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Abstract: Smart cities, which use cutting-edge technologies like the Internet of Things (IoT), big
data analytics, and artificial intelligence (AI) to enhance the efficiency, sustainability, and
livability of cities, are quickly developing as a new paradigm for urban development. But as cities
become increasingly networked and data-driven, they also become more susceptible to
cyberattacks, which can jeopardize residents' security, privacy, and safety as well as threaten vital
infrastructure systems like power grids, transportation networks, and emergency services. We
investigate how blockchain technology might be used to oversee cybersecurity in smart cities.
Blockchain technology, a type of distributed ledger, offers a decentralized, impenetrable record
for handling and protecting data. Blockchain technology can aid in ensuring the integrity and
privacy of sensitive information such as personal data, financial transactions, and crucial
infrastructure systems by applying cryptographic algorithms and consensus procedures. Three
categories can be used to categorize blockchain systems:

e General: a public or unrestricted a decentralized open-source technology called blockchain
makes it possible for anybody to use it and engage in mining.

e Private: A private or permissioned blockchain is a decentralized network that permits the
sharing of private data within an organization or among a specific set of people.

e Consortium: A consortium blockchain is a combination of a private and public blockchain
in which a group of organizations manages both the consensus and block validation
processes as well as who has access to the blockchain.
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1. Introduction

Smart cities are urban environments that use advanced technologies to improve the quality of life
for citizens, enhance sustainability, and streamline operations.

The world's population is becoming increasingly urbanized, with more people living in cities than
ever before. As cities grow, the demand for infrastructure such as transportation, water, and waste
management systems also increases. Smart cities play an important role in meeting the needs of
those citizens.

Here are some of the key characteristics that define a smart city:
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» Advanced infrastructure: Smart cities use advanced infrastructure systems such as sensors,
cameras, and communication networks to collect and analyze data about various aspects of
the city, such as traffic patterns, air quality, energy consumption, and water usage. This
data is then used to inform decision-making and optimize the use of resources.
Connected systems: Smart cities use interconnected systems to share data and
communicate with each other. This allows different systems, such as transportation,
energy, and public safety, to work together in a coordinated manner.

» Citizen engagement: Smart cities prioritize citizen engagement and participation, using
technology to enable citizens to provide feedback, report issues, and collaborate with
government agencies and other stakeholders.

» Sustainability: Smart cities focus on sustainability, using technologies such as renewable
energy, green buildings, and smart grid systems to reduce environmental impact and
improve resource efficiency.

» Mobility: Smart cities focus on mobility, using technologies such as connected vehicles,
intelligent transportation systems, and bike-sharing programs to improve transportation
options and reduce congestion.

» Quality of life: Smart cities prioritize the well-being of their citizens, using technologies
such as public health monitoring, community services, and cultural events to enhance the
quality of life.

» Innovation: Smart cities are innovative, using emerging technologies such as artificial
intelligence, blockchain, and augmented reality to improve services and drive economic

growth.
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Figure 1. Blockchain in the Infrastructure of smart cities

Blockchain technology is a promising solution for security in smart cities due to its unique
characteristics that make it suitable for managing sensitive data and ensuring secure transactions.



A blockchain is a database that is distributed across a network of computers, rather than being
stored in a central location. Each computer in the network, or "node," has a copy of the database,
which is constantly updated and synchronized with the other nodes.

This means that there is no single point of failure or control, and the data is more resilient to
hacking, data loss, or other types of attacks.

One of the key features of a blockchain is that it uses cryptographic algorithms to secure the data
and prevent tampering or unauthorized access. Each block in the blockchain contains a unique
digital signature, or hash, that is created by combining the data in the block with a secret key or
"nonce." This hash is then added to the previous block in the chain, creating a chain of blocks that
is difficult to modify or forge.

Machine learning and Al facilitators started to be part of our daily life and has significant effects
towards the rapid developments of the internet of things. One of the leading attempts in this field
is the Al learning facilitator, Prof. DUX [3]. It is a novel Al facilitator that aims at personalising
the education process for learners and provide the fastest and best quality of education in numerous
fields.

2. Previously published work
“Blockchain for the Cybersecurity of Smart City Applications” reviews how different smart city
applications use blockchain technology. The different applications are smart healthcare, smart
transportation, and smart agriculture.

Figure 2. Smart Cities Applications studied

2.1 Using blockchain for smart healthcare has various benefits, such as:

e Decentralization: Since healthcare applications are frequently shared among numerous
stakeholders, a distributed management system is necessary. Blockchain can offer this form
of decentralized administration, allowing all participants and stakeholders to independently
manage who has access to patient data without the need for a central authority.

e Improved data security and privacy: Due to the immutability of blockchain technology, it
helps safeguard patient data from tampering or manipulation. Additionally, the use of
cryptographic keys hides the true identity of patients, enhancing patient privacy.



e Health data ownership: Blockchain can implement user-centric healthcare systems where
the patient can manage access to his health data through smart contracts. The user may
choose which medical professionals to grant access to and the duration of that access thanks
to smart contracts that are clearly stated.

e Auvailability and robustness: The data is duplicated across numerous nodes and stored on
the blockchain in a manner that is distributed. This makes it possible to ensure data
availability and improves system resiliency.

e Transparency and trust: The open and transparent character of the blockchain increases
confidence among its various actors and stakeholders.

e Intelligent Transportation System (ITS) applications in smart cities require connecting
vehicles securely and dependably to protect what or who is transported.

e Due to the constantly developing security concerns, cars may be targeted by a variety of
malicious attacks that endanger the security of users, services, and data.

2.2 Blockchain plays a vital role in ITS applications, with numerous benefits such as:

e Security and Safety: Securing the data, execution, and communications of the applications
as well as the safety of the application users (drivers and passengers) is one of the most
crucial elements in the success of ITS applications. The blockchain can defend the ITS
applications from harmful attacks and ensure participant safety thanks to its decentralized
validation and immutable data.

e Drivers’ and passengers’ privacy: The most crucial factor in handling private data is trust.
To keep sensitive information out of the hands of hackers, an effective trust-based
distributed blockchain method that makes use of cryptography and hashing operations
should be implemented.

e Decentralized mechanism removes the single point of failure (SPoF) problem: The SPoF
issue affects most centralized management and storage systems. Because each node in a
blockchain retains a copy of the ledger and works together to make blockchain-related
decisions, the SPoF problem is resolved.

e Automatization: A self-organized, self-adaptive, and decentralized autonomous ITS
ecosystem can be created by using the blockchain for the lifetime management and
monitoring of ITS equipment.

e Providing strong trust for ITS users: ITS users trust the blockchain data used by the ITS
applications because the blockchain is transparent and all network exchanges are expressly
stated as immutable transactions within the blockchain blocks.

e Scalability: ITS networks have the potential to expand to have many nodes. According to
some research papers, partitioning, sharding, and directed acyclic graphs (DAGs) are
effective methods for scaling the blockchain. The blockchain-based ITS application may
be improved to an extensive degree and meet the needs of the transportation network by
implementing similar solutions.

3. Managing Cyber Security in Smart Cities with Blockchain Technology
To add a new block to the blockchain, a process called "mining" is used. Mining involves solving

a complex mathematical puzzle that requires a significant amount of computational power. The
first node to solve the puzzle earns a reward in the form of cryptocurrency, and the new block is



added to the blockchain. This process helps ensure that the blockchain is secure and decentralized,
as it requires a large network of nodes to verify and validate the transactions.

3.1 Blockchain-Based Framework in Smart Cities
The typical blockchain-based framework in smart cities consists of four layers:

User authentication layer: It is designed to make sure that only authorized users can access the
specified application by ensuring authentication. Authenticated access is provided by
straightforward procedures like biometric verification or retina scanning with an OTP or user
password.

Data management layer: This layer's main function is to coordinate user actions between the
blockchain layer and the application layer. To create the transaction block, it performs all the
processes, including data parsing, data encryption, data packaging, etc. Consensus rules, which are
a set of accepted requirements, control the data changes.

Application layer: The entire architecture is supported by this layer. It organizes the many
operations into categories based on the services it provides and is also in charge of implementing
a technology to connect each layer.

Blockchain-based record cum storage layer: It is a crucial layer in terms of security. It enables
the application service to read and write encrypted data transactions which are secure and
completely compliant with cybersecurity standards.

3.2 Implementation of Blockchain Technologies

The implementation of blockchain technologies in smart city cybersecurity typically involves
several steps. Here are some of the common ones:

Blockchain platform: The first step in implementing blockchain technology for smart city
cybersecurity is to select a blockchain platform that meets the specific requirements of the use
case. There are several blockchain platforms available, including Ethereum, Hyperledger Fabric,
and Corda, each with its strengths and weaknesses.

Smart contracts: They are self-executing contracts that are implemented on a blockchain. They
are digital programs that automatically execute the terms of a contract when certain conditions are
met.

Once a blockchain platform has been selected, smart contracts are typically used to define the rules
and logic for transactions on the blockchain. They are used to automate processes such as identity
verification, data sharing, and secure communication.

Cryptography: Cryptography is a key component of blockchain technology and is used to secure
data on the blockchain. Techniques such as public-key cryptography, hash functions, and digital
signatures are used in the implementation.



Consensus algorithms: Consensus algorithms are used to ensure that transactions on the
blockchain are verified and recorded in a secure and tamper-proof manner. Examples of consensus
algorithms used in blockchain implementations include Proof of Work (PoW), Proof of Authority
(PoA), Delegated Proof of Stake (DPoS), and Byzantine Fault Tolerance (BFT).

In a PoA consensus algorithm, nodes are selected based on their reputation, and transactions are
validated by a group of pre-approved nodes. It provides high throughput and fast transaction times.
Practical Byzantine Fault Tolerance (PBFT) works by having nodes reach a consensus on the state
of the blockchain by exchanging messages and verifying each other's transactions. PBFT provides
high throughput and low latency.

Delegated Proof of Stake (DPoS) algorithm is used in some blockchain-based smart city systems,
where token holders can vote for block producers to validate transactions. The elected block
producers then validate transactions and add them to the blockchain. DPoS provides fast
transaction times and low fees.

Proof of Work (PoW) algorithm is not commonly used in smart city applications due to its high
energy consumption and slow transaction times. However, it can be used in some systems that
require high security and decentralization.

Integration with other cybersecurity technologies: In addition to the materials and methods
specific to blockchain technology, the implementation of blockchain for smart city cybersecurity
often involves integration with other cybersecurity technologies. For example, blockchain can be
integrated with machine learning algorithms to detect and prevent cyber-attacks in real time.

Testing and evaluation: Finally, any implementation of blockchain technology for smart city
cybersecurity should be thoroughly tested and evaluated to ensure that it meets the specific
requirements of the use case and is effective in improving cybersecurity. This may involve
conducting penetration testing, vulnerability assessments, and other forms of testing to identify
and address any weaknesses in the implementation.

3.3 Cyber-attacks in Blockchain Technology

While blockchain technology can enhance the security of smart cities, it is not immune to cyber-
attacks.

51% Attack: In a blockchain network, the consensus algorithm requires a majority of the nodes to
agree on the validity of transactions. If a single entity gains control of more than 50% of the
computing power on the network, it can effectively control the blockchain, allowing them to
manipulate the transactions. This can result in double-spending attacks, where an attacker can
spend the same cryptocurrency twice, or the deletion of transactions from the blockchain.

Sybil Attack: In a Sybil attack, an attacker creates multiple fake identities or nodes on the
blockchain network, allowing them to control the network. This can enable an attacker to gain
access to sensitive data, control smart city systems, or execute fraudulent transactions.



Eclipse Attack: In an eclipse attack, an attacker isolates a node on the blockchain network,
preventing it from communicating with other nodes, and allowing the attacker to control the node.
This can enable an attacker to manipulate the transactions or control the smart city systems
connected to the isolated node.

Smart Contract Vulnerabilities: Smart contracts are self-executing contracts that run on the
blockchain network. However, they can have vulnerabilities that can be exploited by attackers to
execute malicious code or steal funds. For example, a smart contract might contain a buffer
overflow vulnerability that an attacker can exploit to execute arbitrary code.

Distributed Denial of Service (DDoS) Attack: In a DDoS attack, an attacker overwhelms the
blockchain network with a large number of requests, causing the network to slow down or crash.
This can result in a disruption of smart city services, which can be particularly damaging in critical
infrastructure systems.

Malware Attacks: Malware can be used to gain unauthorized access to the devices and systems
connected to the blockchain network, allowing attackers to steal sensitive information or take
control of the systems. For example, an attacker might use malware to gain access to a smart city
traffic control system and manipulate traffic signals, causing traffic jams or accidents.

To address these risks, smart cities can implement various security measures, such as [15] - [30]:

Implementing strong access controls to restrict access to sensitive data and systems

Regularly conducting security audits to identify vulnerabilities and patch them

Using advanced encryption techniques to protect data on the blockchain network

Implementing multi-factor authentication to ensure that only authorized users can access

the network

e Ensuring that smart contracts are carefully audited and tested before they are deployed on
the network

e Having a comprehensive incident response plan in place to detect and respond to any

security breaches or cyber-attacks.

4. Results and discussion

Blockchain technology can be exploited to help with smart city security in several ways [31]-
[42].

Secure data sharing: Smart cities generate vast amounts of data from various sources such as
sensors, cameras, and other devices. This data contains sensitive information about
citizens, businesses, and critical infrastructure systems.

By using blockchain technology, smart cities can securely share this data among different
stakeholders, such as government agencies, private companies, and citizens, while ensuring that
the data is not tampered with or misused. It also provides a transparent record of who has accessed
the data, which can help prevent data breaches and other security incidents.



Access control and identity management: Blockchain technology can be used to authenticate
users and devices, and control their access to different systems and services in smart cities.

A practical example is using blockchain-based smart contracts to enforce access control policies
for critical infrastructure systems such as power grids, transportation networks, and emergency
services.

By using blockchain technology to manage access control and identity management, smart cities
can prevent unauthorized access and minimize the risk of cyber-attacks.

Threat detection and response: the technology is used to detect and respond to cyber threats in
real-time, by providing a decentralized platform for sharing threat intelligence and coordinating
responses among different stakeholders.

Blockchain-based vulnerability management systems enable smart cities to track and monitor the
status of their systems, identify potential weaknesses, and prioritize remediation efforts.

By using blockchain technology for vulnerability management, smart cities can reduce the risk of
cyber-attacks and improve the overall security of their systems.

In the early stages of research on blockchain technology in smart city cybersecurity, the focus was
primarily on using blockchain to secure data sharing among different stakeholders in a smart city
ecosystem. Secure sharing of data from IoT devices, traffic sensors, and other smart city
infrastructure.

As the use of blockchain in smart city cybersecurity matured, researchers began exploring the
potential for blockchain-based identity management solutions. They use blockchain's ability to
securely store and manage identity data and can be used to authenticate users and devices in a
smart city ecosystem.

More recently, there has been an increased focus on using blockchain to secure communication
channels in smart city ecosystems. As blockchain technology matures, it is increasingly being
integrated with other cybersecurity technologies to create more security solutions for smart cities.
Additionally, blockchain is used in conjunction with machine learning and artificial intelligence
to detect and prevent cyber-attacks in real-time.

5. Conclusion

Blockchain technology enables safe online transactions and verifications, and it can be used to
support smart cities. Using blockchain technology has advantages in terms of increased
connectivity and transparency, quick communication, integrity, and efficiency.

It makes use of a transversal system that allows for real-time data sharing. With blockchain
technology, there are no middlemen, allowing for more effective and rapid digital communication
between government agencies and the general population.

Additionally, the network of smart cities is being redesigned to build sustainable ecosystems
through the integration of blockchain and Al technology. As we endeavor to create smart cities,



technological advancements have presented both opportunities and difficulties for us. [1] Salama,
R., Al-Turjman, F., Bhatia, S., & Yadav, S. P. (2023, April). Social engineering attack types and
prevention techniques-A survey. In 2023 International Conference on Computational Intelligence,
Communication Technology and Networking (CICTN) (pp. 817-820). IEEE.
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