fault detection in industrial
loT applications. Their system created virtual
models of 10T devices and continuously monitored
their performance to identify early signs of failure.
When a fault was detected, the system automatically
initiated recovery procedures to minimize downtime
and ensure the continuity of services. This
autonomous fault detection and recovery mechanism
significantly improved the reliability and fault
tolerance of 10T networks.The use of Al in Digital
Twin systems for resource allocation and load
balancing has been explored as well. Chen et al. [20]
proposed a machine learning-based Digital Twin
system that optimized resource allocation in loT
networks. By analyzing real-time network data and
simulating different resource allocation strategies,
their system was able to improve network
throughput, reduce latency, and ensure efficient
utilization of network resources. This approach
helped to address the challenges posed by the ever-
increasing demand for network resources in loT
systems, ensuring that the network could handle
large volumes of data while maintaining optimal
performance and security.

3. Methodology of Proposed Work
The methodology of the proposed Al-powered

predictive Digital Twin platform for secure
Software-Defined 10T (SD-10T) networks is
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designed to enhance both the security and
operational efficiency of 10T systems. The approach
is divided into several key stages: data collection and
preprocessing, Digital Twin modeling, Al-driven
predictive analytics, anomaly detection, and security
optimization. Each of these stages plays a crucial
role in ensuring the effectiveness of the platform in
real-time network monitoring and resource
management.

3.1. Data Collection and Preprocessing

The first step in the methodology is the collection of
real-time data from loT devices and network
components. This includes traffic data, device health
metrics, and environmental parameters such as
temperature and humidity. The collected data is then
preprocessed to remove noise, handle missing
values, and normalize the features for analysis.
Additionally, categorical data is encoded, and time-
series data is synchronized for accurate modeling.
The preprocessed data serves as the foundation for
creating accurate Digital Twin models and training
machine learning models for predictive analysis.

3.2. Digital Twin Modeling

The core of the proposed platform is the creation of
Digital Twin models for each loT device and
network component. These virtual replicas simulate
the behavior of the physical devices in real-time by
processing input data and predicting their future
states. The Digital Twins are built using advanced
simulation techniques, which model the internal
states and operations of the devices based on their
operating conditions. This simulation helps in
predicting device performance, failure, and behavior
under various scenarios. Each device’s Digital Twin
is continuously updated with new data to maintain
an accurate virtual representation of the device’s
condition.

3.3. Al-driven Predictive Analytics

Machine  learning  algorithms,  particularly
supervised and unsupervised learning models, are
applied to the Digital Twin data to forecast potential
issues in the 10T network. The predictive models are
trained on historical data and continuously updated
with new data from the 10T devices. Supervised
learning techniques, such as regression analysis and
classification, are employed to predict network
failures, traffic congestion, and other performance
metrics. Unsupervised learning techniques, such as
clustering and anomaly detection, help identify
unusual patterns and behaviors that may indicate
security threats or system malfunctions. These
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models enable the platform to make real-time
predictions and decisions to optimize network
performance and preemptively address potential
issues.

3.4. Anomaly Detection

A critical aspect of the proposed methodology is the
use of Al for anomaly detection. The system
continuously monitors the data generated by the 1oT
network and compares it to the expected behavior of
the Digital Twin models. When deviations are
detected, the anomaly detection algorithms, such as
Isolation Forest and Autoencoders, flag potential
network disruptions, cyber-attacks, or device
failures. The platform uses these detected anomalies
to trigger security alerts and initiate automated
responses, such as rerouting traffic, isolating
compromised devices, or activating failover
mechanisms.

3.5. Security Optimization

The final component of the methodology focuses on
enhancing the security of the loT network. Using the
insights gained from the predictive models and
anomaly detection, the platform employs Al-driven
security optimization techniques. These techniques
include automated intrusion detection systems (IDS)
and proactive security measures, such as encryption
and access control policies.
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Figure 1. Overall Block Diagram
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The system continuously evaluates the security
posture of the network and applies adaptive defense
strategies based on detected threats. For instance, if
an attack is predicted, such as a Distributed Denial
of Service (DDoS) attack, the platform can take
preventive actions like traffic filtering or rate-
limiting to mitigate the attack’s impact.

3.6. Feedback and Continuous Learning

The methodology incorporates a feedback loop,
where the system learns from the results of its
predictions and actions. As new data is collected, the
Al models are retrained to refine their predictions
and adapt to changing network conditions. This
continuous learning ensures that the platform
evolves and improves over time, becoming more
accurate and efficient in optimizing both the security
and performance of the 10T network. By combining
Digital Twin technology with Al-driven predictive
analytics and security optimization, the proposed
platform provides a robust solution for managing the
complexity and security of 10T networks. It enables
real-time monitoring, anticipates network issues,
and applies proactive security measures, ensuring
that 10T systems operate efficiently, securely, and
with minimal downtime.

4. Results And Discussion

In this section, we present the results of the proposed
Al-powered predictive Digital Twin platform for
Software-Defined 10T (SD-1oT) networks. The
platform’s effectiveness was evaluated through
various experiments that tested its performance in
terms of security, fault detection, resource
optimization, and network resilience. The results are
discussed in detail, with a focus on the
improvements observed in network security,
predictive capabilities, and operational efficiency.
The evaluation was performed using real-time data
from a simulated 10T environment, where the
platform’s performance was compared against
traditional network management methods.

4.1 Security and Anomaly Detection

The proposed platform successfully detected several
security threats, including Distributed Denial of
Service (DDoS) attacks and data breaches, with an
accuracy of 95%. Figure 1 shows the comparison
between the proposed platform and traditional
anomaly detection systems in terms of detection
accuracy and response time. The results indicate that
the Al-powered Digital Twin platform not only
detects threats more accurately but also responds
faster to mitigate potential security breaches. The
anomaly detection system was able to identify

unusual traffic patterns and device behavior that
indicated a potential attack, triggering automated
defenses to protect the network.

Table 1. Security Detection Accuracy Comparison

Method Accuracy Response
(%) Time (ms)
Traditional Anomaly 85 450
Detection
Al-powered Digital 95 150
Twin Platform

This table 1. compares the performance of traditional
anomaly detection systems and the Al-powered
Digital Twin platform in terms of detection accuracy
and response time. The Al-powered platform
outperforms traditional methods in both metrics,
demonstrating its efficiency in detecting and
responding to security threats.

4.2 Fault Detection and Network Resilience

The predictive fault detection capabilities of the
platform were also evaluated. The Al models
successfully predicted device failures, including
sensor malfunctions  and communication
breakdowns, with an accuracy of 92%. Figure 2
illustrates the fault prediction performance, showing
the number of predicted failures versus the actual
failures in the 10T network. The Digital Twin model
enabled the system to predict failures well in
advance, providing the network administrator with
enough time to take corrective actions, reducing
downtime and improving network resilience.

Faut Predichon Performance

Tabire Yoes

Figure 2. Fault Prediction Performance

This table compares the actual number of device
failures with the predicted failures based on the Al-
powered Digital Twin platform. The high prediction



Shanmugam Muthu, Nandhini RS, A. Tamilarasi, Ahmed Mudassar Ali, Sujatha. S, S. Jayapoorani / IJCESEN 11-3(2025)4462-4469

accuracy demonstrates the effectiveness of the
platform in forecasting faults before they occur.

4.3 Resource Optimization and Efficiency

Resource optimization was another critical aspect of
the evaluation. The platform was able to optimize
network traffic and energy consumption, leading to
a 20% reduction in energy usage and a 15%
improvement in throughput. Table 1 summarizes the
energy consumption and throughput before and after
implementing the Al-powered Digital Twin
platform. These results show that the platform
significantly improves the energy efficiency of 10T
networks while maintaining high performance,
contributing to the sustainability of 10T systems.

Table 2. Resource Optimization

Metric Before Platform | After Platform
Implementation | Implementation

Energy 200 160

Consumption

(kwh/day)

Throughput 50 57
(Mbps)
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Figure 3. Resource Optimization Results

Figure 3 demonstrates the improvements in energy
consumption and throughput after implementing the
Al-powered Digital Twin platform. The platform
helps in reducing energy consumption by 20% while
improving network throughput by 15%. The overall
performance of the platform was assessed by
measuring the network’s uptime, security breach
incidents, and resource utilization over a 30-day
period. The platform achieved an uptime of 99.7%,
with only a 0.3% downtime due to scheduled
maintenance and system updates. The number of
security breach incidents decreased by 85%
compared to the baseline network. Additionally, the
platform’s ability to continuously optimize
resources led to improved operational efficiency, as
shown in the performance metrics.
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Table 3. Overall Performance Metrics

Metric Baseline Al-powered
Network Digital Twin
Network
Uptime (%) 97 99.7
Security Breach 10 1
Incidents
Operational 80 95
Efficiency (%)

This table 3. summarizes the overall performance
improvements achieved with the Al-powered Digital
Twin platform, showing significant gains in uptime,
security, and operational efficiency. The results
indicate that the Al-powered Digital Twin platform
offers substantial improvements over traditional 10T
network management techniques. In terms of
security, the platform’s predictive capabilities
allowed for early detection and mitigation of security
threats, thus reducing the risk of cyber-attacks. The
fault detection system provided accurate predictions,
enabling proactive maintenance and reducing
downtime. Additionally, the platform’s resource
optimization techniques enhanced the efficiency of
the 10T network, leading to lower energy
consumption and higher throughput. Overall, the
integration of Al and Digital Twin technology has
proven to be a powerful combination for managing
lIoT networks. The platform not only addresses the
common challenges of security and fault detection
but also optimizes resource utilization, making it a
scalable and efficient solution for next-generation
loT systems. Future work will focus on extending
the platform’s capabilities to handle even larger,
more complex networks and integrating it with
emerging technologies such as 5G and edge
computing.

5. Conclusion

In this paper, we have proposed an Al-powered
predictive Digital Twin platform for enhancing the
security and operational efficiency of Software-
Defined loT (SD-1oT) networks. By integrating
Digital Twin technology with machine learning-
based predictive analytics and anomaly detection,
the platform provides a comprehensive solution to
the inherent challenges faced by traditional loT
networks, including scalability, security
vulnerabilities, and resource optimization. The
methodology demonstrated the ability to create
accurate virtual replicas of 10T devices and predict
network behaviors in real-time, enabling proactive
measures to be taken before potential issues arise.
Furthermore, the use of Al-driven anomaly detection
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significantly enhances the platform's capability to
identify and mitigate security threats, while the
continuous feedback mechanism ensures continuous
improvement and adaptation to changing network
conditions.The experimental results show that the
proposed platform not only improves network
security by detecting and preventing cyber-attacks
but also optimizes the network’s performance by
efficiently managing resources and reducing
operational costs. The integration of predictive
models for fault detection and recovery further
contributes to the resilience and reliability of loT
networks. As loT systems continue to evolve and
expand, the proposed solution offers a scalable and
adaptive approach for ensuring the robustness and
security of next-generation I0T infrastructures.In
conclusion, this Al-powered Digital Twin platform
represents a significant advancement in the
management and security of 10T networks, offering
a proactive, data-driven approach that enhances both
operational efficiency and network security. Future
work will focus on refining the platform’s
capabilities, exploring its application in more diverse
IoT scenarios, and integrating it with emerging
technologies such as 5G and edge computing to
further enhance its performance and scalability.
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