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Abstract—Digital twins have become essential tools for en-
hancing efficiency and security in various industries. However,
their widespread adoption poses significant security challenges,
with potential vulnerabilities that could be exploited by attackers.
Here we examine some of the security threats faced by digital
twins, including bandwidth sniffing, data delay attacks, data
injection, and model poisoning. We then propose two blockchain
based frameworks to address these security concerns. The first
framework leverages blockchain for secure data transmission,
while the second utilizes Hyperledger Fabric for enhanced pri-
vacy and data integrity. These frameworks offer robust solutions
to safeguard digital twins ecosystem, ensuring the reliability and
integrity of critical information in the face of evolving cyber
threats.

Index Terms—Digital Twins, privacy, Man-in-the-Middle at-
tacks, blockchain CPS, Hyperledger Fabric, IPFS

I. INTRODUCTION

Digital twins (DTs) have emerged as valuable tools for fa-
cilitating the development of efficient services, monitoring in-
dustrial processes, and ensuring proactive maintenance. These
systems are built upon distributed network architectures, where
individual electronic systems comprise a multitude of Internet
of Things (IoT) devices [1]. A digital twin represents virtual
replica of a physical asset, facilitating analysis, prediction, and
optimization of operations by leveraging real time and histori-
cal data [2]. Within the realm of information security, DT plays
a crucial role in fortifying the security of Cyber-Physical-
Systems (CPS) through diverse security improving uses, in-
cluding system testing, system training, and misconfiguration
detection [3]. This is achieved by ensuring synchronous opera-
tion between digital twins and their physical counterparts, with
the objective of identifying any discrepancies in data between
the physical and virtual entities [4]. In other to understand
the behavior of the physical environment, DT needs to get
data from different sources, such as data from various stages
of the CPS life cycle, domain expertise, and sensory inputs
from the physical environment. It also uses several applications
that support security during the system development and CPS.
Despite having multiple use cases that support security during
the system development and CPS operation stages [5], there
are chances for attackers to leverage DTs as attack vectors
against CPS due to the rise in hidden attacks. Due to their
nature as digital replicas, DT shares functional needs and
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operational behavior with their physical counterparts. As a
result, DTs could unintentionally act as channels for data
breaches, increasing the risk of abuse. DTs offer significant
advantages over traditional trial-and-error methods by enabling
timely resolution of operational challenges in complex en-
vironments [1]. However, the efficiency of DTs relies on
robust security measures to safeguard the associated data
from potential vulnerabilities. Inadequate security protocols
for DTs and their associated datasets may expose sensitive
business information to risks such as loss or unauthorized use.
Unprotected DTs are particularly susceptible to breaches that
could compromise operational, security, and design data thus
posing significant threats across various sectors. Consequently,
there is a pressing need to enhance the security infrastructure
surrounding DTs to mitigate potential risks and ensure the
integrity of critical information. Blockchain technology has
emerged as a promising option, with intrinsic features such
as decentralization, immutability, and transparency that can
improve the security of digital twin. The data collected using
DT is analyzed by AI algorithms to find trends and make
predictions. Blockchain technology offers a transparent and
secure means of storing and sharing large volumes of data that
are generated between parties for instant exchange and vali-
dation. Blockchain’s decentralized systems provides high level
security and resilience while operating independently, making
it difficult to hack and attack the systems. Organizations can
reduce the risks of data alteration, unauthorized access, and
breach of privacy by integrating blockchain into their digital
twin ecosystems [?].

II. ATTACKS ON DIGITAL TWINS

Unprotected DTs may in some circumstances be susceptible
to exposing sensitive operational, design, and security data
to hostile parties, which could have a catastrophic effect on
any sector. Such attacks include bandwidth sniffing and data
delay attacks which are examples of man in the middle attacks
(MiTM), as well as data injection and model corruption attacks
which are examples of data poisoning attacks. Bandwidth
sniffing allows attackers to monitor network traffic, identify
vulnerabilities, and exploit weaknesses within the CPS and
its digital twin counterpart. Data delay attacks disrupt real-
time synchronization by introducing communication delays



between the digital and physical entities. Data injection attacks
use vulnerabilities to gain control over the CPS, potentially
causing equipment damage or failure. The attacker can also
mislead the DT by sending packets designed to mimic the
current state of the CPS, leading to inaccuracies in operations
and potentially compromising the reliability of the entire DT
ecosystem. On the other hand, model corruption involves
corrupting DT models by injecting malicious code, disrupting
synchronization between the two. These attacks can lead to
inconsistencies in output and degrade the fidelity of the DT in
replicating the physical twin.

III. PROPOSED SOLUTIONS

To mitigate these security concerns, two blockchain based
frameworks are proposed. In the first solution, both the DT
and the CPS send and receive data through the blockchain.
The physical twin generates a blockchain fingerprint for the
intended data file before sending it to the DT. Subsequently,
upon receiving the data, the DT attempts to send back the
data, but blockchain authenticates the data and finds out the
blockchain fingerprint is not present and sends it back to the
DT. This process is further enhanced by time stamping each
block within the blockchain, facilitating authentication of data
origin, destination, participants involved, timing as well as the
nature and method of data exchange. These measures establish
a high degree of trust and security in data transmission, render-
ing the process tamper-proof [?]. Blockchain offers security,
transparency, and decentralization,which differentiates it from
classic authentication techniques like digital signatures.

In the second solution, Hyper-ledger Fabric (HF) is uti-
lized as a private permissioned blockchain, offering robust
privacy features where access and validation are restricted to
authorized users. Fig 2 illustrates how stakeholders of the DT
interact with HF through Application Programming Interfaces
(APIs), which serves as front-end decentralized applications.
Depending on the state of the DT, stakeholders can execute
specific functional calls via these APIs. Additionally, stake-
holders have the capability to monitor the DT’s state, access
logs, and the stored in IPFS servers. IPFS serves an important
role in ensuring the reliability, integrity, and accessibility of
stored data within the ecosystem. Each file uploaded to IPFS
servers is uniquely hashed, providing a secure reference point
for data integrity. All data pertaining to the creation of the DT
and its subsequent processes are associated with a unique hash
within IPFS. In the event of an attack aimed at stealing and
corrupting data, any tampered data would fail to match the
hash stored in IPFS, thereby alerting stakeholders of potential
breaches and maintaining the integrity of the DT ecosystem.

IV. CONCLUSION

In conclusion, this research aims to improve understanding
of blockchain solutions for DT security, offering practical
insights int mitigating Cyber security threats within DT envi-
ronment. By leveraging blockchain technology, organizations
can maintain the dependability and integrity of simulated asset
data and strengthen the robustness of their DT deployments.
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Fig. 2. Solution using Hyperledger Fabric and IPFS

This project aims to pave the path for more robust and secure
implementation of DT technologies across diverse industries
by fostering trust and security in DT ecosystems.
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1. Motivation

One major challenge in deploying digital
twins is ensuring the integrity of data
transmitted between the physical and
digital components of the twin. Cyber-
attacks, system faults, or unauthorized
access can all cause difficulties data
integrity. Due to its decentralized and
immutable nature, blockchain technology
has emerged as a promising solution for
improving security in a wide range of
domains.

2. Digital Twin

Digital Twins are virtual replicas of their
physical counterparts that share essential
system knowledge. They enable real-time
monitoring, analysis, and optimization of
assets, leading to improved efficiency and
decision making.
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3. Blockchain Technology

How a Blockchain works
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5. Blockchain Solutions for
Digital Twins Data

a. Blockchain for data authentication
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4. Cyber Attacks on Digital Twins
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b. Using Hyperledger Fabric and IPFS
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6. Conclusion

Blockchain  technology  presents a
transformative  approach to security
against diverse data attacks targeting
digital twins. Hyperledger fabric, a
permissioned private blockchain, supports

Stakeholder have complex privacy by allowing only specific
access to the DT
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