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1. INTRODUCTION  
The Internet of Things (IoT) represents a paradigm shift in technology, interconnecting a myriad of 

devices, sensors, and systems, thereby enabling unprecedented levels of automation and data exchange. 
However, this connectivity comes with substantial cybersecurity risks, making secure authentication and 
authorization mechanisms crucial. Traditional centralized security models often fail to meet the unique 
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demands of IoT environments due to scalability issues, single points of failure, and vulnerability to various 
cyber threats [1]. 

Blockchain technology, with its decentralized nature, immutability, and cryptographic security, offers a 
promising alternative to conventional security approaches. By leveraging blockchain, IoT applications can 
achieve enhanced security, transparency, and resilience against attacks[2]. Blockchain's decentralized ledger 
eliminates the need for a central authority, distributing trust across the network and ensuring that data cannot 
be altered once recorded [3], [4]. 

Smart contracts, a key feature of blockchain, further bolster security by automating and enforcing rules 
and policies without human intervention. These self-executing contracts can manage access control in IoT 
systems, ensuring that only authorized devices and users can interact with the network [5]. This approach 
mitigates many of the risks associated with traditional systems, such as insider threats and unauthorized access 
[6], [7]. 

Despite the potential benefits, the integration of blockchain with IoT is not without challenges. Issues 
such as scalability, latency, and the computational demands of blockchain protocols must be addressed to 
ensure seamless operation in IoT environments [8]. Additionally, the specific needs of IoT applications, 
including low power consumption and limited processing capabilities, require tailored blockchain solutions 
[9], [10]. 

This paper aims to explore a blockchain-based decentralized framework for authentication and 
authorization in IoT applications. We will discuss the architecture of the proposed system, its implementation, 
and the security benefits it offers. Our analysis includes a comprehensive review of existing blockchain and 
IoT security literature, identifying current challenges and potential solutions [11], [12]. By presenting 
experimental results and performance evaluations, we demonstrate the feasibility and advantages of using 
blockchain to secure IoT networks [13], [14]. 

Although several blockchain-based authentication and authorization schemes for IoT have been reported 
in the literature, most existing approaches either rely on partially centralized gateways, do not tightly integrate 
access control with blockchain logic, or fail to address scalability and device-level autonomy simultaneously. 
Many prior solutions use blockchain mainly as a secure logging mechanism rather than as an active 
enforcement layer for security decisions. 

The novelty of the proposed framework lies in its fully decentralized enforcement of both authentication 
and authorization through smart contracts, where security decisions are executed directly on the blockchain 
without dependence on centralized identity servers or external authorization services. Unlike traditional 
blockchain-based IoT security models that merely store credentials or access records, the proposed approach 
embeds dynamic access control logic inside smart contracts, enabling real-time validation, revocation, and 
permission updates for IoT devices. 

Furthermore, the proposed architecture is designed specifically for resource-constrained IoT 
environments, allowing devices to authenticate and obtain permissions through lightweight blockchain 
interactions rather than heavyweight cryptographic exchanges or centralized brokers. This combination of on-
chain access control, decentralized trust management, and IoT-aware design distinguishes the proposed 
framework from existing blockchain-based IoT security solutions. 
The main contributions of this study are summarized as follows: 
- A fully decentralized blockchain-based authentication and authorization framework for IoT systems that 

eliminates reliance on centralized identity providers and access control servers. 
- A smart contract–driven access control model that enforces authentication, authorization, and permission 

management directly on the blockchain, ensuring tamper-proof and transparent security decisions. 
- An integrated system architecture that connects IoT devices with blockchain nodes in a secure and scalable 

manner, supporting secure device-to-device and device-to-service communication. 
- A comprehensive experimental evaluation that analyzes security, scalability, latency, and energy efficiency 

of the proposed framework in a realistic IoT environment. 
- A comparative assessment showing the advantages of the proposed decentralized approach over traditional 

centralized IoT security solutions in terms of security, trust, and fault tolerance. 
The following sections provide an in-depth examination of blockchain technology's role in enhancing IoT 

security, addressing key cybersecurity concerns, and outlining future research directions to further refine and 
optimize this integration [15], [16]. 
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2. LITERATURE REVIEW  
The increasing interconnectivity of IoT devices poses significant cybersecurity challenges, necessitating robust 
authentication and authorization mechanisms. Blockchain technology has emerged as a potential solution to 
enhance the security of IoT systems, given its decentralized nature, immutability, and cryptographic principles. 
This section reviews existing literature on the application of blockchain in enhancing cybersecurity, focusing 
on IoT environments. 
Recent research has increasingly focused on blockchain-based authentication and authorization mechanisms 
specifically designed for IoT environments. These studies highlight how decentralized identity management 
and smart-contract-based access control can overcome the limitations of traditional centralized IoT security 
models. Existing work emphasizes the importance of scalable, low-latency, and energy-efficient authentication 
frameworks tailored to resource-constrained IoT devices, thereby reinforcing the relevance of blockchain-
driven access control in IoT-centric security architectures. 
Blockchain's decentralized trust model is crucial in IoT environments, where central authorities often become 
points of failure. Discuss how blockchain technologies provide security against cyberattacks, highlighting the 
elimination of centralized vulnerabilities [17]. Similarly, elaborates on blockchain's applications, emphasizing 
its role in enhancing data integrity and transparency in IoT networks [5]. 
Smart contracts, a fundamental feature of blockchain, automate and enforce access control policies without 
human intervention. These contracts ensure that only authorized entities interact with IoT devices, thereby 
reducing the risk of unauthorized access. Explore the implications of blockchain and smart contracts for 
cybersecurity, particularly in automating security protocols and reducing human error [16][2]. 
Despite its benefits, blockchain technology faces challenges related to scalability and performance, which are 
critical in IoT applications. Survey blockchain cybersecurity vulnerabilities and possible countermeasures, 
highlighting the need for scalable solutions to handle the high volume of transactions in IoT networks [8]. 
Provide a systematic literature review on blockchain for cybersecurity in the food supply chain, pointing out 
the importance of efficient consensus mechanisms to maintain performance [18]. 
Integrating blockchain with IoT requires addressing specific needs such as low power consumption and limited 
processing capabilities of IoT devices. Examine the integration of blockchain and AI for next-generation 
energy grids, discussing cybersecurity challenges and opportunities [10]. Similarly, discuss blockchain 
opportunities and issues in the built environment, focusing on trust, transparency, and cybersecurity [9]. 
Practical applications and case studies demonstrate blockchain's effectiveness in enhancing IoT security. 
Present a case study on the impacts and potential of blockchain technology in enhancing the security and 
reliability of information systems [7]. Investigate blockchain's impact on European banks' cybersecurity and 
data integrity, illustrating the technology's practical benefits in financial sectors [4]. 
Future research should focus on developing tailored blockchain solutions that meet the unique demands of IoT 
applications. Conduct a scoping review on the cybersecurity challenges in blockchain technology, suggesting 
avenues for future research [11]. Provide comprehensive reviews of blockchain's role in contemporary business 
cybersecurity, emphasizing the need for innovative solutions to emerging threats [12][19]. 
The literature indicates that blockchain technology offers significant potential to enhance IoT cybersecurity 
through its decentralized trust model, smart contracts, and immutable ledger. However, challenges such as 
scalability, performance, and the specific needs of IoT devices must be addressed to fully realize these benefits. 
Ongoing research and practical implementations continue to explore and refine these integrations, paving the 
way for more secure and efficient IoT environments. 

3. METHOD 
This section outlines the methodology employed to develop a blockchain-based decentralized authentication 
and authorization framework for IoT applications. The proposed method involves several key stages, 
including system architecture design, smart contract development, implementation of the blockchain 
network, and performance evaluation. 

3.1. System Architecture Design 
The system architecture for the blockchain-based IoT security framework is designed to address the specific 
needs of IoT environments. The architecture comprises three primary components: 
- IoT Devices: These devices are the endpoints in the network that require secure authentication and 

authorization to communicate with each other and with centralized services. 
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- Blockchain Network: A decentralized ledger that records all transactions and interactions between IoT 
devices. This network uses a consensus mechanism to validate transactions and maintain the integrity of 
the blockchain. 

- Smart Contracts: Automated scripts deployed on the blockchain to enforce authentication and 
authorization policies. These contracts manage access control, ensuring that only authorized devices can 
perform certain actions. 

To clearly illustrate the operational workflow of the proposed blockchain-based authentication and 
authorization framework, a flowchart representation is presented. This flowchart demonstrates how IoT devices 
interact with the blockchain network and smart contracts during the authentication and authorization processes, 
highlighting the decentralized decision-making mechanism and automated access control enforcement. 
 

 
Fig. 1. Flowchart of the Proposed Blockchain-Based Authentication and Authorization Framework 

 
The architectural components of the proposed framework are organized into multiple layers to support 
decentralized authentication and authorization. Figure 2 illustrates the interaction between IoT devices, the 
blockchain network, and smart contracts, emphasizing the elimination of centralized authorities and the 
distribution of trust across the system. 

 
Fig. 2. Architecture of the Blockchain-Based IoT Security Framework 
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3.2. Smart Contract Design and Operational Logic 
Smart contracts form the core of the proposed decentralized authentication and authorization framework. 

They are responsible for storing device identities, verifying credentials, and enforcing access control policies 
without requiring any centralized authority. 

Each IoT device is represented on the blockchain by a unique blockchain address and a registered digital 
identity. During the registration phase, a device submits its identifier and cryptographic credentials to the smart 
contract, which verifies and stores this information in an immutable on-chain registry. 
For authentication, when an IoT device attempts to access the network, it sends a signed request to the 
authentication smart contract. The contract validates the request by checking the device’s blockchain address, 
stored credentials, and digital signature. Only if all conditions are satisfied does the contract confirm the device 
as authenticated. 

Authorization is handled through an on-chain access control list maintained by the smart contract. Each 
device is assigned specific permissions that define which services or data it is allowed to access. When a device 
requests an operation, the smart contract checks whether the requested action is included in its authorized 
permissions. If the request matches the stored policy, the transaction is approved; otherwise, it is rejected 
automatically. 

The smart contracts also support dynamic permission updates and revocation, allowing administrators to 
modify or revoke device privileges in real time. Because these changes are recorded on the blockchain, all 
updates are transparent, traceable, and tamper resistant. 

This design ensures that authentication and authorization decisions are executed in a fully decentralized, 
auditable, and trustless manner, making the IoT security framework resistant to insider attacks, unauthorized 
access, and data manipulation. 

Smart contracts play a critical role in automating authentication and authorization decisions within the 
proposed framework. Figure 3 presents a sequence view of the interaction between IoT devices, blockchain 
nodes, and smart contracts during the access control process. 

 
Fig. 3. Smart-contract level interaction for authentication and authorization in the blockchain-based IoT 

framework 
 
To enhance the technical clarity of the proposed framework, the smart contract interaction workflow was 
further detailed using transaction-level operations. Device registration, authentication, and authorization are 
executed through specific blockchain function calls that update and query on-chain state variables such as 
device identities, access permissions, and request timestamps. These operations provide a concrete 
implementation view beyond conceptual architecture diagrams. 

3.3. Blockchain Platform and Consensus Mechanism 
The proposed framework is implemented using the Ethereum blockchain platform, which supports 
programmable smart contracts and decentralized application development. Ethereum was selected due to its 
mature development ecosystem, strong community support, and native support for access control logic through 
smart contracts written in Solidity. 
The blockchain network operates using a Proof of Stake (PoS) consensus mechanism, which provides higher 
energy efficiency and lower latency compared to traditional Proof of Work. This makes PoS more suitable for 
IoT environments, where computational and energy resources are limited. 
Blockchain nodes are deployed on edge servers and cloud-based infrastructure, while IoT devices interact with 
the network through lightweight blockchain clients or gateways. Transactions such as device registration, 
authentication requests, and authorization checks are processed by the Ethereum network and validated through 
PoS consensus, ensuring integrity and consistency across all nodes. 
By combining Ethereum’s smart contract capabilities with PoS-based consensus, the proposed system achieves 
a secure, scalable, and energy-efficient blockchain backbone for decentralized IoT security. 
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3.4. Experimental Environment and Evaluation Setup 
The experimental evaluation was conducted in a controlled IoT testbed consisting of 50 IoT devices, including 
sensors and smart appliances, connected through a local wireless network. These devices communicated with 
five blockchain nodes deployed on edge servers and cloud-based virtual machines. 
The IoT devices were configured to generate authentication and authorization requests at regular intervals, 
simulating real-world usage scenarios such as data access, device-to-device communication, and service 
requests. The network was configured using a standard TCP/IP stack over Wi-Fi, with an average network 
latency of approximately 20–40 ms. 
The Ethereum blockchain was deployed in a private network configuration to allow controlled testing of 
transaction throughput, latency, and energy consumption. Smart contracts were executed on this blockchain to 
handle device registration, authentication, and authorization operations. 
Testing conditions included normal operational workloads as well as stress-testing scenarios where the number 
of simultaneous IoT requests was increased to evaluate scalability and robustness. Performance metrics such 
as transaction confirmation time, success rate, and device energy consumption were recorded and analyzed to 
assess the effectiveness of the proposed framework. 

3.5. Data Collection and Analysis 
Data collected during the performance evaluation phase includes transaction times, energy consumption 
metrics, and security incident logs. This data is analyzed using statistical methods to identify trends, 
bottlenecks, and areas for improvement. 

3.6. Validation 
The proposed framework is validated through a combination of simulation and real-world testing. Simulations 
are used to model large-scale IoT networks, while real-world testing involves deploying the framework in a 
practical IoT application scenario, such as a smart home or industrial IoT system. 

3.7. Ethical Considerations 
Throughout the research, ethical considerations are adhered to, ensuring the privacy and security of data. All 
experiments are conducted in compliance with relevant data protection regulations and ethical guidelines. 

3.8. Summary 
This methodical approach provides a structured pathway to developing, implementing, and evaluating a 
blockchain-based decentralized authentication and authorization framework for IoT applications. The 
following sections will detail the results of the performance evaluation and discuss the implications of the 
findings for IoT security. 

4. RESULTS AND DISCUSSION  
This section presents the results obtained from implementing the blockchain-based decentralized 

authentication and authorization framework for IoT applications. The discussion interprets these results in the 
context of enhancing IoT security, addressing the key metrics of security analysis, scalability, energy 
efficiency, and comparative performance. 

 

4.1. Threat Model and Attack Surface 
To provide a systematic security evaluation, this study adopts a formal threat model tailored to IoT–

blockchain environments. The system is assumed to operate in a hostile network where adversaries may control 
communication channels, compromise IoT devices, or attempt to manipulate authentication and authorization 
processes. 
The primary attack surfaces include: 
(i) IoT device identity spoofing, 
(ii) replay and man-in-the-middle attacks on authentication messages, 
(iii) unauthorized privilege escalation, 
(iv) malicious modification of access control policies, and 
(v) denial-of-service attacks targeting centralized control components. 
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In the proposed framework, adversaries are assumed to have no control over the majority of blockchain 
validators and cannot alter confirmed blockchain records. However, they may attempt to inject fraudulent 
transactions, impersonate legitimate devices, or exploit weaknesses in traditional centralized systems. 
This threat model enables a structured evaluation of how blockchain and smart contracts mitigate both network-
level and authorization-level attacks. 

4.2. Security Analysis Under the Threat Model 
Under the defined threat model, the proposed framework demonstrates strong resistance to multiple 

classes of attacks. Device spoofing is prevented because every device must authenticate using a blockchain-
registered identity and cryptographic signature verified by a smart contract. An attacker cannot impersonate a 
device without possessing its private key and corresponding blockchain address. 

Replay attacks are mitigated using timestamps and nonces embedded in authentication transactions. The 
smart contract verifies freshness before granting authorization, thereby rejecting reused or delayed requests. 
Unauthorized access and privilege escalation are prevented by on-chain access control lists enforced by smart 
contracts. Since authorization logic is stored immutably on the blockchain, attackers cannot modify 
permissions without submitting a valid blockchain transaction that is approved by consensus. The elimination 
of centralized authentication servers removes the single-point-of-failure vulnerability typical of traditional IoT 
systems, making denial-of-service attacks significantly more difficult to execute successfully. 

4.3. Scalability and Stress Testing 
To evaluate large-scale deployment behavior, stress tests were conducted by increasing the number of 

active IoT devices from 50 to 1,000. During these experiments, devices generated simultaneous authentication 
and authorization requests, emulating a dense IoT deployment such as smart cities or industrial IoT networks. 

The results show that transaction latency increases gradually with network size, demonstrating near-linear 
scalability. Even under peak load, the system maintained stable throughput without authentication failures or 
blockchain inconsistencies. 

The use of a Proof-of-Stake consensus mechanism enabled faster transaction confirmation compared to 
traditional Proof-of-Work systems, making the framework suitable for large-scale IoT deployments where 
frequent authentication requests are required. 

To evaluate the scalability of the proposed framework, transaction latency was measured as the number 
of IoT devices increased. The results demonstrate the ability of the system to maintain acceptable performance 
levels under growing network size. 

 
Fig. 4. Transaction Latency vs. Number of IoT Devices 

 

4.4. Energy Efficiency 
Energy consumption is a critical factor in IoT environments, where devices often operate with limited power 
resources. The evaluation of energy efficiency involved measuring the power usage of IoT devices interacting 
with the blockchain network: 
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- Device Power Consumption: The results showed that the blockchain-based framework did not 
significantly increase the power consumption of IoT devices. Optimizations in the consensus mechanism 
and smart contract execution minimized the energy overhead [7][10]. 

- Network Efficiency: The overall energy efficiency of the IoT network was maintained, making the 
framework suitable for deployment in energy-constrained environments such as remote monitoring 
systems and smart agriculture [9]. 

4.5. Comparative Analysis 
A comparative analysis was conducted to benchmark the blockchain-based framework against traditional 
centralized security solutions: 
- Security: The decentralized framework outperformed centralized solutions in terms of security. The 

elimination of a single point of failure and the use of immutable records provided enhanced protection 
against cyber threats [2], [16]. 

- Performance: While the blockchain-based approach introduced some latency due to the consensus 
process, the overall performance remained competitive. The benefits of improved security and resilience 
outweighed the minor performance trade-offs [4], [13]. 

- Cost: The initial setup and deployment costs of the blockchain-based system were higher compared to 
traditional systems. However, the long-term benefits of reduced cyberattack costs and enhanced data 
integrity justified the investment [19], [20]. 

A comparative evaluation was conducted to assess the security effectiveness of the proposed decentralized 
framework against traditional centralized authentication systems. Figure 5 summarizes the comparison across 
key security dimensions. 

 
Fig. 5. Security Comparison Between Centralized and Blockchain-Based Approaches 

 

4.6. Discussion 
The results of this study highlight the effectiveness of blockchain technology in securing IoT environments. 
The decentralized nature of blockchain addresses several inherent vulnerabilities of IoT systems, providing a 
robust solution for authentication and authorization [21]. The security analysis demonstrated that the 
framework effectively mitigates common cyber threats, enhancing the overall security posture of IoT networks. 
Scalability remains a challenge, particularly in extremely large-scale deployments. However, the linear 
increase in transaction latency suggests that with further optimization, the framework can be scaled efficiently. 
Energy efficiency is another critical aspect, and the results indicate that the framework is suitable for 
deployment in energy-constrained environments, provided that blockchain operations are optimized for low 
power consumption [11][12]. 
The comparative analysis underscores the advantages of a decentralized approach over traditional centralized 
systems. The enhanced security and resilience against attacks make blockchain a compelling choice for IoT 
security. However, the higher initial costs and performance overheads must be considered when planning 
deployments [22][23]. 

4.7. Summary 
The blockchain-based decentralized authentication and authorization framework for IoT applications provides 
significant security enhancements while maintaining scalability and energy efficiency. The results validate the 
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feasibility and advantages of integrating blockchain technology into IoT environments. Future research should 
focus on optimizing blockchain protocols for IoT applications, addressing scalability and energy consumption 
challenges, and exploring the integration of emerging technologies such as AI to further enhance security [14], 
[17][24]. 

5. CONCLUSION 
This study presented a blockchain-based decentralized authentication and authorization framework 

designed specifically for IoT environments. By integrating smart contracts and a distributed ledger, the 
proposed system removes centralized trust dependencies while ensuring secure and transparent access control. 

Experimental results confirm that the framework achieves strong security, scalable performance, and 
energy efficiency, making it suitable for real-world IoT deployments. 

Energy efficiency remains a crucial consideration for IoT devices, which often operate in resource-
constrained environments. The findings of this study show that the blockchain-based framework does not 
substantially increase the power consumption of IoT devices. By optimizing the consensus mechanisms and 
smart contract execution, the framework maintains energy efficiency, making it suitable for applications where 
power resources are limited. 

Comparative analysis with traditional centralized security solutions reveals the superior security and 
resilience provided by the decentralized blockchain approach. Although the initial deployment costs and some 
performance overheads associated with blockchain may be higher, the long-term benefits of enhanced security 
and reduced vulnerability to cyberattacks justify these investments. The decentralized nature of blockchain 
eliminates single points of failure, offering a more secure and reliable system for IoT networks. 

Overall, the research underscores the potential of blockchain technology to revolutionize IoT security. By 
providing a decentralized, transparent, and secure framework for authentication and authorization, blockchain 
addresses critical vulnerabilities in IoT systems. Future research should focus on further optimizing blockchain 
protocols for IoT, addressing scalability challenges, and exploring the integration of artificial intelligence and 
machine learning to enhance security measures. 

In conclusion, the blockchain-based decentralized authentication and authorization framework presents a 
promising solution for securing IoT applications. As IoT continues to proliferate across various sectors, the 
adoption of blockchain technology can provide the necessary security foundation to support the growth and 
development of secure, reliable, and efficient IoT ecosystems. 
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