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| ABSTRACT

The Internet of Things (IoT) has emerged as an important technological paradigm that connects physical devices, sensors,
machines, and software platforms through communication networks. 10T systems are increasingly used in smart homes,
healthcare, industrial automation, agriculture, transportation, energy management, and smart cities. However, the rapid
expansion of connected devices has created significant cybersecurity challenges. Conventional centralized security
architectures may suffer from single points of failure, scalability limitations, privacy concerns, and difficulties in managing
large numbers of heterogeneous devices. Blockchain technology provides a decentralized approach that can strengthen trust,
data integrity, authentication, and transaction transparency in loT environments. This paper presents a comprehensive review
of blockchain-based cybersecurity for 10T networks. It examines the fundamental characteristics of blockchain, major 10T
security threats, blockchain-based authentication mechanisms, decentralized data management, smart contracts, privacy
preservation, and integration with artificial intelligence. The paper further discusses challenges related to computational
resources, scalability, latency, energy consumption, interoperability, and blockchain storage requirements. A conceptual
blockchain-10T security framework is proposed in which 10T devices communicate with trusted edge or gateway nodes while
blockchain mechanisms provide decentralized verification and tamper-resistant records. The study also discusses applications
in healthcare, smart cities, agriculture, industrial 10T, and intelligent transportation. Finally, future research directions including
lightweight blockchain, Al-assisted threat detection, privacy-preserving technologies, and quantum-resistant security are
discussed.

| KEYWORDS
Internet of Things, Blockchain, Cybersecurity, Authentication, Smart Contracts, Data Privacy, Distributed Ledger, loT Security

|ARTICLE INFORMATION
RECEIVED: 20 May 2026 ACCEPTED: 22 June 2026 PUBLISHED: July 2026

Introduction:-

The rapid development of digital technologies has resulted in the widespread adoption of Internet of Things systems. 10T
enables physical objects to collect, exchange, and process information through interconnected communication networks.
Sensors, cameras, wearable devices, industrial machines, vehicles, home appliances, and environmental monitoring systems
can all participate in 10T ecosystems.loT has transformed many traditional computing environments into connected and
intelligent systems. Smart homes can automatically control lighting and temperature, healthcare systems can monitor patients
remotely, factories can monitor industrial equipment, and agricultural systems can collect information about soil and
environmental conditions.

Despite these benefits, the increasing number of connected devices has expanded the cybersecurity attack surface. Many loT
devices operate with limited processing power, memory, and energy. Some devices may also use outdated software or weak
authentication mechanisms. As a result, protecting loT environments requires security architectures that can operate efficiently
across large and heterogeneous networks.Traditional centralized approaches commonly depend on a central server or trusted
authority. While centralized systems can simplify administration, they can also introduce a single point of failure. If a central
server is compromised, attackers may potentially affect large portions of the network.Blockchain provides a decentralized
alternative. Blockchain is a distributed ledger technology in which transactions or records are maintained across multiple
Copyright: © 2026 the Author(s). This article is an open access article distributed under the terms and conditions of the Creative Commons
Attribution (CC-BY) 4.0 license (https://creativecommons.org/licenses/by/4.0/). Published by Jana Publication and Research LLP.
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participating nodes. Cryptographic mechanisms and consensus procedures can help protect the integrity of recorded
information.Recent research has examined the integration of blockchain and artificial intelligence to improve 10T security,
particularly for anomaly detection, decentralized trust, data integrity, and adaptive security policies.

This paper examines the role of blockchain in improving 10T cybersecurity and presents a conceptual framework for secure and
decentralized 10T environments.

Internet of Things Security:-

loT Architecture:-

An 10T ecosystem can generally be divided into several layers.The perception layer contains sensors and physical devices that
collect information from the surrounding environment.The network layer transfers information between 10T devices, gateways,
edge nodes, and cloud platforms.The processing layer performs data storage, analysis, and decision-making.The application
layer provides services to users and organizations.Security must be considered across all these layers because a vulnerability in
one component can potentially affect the complete system.

loT Security Requirements:-

An effective 10T security architecture should address several fundamental requirements:-
¢ Confidentiality

Integrity

Availability

Authentication

Authorization

Privacy

Accountability

e Non-repudiation

Confidentiality prevents unauthorized users from accessing sensitive information. Integrity ensures that data have not been
improperly modified. Availability ensures that services remain accessible when required.Authentication determines whether a
device or user is legitimate, while authorization determines what actions an authenticated entity is permitted to perform.

Major Security Threats in 10T:-

Unauthorized Access:-

Weak passwords, inadequate authentication, and poorly configured devices can allow unauthorized entities to gain access to
10T networks.Strong identity management is therefore essential. Devices should have unique identities, and communication
should be protected through appropriate authentication mechanisms.

Data Manipulation:-

0T systems frequently generate information used for automated decisions. If attackers manipulate sensor information, the
resulting decisions may become inaccurate.For example, a smart agricultural system that receives manipulated environmental
information may make inappropriate irrigation decisions.Blockchain can contribute to data integrity by maintaining tamper-
resistant records.

Denial-of-Service Attacks:-

loT devices can be targeted by attacks that attempt to make services unavailable. Because many loT devices have limited
resources, they may be particularly sensitive to excessive network traffic.Distributed monitoring and anomaly detection can
help identify unusual communication patterns.

Privacy Attacks:-

loT systems may collect information about individuals, homes, workplaces, vehicles, and health-related activities. Improper
handling of this information can create privacy risks.Privacy-preserving data management is therefore a major requirement for
loT security.

Device Compromise:-

An attacker who gains control of an 10T device may use it to attack other systems or manipulate collected information. Large
loT deployments make device-level security especially important.
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Blockchain Technology:-

Blockchain is a distributed ledger technology that records information across participating nodes rather than relying entirely on
a single centralized database. A blockchain generally contains a sequence of blocks. Each block may contain transactions or
other records, together with information connecting it to previous blocks.Cryptographic hashing helps detect unauthorized
modification. If information recorded in a previous block is changed, subsequent relationships can become inconsistent.

Decentralization:-

Decentralization eliminates the requirement for a single central authority to maintain the complete trust relationship.In 10T
environments, decentralized architectures can allow multiple participating devices or gateways to verify transactions and
security events.

Data Integrity:-
Blockchain can provide tamper-evident records. Security-related information, device events, access records, or transaction
metadata can be recorded in a distributed ledger.

Transparency:-
Blockchain records can provide an auditable history of authorized activities. This feature can be valuable in industrial,
healthcare, and supply-chain applications.

Smart Contracts:-

Smart contracts are programmable rules that can automatically execute predefined actions when specified conditions are
satisfied.In an 1oT environment, smart contracts could be used to manage device permissions, automate transactions, or
coordinate access between participating entities.

Blockchain-Based 10T Security Framework:-
A conceptual blockchain-based 10T security architecture can consist of five major components.

10T Device Layer:-
The first layer consists of sensors, smart devices, wearable devices, industrial equipment, and other connected objects.
Each device should have a unique identity and appropriate security credentials.

Gateway Layer:-
IoT gateways can act as intermediaries between resource-constrained devices and blockchain infrastructure.Gateways may
perform data aggregation, preliminary validation, protocol conversion, and security monitoring.

Blockchain Network:-

The blockchain network maintains distributed records related to device identities, authentication events, permissions, and
selected security information.Because storing every raw IoT measurement directly on a blockchain can be inefficient, the
architecture can store selected metadata or hashes while maintaining large datasets in appropriate off-chain storage.

Smart Contract Layer:-
Smart contracts can implement security policies.For example, a smart contract may verify whether a particular device is
authorized to access a service before permitting the requested operation.

Cloud and Application Layer:-
Cloud platforms can provide large-scale data analysis, long-term storage, machine learning, and application services.

This produces a hybrid architecture:-
IoT Devices — Gateways — Blockchain Network — Cloud/Application Services
Such an architecture allows blockchain to provide decentralized trust while cloud infrastructure provides scalable computation.

Blockchain for 10T Authentication:-

Authentication is one of the most important security requirements in 10T environments.Traditional 10T authentication may
depend on centralized identity servers. Blockchain can provide a distributed identity-management mechanism in which device
identity information is recorded and verified across participating nodes.

A simplified authentication process can be described as follows:-
1. AnloT device requests network access.
2. The gateway verifies the device identity.
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3. Relevant identity information is checked against the distributed ledger.
4. A smart contract evaluates the access policy.

5. If the device satisfies the policy, access is authorized.

6. The authentication event can be recorded for auditing.

This approach can reduce dependence on a single authentication server.

Blockchain and Data Privacy:-

Although blockchain can improve data integrity, storing sensitive information directly on a permanent distributed ledger can
create privacy concerns.A practical architecture should therefore distinguish between data that must be recorded on-chain and
information that can remain off-chain.

For example, the blockchain may store:-

e Data hashes

e Device identifiers

e  Access records

e Transaction metadata

e  Security events

The actual sensitive dataset can remain in protected storage.This approach allows blockchain to provide integrity verification
without requiring sensitive information to be permanently exposed across the distributed network.

Integration of Artificial Intelligence:-
Acrtificial intelligence can complement blockchain-based 10T security. Al models can analyze device behavior, network traffic,
and security events to identify suspicious patterns.

For example, machine learning can be used for:-
Intrusion detection

Anomaly detection

Malware classification

Device behavior analysis

Fraud detection

Predictive security

Recent studies emphasize that Al, blockchain, and 10T can be combined to improve automated threat detection and adaptive
security mechanisms.A combined architecture can therefore use Al for intelligent analysis and blockchain for decentralized
trust and record integrity.

Applications:-

Smart Healthcare:-

IoT healthcare systems can include wearable devices, remote monitoring systems, and connected medical
equipment.Blockchain can help maintain trustworthy records of device activity and data access. Al can analyze health-related
sensor information and identify unusual patterns.Privacy remains a critical consideration because healthcare information can be
highly sensitive.

Smart Cities:-

Smart cities use 10T devices for traffic monitoring, energy management, environmental monitoring, and public infrastructure.
Blockchain can support decentralized trust among different organizations and devices. Al can analyze collected information for
traffic prediction, anomaly detection, and resource optimization.Recent research on smart-city cybersecurity identifies 10T
vulnerabilities, Al-driven threat detection, blockchain-based authentication, and data protection as important research areas.

Industrial 10T:-

Industrial 10T environments connect machines, sensors, production systems, and enterprise applications.Blockchain can
provide trustworthy records of machine events, maintenance activities, and transactions. Al can support predictive maintenance
and anomaly detection.The integration of blockchain and Al in Industrial 10T is an active research area, with current studies
highlighting security, scalability, confidentiality, and real-time deployment as important challenges.
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Smart Agriculture:-

Agricultural 10T systems can collect soil moisture, temperature, humidity, crop, and weather information.Blockchain can help
protect the integrity of agricultural records, while Al can analyze environmental information and support agricultural decision-
making.

Intelligent Transportation:-

Connected vehicles and transportation infrastructure generate large amounts of information.Blockchain can provide
decentralized trust between participating vehicles and infrastructure, while Al can support traffic prediction, anomaly detection,
and intelligent transportation management.

Advantages of Blockchain-Based 10T Security:-
Blockchain-based 10T security offers several potential advantages.

Decentralized Trust:-
Blockchain can reduce dependence on a single central authority.

Improved Data Integrity:-
Cryptographic mechanisms and distributed records can make unauthorized modification easier to detect.

Auditable Transactions:-
Blockchain can maintain a record of authorized activities, supporting security auditing.

Automated Security Policies:-
Smart contracts can automate predefined authorization and access-control rules.

Improved Inter-Organizational Trust:-
Blockchain can support environments in which multiple organizations need to exchange information without relying entirely
on one central administrator.

Challenges:-
Despite its potential, blockchain is not a universal solution to 10T security.

Scalability:-
10T networks can contain enormous numbers of devices and generate continuous data streams. A blockchain network may
struggle if every device attempts to record large quantities of information.

Computational Requirements:-
Many 10T devices have limited processing capabilities. Blockchain operations may therefore need to be performed through
gateways or more capable edge systems.

Energy Consumption:-
Some blockchain consensus mechanisms can consume substantial computational resources. Lightweight consensus
mechanisms are therefore more appropriate for many IoT environments.

Storage Requirements:-
A continuously growing distributed ledger can create storage challenges.One possible approach is to store only essential
information on-chain while keeping large datasets in external storage.

Latency:-
Blockchain consensus can introduce delays. Applications requiring immediate decisions may need hybrid architectures that
combine local processing with blockchain verification.

Interoperability:-
loT environments commonly contain devices from different manufacturers using different communication protocols.
Interoperability remains an important challenge for large-scale blockchain-10T deployment.

Future Research Directions:-
Lightweight Blockchain:-
Future research should develop blockchain architectures designed specifically for resource-constrained 10T devices.
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Such systems should minimize computation, communication, storage, and energy requirements.

Al-Assisted Blockchain Security:-
Al can be used to monitor blockchain networks and detect unusual transactions or malicious behavior.Combining intelligent
analysis with distributed trust could improve automated cybersecurity.

Federated Learning:-

Federated learning can allow 10T devices to contribute to machine learning models without directly sharing raw local datasets.
Combining federated learning with blockchain may provide mechanisms for tracking model updates and improving trust
among participants.

Quantum-Resistant Security:-

Future computing developments may challenge some existing cryptographic assumptions. Research is therefore increasingly
considering quantum-resistant cryptographic techniques for long-term security.Recent systematic research examining Al, loT,
blockchain, and quantum cryptography highlights quantum-resistant security as an important future research direction.

Standardization:-
Standard security protocols and interoperability frameworks are needed to support deployment across heterogeneous loT
environments.

Energy-Efficient Consensus:-
Future blockchain-1oT systems should prioritize consensus mechanisms that require limited computational and energy
resources.

Discussion:-

The integration of blockchain with loT can address several limitations of centralized security architectures. Blockchain
provides decentralized record management and can strengthen trust between participating entities. However, blockchain should
be considered as one component of a broader cybersecurity architecture rather than a replacement for all existing security
mechanisms.Al can provide intelligent analysis, while blockchain can provide trustworthy records and decentralized
verification. Edge computing can provide low-latency processing, while cloud infrastructure can provide large-scale storage
and computation.

Consequently, the most effective architecture may combine several technologies:-

loT + Edge Computing + Al + Blockchain + Cloud Computing

Such an integrated architecture can distribute responsibilities according to system requirements.

For example, an 10T sensor can collect data, an edge gateway can perform immediate anomaly detection, blockchain can record
important security events, and the cloud can perform long-term analysis.This layered approach can provide a balance between
performance, security, scalability, and privacy.

Conclusion:-

The Internet of Things is transforming modern computing by connecting physical devices, sensors, machines, and applications.
However, the rapid expansion of 10T has also created significant cybersecurity challenges, including unauthorized access, data
manipulation, privacy violations, device compromise, and denial-of-service attacks.Blockchain offers several mechanisms that
can strengthen 10T security through decentralized trust, tamper-evident records, authentication, access management, and smart
contracts. When combined with artificial intelligence, blockchain can further support intelligent threat detection and automated
security management.

Nevertheless, significant challenges remain. Scalability, energy consumption, computational limitations, storage requirements,
latency, interoperability, and privacy must be carefully considered before large-scale deployment.Future research should focus
on lightweight blockchain architectures, Al-assisted security, federated learning, privacy-preserving mechanisms, quantum-
resistant cryptography, and standardized interoperability frameworks.The combination of blockchain, Al, edge computing, and
I0T has considerable potential to create more secure and intelligent digital environments. However, successful implementation
will depend on designing architectures that are not only technically secure but also efficient, scalable, privacy-aware, and
practical for real-world deployment.
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