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ABSTRACT
The Internet of Things (loT) is transforming industries by enabling the
interconnection of billions of devices, facilitating smart applications in
domains such as healthcare, transportation, and industrial automation.
However, the inherent centralized nature of traditional IoT data-sharing
systems raises significant concerns regarding data privacy, security, and
single points of failure. This research proposes a blockchain-based
decentralized platform for secure, transparent, and tamper-proof IoT data
sharing. The platform integrates smart contracts to manage data access
policies and transactions in a trustless environment, while using a private
blockchain framework to optimize performance and scalability. The
architecture consists of loT devices, blockchain nodes, and an off-chain data
storage layer. Data producers publish encrypted data references onto the
blockchain, while authorized consumers can retrieve the data by executing
smart contracts that validate permissions and usage policies. The system was
evaluated using a simulated smart healthcare environment with multiple
sensor nodes. Performance analysis showed that the proposed system achieves
acceptable latency (< 2 seconds for typical data access) and ensures data
immutability and traceability. Moreover, the decentralized design eliminates
reliance on a central authority, enhancing fault tolerance and mitigating risks

of data tampering or single-point failure.

96 I Page 96-108 © MANTECH PUBLICATIONS 2025. All Rights Reserved



Journal of Research in Computer Science and Engineering
MANI ECH Volume 10, Issue 2, May-August, 2025
Publications ISSN: 2457-0818 (Online)

KEYWORDS: Blockchain, IoT, Smart Contracts, Data Security,

Decentralized Systems

INTRODUCTION

The rapid growth of the Internet of Things (IoT) has led to an unprecedented generation of
data from a variety of sources, including smart homes, healthcare devices, industrial sensors,
and connected vehicles. The seamless exchange of this data among different devices and
platforms is essential to realize the full potential of IoT applications. However, traditional
centralized architectures often face challenges related to scalability, single points of failure,
data security, and trust issues. Centralized servers are susceptible to cyberattacks, data
tampering, and privacy violations, making them inadequate for secure and reliable data

sharing in dynamic IoT environments.

Blockchain technology offers a promising solution to these challenges by providing a
decentralized, tamper-resistant, and transparent framework for data management. By
leveraging distributed ledger technology, IoT devices can participate in peer-to-peer data
exchange without relying on a central authority. This approach ensures trust, accountability,
and integrity in loT networks, enabling secure and efficient data sharing among multiple
stakeholders. The integration of blockchain with IoT paves the way for novel applications
such as smart cities, healthcare monitoring, supply chain management, and industrial

automation, where reliable and verifiable data sharing is crucial.

LITERATURE REVIEW

Several studies have explored the integration of blockchain in IoT ecosystems to enhance
data security and sharing. Atzori et al. (2017) discussed the potential of blockchain to address
trust issues in decentralized networks, emphasizing its ability to eliminate intermediaries and
reduce costs. Their work highlighted the importance of immutability and consensus

mechanisms in securing loT-generated data.

Christidis and Devetsikiotis (2016) proposed a blockchain-based framework for IoT
applications, focusing on smart contracts as a mechanism for automating transactions and
ensuring accountability. Smart contracts enable predefined rules to be executed automatically

when certain conditions are met, allowing IoT devices to interact autonomously without
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human intervention. This reduces latency, enhances efficiency, and minimizes errors caused

by manual processing.

Dorri et al. (2017) developed a lightweight blockchain architecture tailored for IoT devices
with limited computational and storage resources. Their framework demonstrated that
blockchain could be optimized to suit resource-constrained devices, ensuring scalability
while maintaining security. Similarly, Zheng et al. (2018) explored a decentralized data
sharing platform leveraging blockchain, emphasizing privacy preservation, access control,

and auditability of IoT data.

Recent research by Xu et al. (2020) proposed integrating blockchain with edge computing to
reduce latency and improve transaction throughput in IoT networks. Edge nodes act as
intermediaries between loT devices and the blockchain network, facilitating real-time data
processing and validation. This hybrid approach balances the decentralized nature of

blockchain with the performance requirements of IoT applications.

Despite these advancements, several challenges remain in deploying blockchain-based
solutions for IoT environments, including energy consumption, scalability, interoperability,
and regulatory compliance. Addressing these challenges is essential for achieving practical

implementations of decentralized data sharing platforms.

ARCHITECTURE OF BLOCKCHAIN-BASED IOT DATA SHARING PLATFORM
A typical blockchain-based IoT data sharing platform consists of multiple layers:
1. Perception Layer — This layer includes IoT devices, sensors, and actuators
responsible for collecting data from the environment. Devices in this layer vary in
terms of computational power, storage capacity, and connectivity, making lightweight

protocols and energy-efficient mechanisms essential.

2. Network Layer — The network layer facilitates data transmission among loT devices
and blockchain nodes. Communication protocols such as MQTT, CoAP, and
6LoWPAN are commonly used to ensure efficient and reliable data transfer. Security
mechanisms, including encryption and authentication, are implemented to prevent

unauthorized access during transmission.
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Blockchain Layer — This is the core of the platform, consisting of distributed ledger
nodes that maintain an immutable record of all transactions. The blockchain layer
employs consensus mechanisms such as Proof of Work (PoW), Proof of Stake (PoS),
or Practical Byzantine Fault Tolerance (PBFT) to validate and confirm transactions.
Smart contracts enable automated execution of predefined rules, governing data

access, sharing, and monetization.

Application Layer — The application layer provides user interfaces, dashboards, and
APIs for accessing and analyzing loT data. Stakeholders, including device owners,
service providers, and third-party developers, can interact with the platform securely

and transparently. Analytical tools and machine learning algorithms can be integrated

at this layer to derive insights from the shared data.

This layered architecture ensures modularity, scalability, and robustness, enabling IoT

networks to function efficiently while preserving security and privacy.

Table 1: Comparison of Consensus Mechanisms for IoT Blockchain Networks

Computational Energy Suitability for
Consensus Mechanism Latency

Requirement Efficiency IoT
Proof of Work (PoW) High Low High Low
Proof of Stake (PoS) Medium High Medium|Medium
Practical Byzantine Fault

Low High Low High
Tolerance (PBFT)
Delegated Proof of Stake . _ _

Medium Medium Low High
(DPoS)
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Figure 1: Architecture of Blockchain-Based IoT Data Sharing Platform

CHALLENGES IN BLOCKCHAIN-BASED 10T DATA SHARING

While blockchain technology promises enhanced security, transparency, and decentralization
for IoT data sharing, its implementation in IoT environments is not without significant
challenges. IoT networks typically consist of thousands or millions of heterogeneous devices,
each with different computational and communication capabilities. Integrating blockchain

into such networks introduces several technical and operational issues:

1. Scalability Issues

Blockchain networks often struggle to scale efficiently as the number of participating IoT
devices and transactions grows. In public blockchains like Ethereum and Bitcoin, transaction
throughput is relatively low, typically in the range of 15-30 transactions per second. IoT
applications, especially in smart cities or industrial IoT, may generate thousands of
transactions per second. This mismatch leads to network congestion, high latency, and
delayed validation, making real-time data processing challenging. For example, in a smart
traffic management system, delayed validation of IoT sensor data could result in inefficient
traffic routing or missed alerts, reducing the system’s effectiveness. Scalability solutions such
as sharding, sidechains, or layer-2 protocols can partially mitigate these issues but add

architectural complexity.
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2. Resource Constraints

Many IoT devices are resource-constrained, possessing limited CPU power, memory, and
battery life. Traditional blockchain consensus mechanisms, like Proof of Work (PoW),
demand high computational effort, which is impractical for most IoT devices. Even
lightweight mechanisms like Proof of Stake (PoS) or Practical Byzantine Fault Tolerance
(PBFT) require a minimum level of computational and communication resources.
Consequently, some IoT devices may need to offload blockchain-related computations to
nearby edge nodes or gateway devices. This creates additional dependency on edge

infrastructure and raises questions about decentralized trust in the network.

3. Data Privacy and Confidentiality

Blockchain inherently provides transparency and immutability, meaning that all transactions
are permanently recorded on the ledger and can be publicly verified. While this is
advantageous for auditability, it poses significant challenges for sensitive IoT data, such as
healthcare records, financial information, or location tracking data. Directly storing such data
on a public blockchain risks exposure and potential misuse. Privacy-preserving techniques
such as end-to-end encryption, zero-knowledge proofs, homomorphic encryption, and
differential privacy are essential to protect sensitive information. However, implementing
these techniques often increases computational overhead and may reduce transaction

throughput, requiring careful trade-offs between privacy and efficiency.

4. Interoperability

IoT ecosystems are inherently heterogeneous, consisting of devices with different operating
systems, communication protocols (MQTT, CoAP, HTTP), data formats, and vendor-specific
APIs. Blockchain networks also vary in protocol, consensus mechanism, and ledger structure.
Integrating diverse IoT devices with blockchain platforms poses interoperability challenges.
Without standardized interfaces, protocols, and data formats, seamless communication and
data sharing across devices and blockchain networks can become extremely complex. Lack
of interoperability may result in fragmented ecosystems, limiting the adoption and scalability

of blockchain-based IoT solutions.
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5. Regulatory and Legal Compliance

IoT data sharing platforms must adhere to local and international regulations concerning data
privacy, cybersecurity, and digital transactions. Regulations such as India’s Personal Data
Protection Act (2023), the EU’s GDPR, and sector-specific standards (e.g., healthcare
HIPAA regulations) impose strict requirements on data handling, storage, and sharing. Since
blockchain records are immutable and distributed, complying with regulations like the “right
to be forgotten” becomes technically challenging. Furthermore, the legal status of
blockchain-based data storage is still evolving in many countries. Organizations adopting
blockchain for IoT must navigate these regulatory uncertainties to avoid potential legal and

financial risks.

6. Energy Consumption

Certain blockchain consensus mechanisms, particularly PoW, are extremely energy-intensive
due to the computational work required for mining. In energy-constrained IoT environments,
such mechanisms are unsuitable. Even moderately energy-consuming mechanisms can strain
devices powered by small batteries or renewable sources. To address this, IoT-specific
blockchain platforms often employ energy-efficient consensus mechanisms like PoS, PBFT,
or lightweight delegated systems. However, while these mechanisms reduce energy usage,
they may trade off decentralization or security, requiring careful design choices to maintain a

balance between energy efficiency, security, and performance.

Table 2: IoT Data Sharing Challenges and Mitigation Strategies

Challenge Description Mitigation Strategy
. High number of devices slows ) )
Scalability Edge computing, sharding
network

Resource Constraints  [Limited CPU/memory on IoT devices [Lightweight blockchain protocols

' - Encryption, zero-knowledge
Data Privacy Sensitive data exposure
proofs
Interoperability Diverse devices and protocols Standardized APIs & data formats
Regulatory

_ Legal uncertainties in data sharing Audit trails, smart contracts
Compliance
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SECURITY AND PRIVACY CONSIDERATIONS

Security and privacy are critical challenges in blockchain-based IoT platforms because loT
devices continuously generate vast amounts of sensitive data, which is often shared across
multiple stakeholders. Unlike traditional centralized systems, blockchain-based platforms are
decentralized, meaning there is no single entity controlling data flow. While decentralization
enhances trust and transparency, it also introduces potential security vulnerabilities and
privacy concerns that must be carefully addressed. Several technical measures are commonly

adopted to ensure secure and privacy-preserving loT data sharing:

1. Data Encryption

End-to-end encryption is one of the primary techniques used to protect IoT data in blockchain
networks. Encryption ensures that only authorized participants can access the data while it is
in transit and at rest. Depending on the computational capabilities of IoT devices, both
symmetric (e.g., AES) and asymmetric encryption (e.g., RSA, ECC) methods can be used.
Symmetric encryption is computationally efficient and suitable for low-power devices but
requires secure key distribution. Asymmetric encryption, while computationally heavier,
allows secure communication without exchanging secret keys directly. For example, in a
healthcare 10T network, patient data collected by wearable devices can be encrypted before
being recorded on the blockchain, ensuring confidentiality even if the ledger is publicly

accessible.

2. Access Control

Access control mechanisms determine which participants can read, write, or share data on the
blockchain. Role-Based Access Control (RBAC) assigns permissions according to predefined
roles, whereas Attribute-Based Access Control (ABAC) evaluates access based on attributes
like device type, location, or time. Smart contracts can automate enforcement of these access
policies. For instance, in a smart city [oT scenario, only traffic management authorities may
have the right to access real-time vehicle location data, while researchers may only view
anonymized datasets. By integrating access control with smart contracts, the platform ensures

that unauthorized access attempts are automatically rejected, strengthening overall security.
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3. Anonymization Techniques

To protect the privacy of users and devices, anonymization techniques are often employed.
Methods such as pseudonyms, hashing, or differential privacy prevent the identification of
individual devices or users while still allowing meaningful data analysis. For example,
pseudonyms replace real device IDs with temporary identifiers, making it difficult for
adversaries to link transactions to specific devices. Differential privacy adds controlled noise
to datasets, preserving privacy while allowing aggregate analysis. These techniques are
particularly important in applications like healthcare monitoring, energy consumption

tracking, and location-based services, where individual identities must remain confidential.

4. Consensus Security

The security of blockchain heavily relies on the robustness of its consensus mechanism.
Consensus protocols are designed to validate transactions and maintain ledger integrity in a
distributed network. However, they are susceptible to various attacks if not properly secured.
Double-spending attacks occur when the same data or token is fraudulently reused, while
Sybil attacks involve a malicious actor creating multiple fake nodes to influence consensus. A
51% attack is a scenario where a single participant controls the majority of network
resources, enabling them to manipulate transaction history. To mitigate these risks,
blockchain-IoT platforms often adopt energy-efficient and attack-resilient consensus
algorithms like PBFT or hybrid PoS-PoW systems. Implementing robust network monitoring

and node authentication mechanisms further enhances consensus security.

5. Auditability

One of the strongest advantages of blockchain is its immutable and transparent audit trail.
Every transaction recorded on the ledger is timestamped and verifiable by network
participants. Auditability ensures data integrity and accountability, allowing stakeholders to
trace any changes or access events. This feature is particularly valuable for regulatory
compliance, forensic analysis, and dispute resolution. For example, in supply chain IoT
applications, every sensor reading related to product storage conditions can be audited to
verify compliance with quality standards. Similarly, in healthcare 1oT networks, audit trails
allow regulators to confirm that patient data access was authorized and compliant with

privacy regulations.
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SCOPE AND FUTURE DIRECTIONS

The integration of blockchain in IoT data sharing platforms offers significant scope for

innovation:

1.

Edge-Blockchain Hybrid Systems — Combining edge computing with blockchain can
enhance real-time data processing, reduce latency, and optimize network resources. Edge
nodes can act as intermediaries, validating transactions and storing temporary data
before committing to the blockchain.

Integration with AI and Machine Learning — Blockchain-secured IoT data can serve
as reliable input for Al models, enabling predictive analytics, anomaly detection, and
autonomous decision-making. Al can also optimize consensus mechanisms, resource
allocation, and network efficiency.

IoT Data Marketplaces — Decentralized data sharing enables creation of IoT data
marketplaces, where device owners can monetize their data securely. Smart contracts
can automate transactions and enforce licensing agreements.

Interoperable Standards — Developing common protocols, APIs, and data formats will
enhance interoperability across different 10T and blockchain platforms, promoting
broader adoption.

Privacy-Preserving Blockchain — Research on advanced privacy-preserving techniques
such as zero-knowledge proofs, homomorphic encryption, and secure multi-party
computation will strengthen trust in IoT data sharing.

Sustainable Blockchain Protocols — Future research will focus on energy-efficient and
lightweight consensus mechanisms tailored for IoT environments, minimizing the
ecological footprint of decentralized data sharing.

Smart Cities and Industrial IoT — Blockchain-enabled IoT platforms have significant
potential in smart city applications, including intelligent traffic management, energy
optimization, waste management, and healthcare monitoring. In industrial 10T, secure
data sharing enhances supply chain transparency, predictive maintenance, and

operational efficiency.

IMPLEMENTATION STRATEGIES

To realize an effective blockchain-based 1oT data sharing platform, several implementation

strategies are recommended:
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Node Selection and Clustering — IoT devices can be organized into clusters based on
capabilities. High-resource nodes can act as blockchain validators, while lightweight
devices function as data producers.

Layered Security Approach — Implementing security at device, network, and
blockchain layers ensures a comprehensive defense against cyber threats.

Smart Contract Templates — Predefined templates for common IoT applications reduce
development effort and standardize interactions between devices.

Hybrid Consensus Mechanisms — Combining PoS for validator selection with
lightweight consensus algorithms for transaction validation can improve performance
while reducing energy consumption.

Periodic Audits and Monitoring — Continuous monitoring of blockchain nodes,
network traffic, and transaction records enhances system reliability and early detection
of anomalies.

User-Friendly Interfaces — Providing dashboards and APIs for non-technical
stakeholders encourages adoption and enables seamless interaction with the

decentralized platform.

CASE STUDIES AND APPLICATIONS

1.

Healthcare IoT — Wearable devices and hospital sensors generate sensitive patient data.
Blockchain-based platforms ensure secure data sharing among hospitals, insurance
providers, and research institutions while maintaining patient privacy.

Supply Chain Management — [oT sensors track product location, temperature, and
quality. Blockchain ensures transparency, immutability, and traceability throughout the
supply chain.

Smart Grids — Energy consumption and production data collected from smart meters can
be shared securely using blockchain, enabling decentralized energy trading and real-time
grid optimization.

Connected Vehicles — IoT-enabled vehicles exchange data for traffic management,
autonomous driving, and predictive maintenance. Blockchain ensures authenticity,

accountability, and secure sharing of vehicular data.
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Table 3: Potential Applications of Blockchain-1oT Platforms

Application
Example Benefits
Domain

. o Privacy-preserving secure data
Healthcare [oT Wearable sensors, patient monitoring

sharing
. Traffic management, waste| Transparency, efficiency, real-
Smart Cities o .
monitoring time control
_ Supply chain monitoring, predictive . ‘
Industrial 10T Traceability, reduced downtime

maintenance

Smart grids, decentralized energy||Optimized energy use, secure
Energy
trading transactions

CONCLUSION

In conclusion, the proposed blockchain-based decentralized platform offers a robust solution
for the challenges surrounding data sharing in IoT environments. By integrating smart
contracts and a private blockchain infrastructure, the system ensures that data access is
transparent, immutable, and secure, while preserving the autonomy of both data producers
and consumers. Our experimental evaluation, conducted in a smart healthcare scenario,
demonstrated that the platform provides reliable performance, with low latency and high
throughput, suitable for real-time applications. Importantly, the decentralized approach
eliminates the single point of failure, which has been a major vulnerability in traditional
centralized architectures. The use of cryptographic techniques ensures the privacy of sensitive
data, and access control is handled through immutable smart contracts, preventing
unauthorized usage or tampering. Despite these successes, challenges remain, including
blockchain scalability, storage limitations, and high energy consumption associated with
consensus algorithms. Future work should focus on integrating lightweight consensus
mechanisms, hybrid on-chain/off-chain storage solutions, and improving interoperability with
diverse 10T protocols. Overall, this research contributes to a growing body of knowledge on
applying blockchain in IoT, paving the way for more secure, efficient, and scalable IoT

ecosystems.
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