Data-Aided Intrusion Detection Systems:
Leveraging Al, Blockchain and Digital Twin Technology

Ohood Alharbi, Riaz Ahmed Shaikh and Rameez Asif
School of Computing Sciences, University of East Anglia, Norwich Research Park, Norwich NR4 7TJ, UK
Corresponding Author: O.Alharbi@uea.ac.uk

Abstract— Intrusion Detection Systems (IDS) are the key for
securing the rapidly evolving Internet-of-Things (IoT), where
data security and privacy will become increasingly important
in the forthcoming era. This research presents an innovative
method for improving IDS performance through the integration
of Artificial Intelligence (AI), Blockchain, and Digital Twin (DT)
technologies. Al is utilized for real-time anomaly detection,
whereas DT replicate device behavior for predicting threats
and Blockchain ensures secure, decentralized data transmission.
Energy-efficient zero-knowledge proofs are employed to meet
the energy requirements of Blockchain, enhancing both security
and resource efficiency. The performance of the suggested
system will be assessed based on detection accuracy, latency,
scalability, energy efficiency, and privacy preservation. This
distinctive integration of advanced technologies delivers a multi-
faceted security system, providing a thorough respond to for
strengthening security in IoT networks.

I. STATE-OF-THE-ART

The recent developments in IDS illustrate the rapid inte-
gration of sophisticated technologies to address the growing
complexity of cyber threats [1]. IDS systems are typically
categorized into three types: signature-based, anomaly-based,
and hybrid systems. Each of these groups have unique bene-
fits in identifying recognized risks or anomalous behavior
during routine operations [2]. Recent advancements have
focused on incorporating Al into IDS frameworks, partic-
ularly to enhance anomaly detection using machine learn-
ing methods. Al-driven systems can analyze large datasets
and continuously improve detection accuracy by learning
from network traffic patterns [3]. Moreover, edge computing
enhances IDS by facilitating real-time processing at the
network’s periphery. This results in improving latency and
makes the system more responsive.

Moreover, cutting-edge technologies such as DT and
blockchain are revolutionizing IDS potential. DT provides
real-time digital replicas of physical systems, enabling im-
proved monitoring and anomaly detection without impacting
the original system [4]. The integration of these technologies
with blockchain, which ensures data integrity and secure
communication, is becoming increasingly vital for safe-
guarding complex systems, such as cyber-physical systems
(CPS). Federated learning facilitates the training of IDS
models across blockchain, preserving data privacy while
improving detection capabilities across the network. These
enhancements collectively offer a more scalable, efficient,
and secure approach to intrusion detection in modern digital
environments [5].
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II. MOTIVATION AND DELIVERABLES

The integration of IDS, Al, Blockchain, and DT technolo-
gies into IoT networks offers an advanced solution to the
growing security and operational challenges in this field. IoT
devices frequently exhibit vulnerability to attacks owing to
their limited processing abilities, decentralized architecture,
and varying security protocols. The proposed research, as
in Fig. 1, is aimed at using AI’s predictive and adaptive
abilities to improve IDS by identifying unusual patterns in
IoT network traffic in real-time. Blockchain implementation
will offer decentralized and tamper-proof data integrity,
guaranteeing that all interactions or alterations inside the
network are securely documented. The incorporation of DT
technology facilitates the development of virtual duplicates
of IoT devices and networks, permitting ongoing monitoring,
simulation of various attack vectors, and the capacity to
proactively test and implement security measures without
impacting the operational system. This integration will trans-
form IoT security, enhancing its resilience, scalability, and
autonomy.

The main outputs of this research consist of the creation
of an Al-augmented IDS framework specifically designed
for IoT environments, incorporating Blockchain for safe data
storage and validation. A DT platform will be developed
to replicate IoT network environments, offering a dynamic
testing environment for Al algorithms and security protocols.
The final outcome will be a prototype that demonstrates
the seamless integration of these technologies, accompa-
nied by a comprehensive performance and security audit
report. This research will substantially enhance secure IoT
infrastructures, facilitating the development of more resilient,
autonomous, and secure networks in essential industries such
as healthcare, smart cities, and industrial IoT.

III. PROPOSED SYSTEM DESIGN

The proposed system design, as in Fig. 1, incorporates
IDS, Al Blockchain, and DT technologies to improve IoT
network security and efficiency. IoT devices fundamentally
produce real-time data that is processed by edge computing
nodes to minimize latency. An Al-driven IDS utilizes this
data to continuously monitor network traffic for anomalous
patterns or potential threats. The Al utilizes machine learning
and deep learning algorithms to learn adaptively from his-
torical data, enhancing its detection capabilities over time.
The identification of new and emerging attack patterns by
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Fig. 1.

Al improves the accuracy and speed of threat detection,
reduces false positives, and facilitates more proactive defense
mechanisms.

Blockchain layer guarantees data integrity through a de-
centralized and tamper-resistant ledger designed for the stor-
age of interactions and logs. Smart contracts facilitate the
automation of secure operations, such as device registration
and rule enforcement. Concurrently, lightweight consensus
mechanisms, such as Zero-Knowledge Proofs (ZKP) [6] or
Zero-Knowledge Machine Learning (ZKML) [7], promote
scalability and efficiency within IoT environments.

The DT layer emulates the behavior and states of IoT
devices, facilitating real-time monitoring and predictive sim-
ulations. This allows the AI to evaluate models within a
virtual environment, simulating security breaches or oper-
ational failures prior to their effect on the live system.
The Al can enhance its models through these simulations,
thereby increasing the network’s resilience. A centralized
dashboard facilitates extensive monitoring, whereas encryp-
tion and privacy tools guarantee secure communication. The
system provides an Al-driven Intrusion Detection System, a
Blockchain-supported ledger, and a Digital Twin platform, all
integrated to improve IoT network security and operational
intelligence.

IV. EVALUATION AND DISCUSSION

The prototype will go through a series of rigorous tests to
evaluate its performance, security, and efficiency within an
IoT network. Essential metrics include the accuracy and false
positive rate of the Al-driven IDS system, evaluated by its
proficiency in accurately identifying security threats while
reducing incorrect warnings. Latency will be evaluated to
ascertain the system’s response time, guaranteeing real-time
threat detection and blockchain transactions.

Throughput (the number of transactions processed per
second) and scalability of Blockchain will be assessed, in
conjunction with data integrity and resistance to tampering.
The efficacy of predictive simulations inside the Digital
Twin ecosystem will be assessed, particularly regarding their
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accuracy in forecasting probable device failures or cyber-
attacks. The prototype will undergo testing for resource
efficiency, assuring effective operation within the constrained
processing capacity of IoT devices while upholding stringent
security and performance standards.

V. CONCLUSION

In conclusion, IoT networks with Al-driven IDS systems,
Blockchain, and DT technologies have a cutting-edge, future-
ready security architecture. This novel approach solves real-
time threat detection, data integrity, and operational effi-
ciency issues, making it suitable for smart cities, healthcare,
industrial IoT, and smart manufacturing. This comprehen-
sive solution makes IoT networks scalable, resilient, and
autonomous, enabling secure data transmission and real-
time decision-making in mission-critical applications. The
project will accelerate industry 4.0 and create smarter, more
secure digital infrastructures across industries by merging
these sophisticated technologies.
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