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Abstract 

The integration of Internet of Things (IoT) technology has revolutionized data collection and analytics, 

creating vast networks of interconnected devices generating large volumes of data. However, this rapid 

expansion of IoT ecosystems introduces significant challenges related to data security, integrity, scalability, 

and privacy. Blockchain technology, with its decentralized and immutable nature, emerges as a compelling 

solution to address these challenges. This paper explores the synergy between IoT and blockchain, examining 

how blockchain can streamline IoT-driven data by providing secure data exchanges, enhancing transparency, 

and facilitating scalability. The study investigates the key mechanisms through which blockchain can mitigate 

common IoT data issues. It considers blockchain's role in ensuring data integrity by utilizing cryptographic 

methods, enabling traceability through distributed ledgers, and protecting against unauthorized data 

manipulation. Furthermore, it explores the potential of blockchain-based smart contracts to automate 

processes and improve interoperability among IoT devices. The paper delves into specific use cases, such as 

smart cities, demonstrating how blockchain can effectively streamline IoT data across various industries. The 

findings highlight that while blockchain offers substantial benefits, it also introduces unique challenges, 

including high energy consumption, latency concerns, and complex integration processes. This concludes with 

a discussion of Security concerns, Comparison with existing solutions. By addressing these challenges, 

blockchain can become a pivotal technology in streamlining IoT-driven data, paving the way for more secure, 

efficient, and trustworthy IoT ecosystems.  
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1. Introduction  

The Internet of Things (IoT) has rapidly become a 

cornerstone of modern technology, enabling a vast 

array of devices to connect, communicate, and share 

data. The IoT enables physical devices, 

automobiles, equipment and even cities are 

connected to interact with each other and 

interchange data with the help of embedded sensors 

[1]. From smart homes and industrial automation to 

healthcare monitoring and smart cities, IoT's impact 

is pervasive and transformative. However, this 

growth has also led to significant challenges in data 

management, security, and scalability. As IoT 

networks generate ever-increasing volumes of data, 

ensuring its reliability, integrity, and confidentiality 

becomes a complex task. In order to make value 

from the data generated by the IoT streaming 

devices, the devices are typically integrated with the 

cloud or centralized servers for data analysis. This 

opens a door towards the new paradigm of 

integrating the IoT with the cloud, creating the 

Cloud of things [2], [3]. Blockchain technology, 

originally developed to underpin cryptocurrencies 

like Bitcoin, has garnered attention for its 

decentralized, secure, and immutable characteristics 

[4]. These attributes make blockchain a promising 

candidate for addressing the inherent challenges of 

IoT data management. By leveraging blockchain's 

distributed ledger system, IoT networks can 

enhance data security, improve transparency, and 

enable more robust data integrity. Furthermore, 

blockchain-based smart contracts offer a 

mechanism for automating processes and 

establishing trust among disparate IoT devices and 

stakeholders [5]. This aims to explore how 
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blockchain can streamline IoT-driven data by 

providing a secure and efficient framework for data 

exchange, storage, and management [6]. It 

investigates the key benefits of integrating 

blockchain with IoT, such as enhanced data security 

through cryptographic hashing, decentralized 

consensus mechanisms, and improved data 

traceability [7]. Additionally, it examines practical 

use cases across various industries to demonstrate 

the real-world impact of this integration [8]. Despite 

its potential, blockchain adoption in IoT systems 

faces several hurdles, including energy 

consumption, latency, and the complexity of 

integrating blockchain into existing IoT 

architectures [9][10]. This paper will address these 

challenges and propose potential solutions, 

highlighting areas for further research and 

development. By exploring the convergence of 

blockchain and IoT, this study seeks to contribute to 

the advancement of secure, scalable, and efficient 

IoT ecosystems. In summary, this paper provides an 

overview of the intersection between blockchain 

and IoT, emphasizing the potential benefits and 

challenges of this emerging technology 

combination. Through detailed comparison, it aims 

to offer insights into how blockchain can streamline 

IoT-driven data and outline a path toward more 

secure and efficient IoT networks in the future.  

2. Proposed Methodology 

The proposed methodology for streamlining IoT-

driven data using blockchain and the InterPlanetary 

File System (IPFS) involves a hybrid approach that 

combines the immutability and security of 

blockchain with the distributed file storage 

capabilities of IPFS. This methodology aims to 

address the key challenges of IoT data management, 

including data security, scalability, traceability, and 

efficient data storage. The proposed architecture 

consists of three primary components: IoT devices, 

blockchain infrastructure, and IPFS storage. IoT 

devices collect data and send it to a blockchain 

network for secure recording and validation. The 

actual data content is stored on IPFS, a distributed 

file system, with the blockchain serving as a ledger 

for metadata and data hashes to ensure immutability 

and integrity. The proposed methodology consists 

of following layers: IoT network layer:  Devices in 

this tier are divided into two classes. Firstly, IoT 

devices with restricted networking, storage, and 

processing power. Second, IoT data streaming 

devices that have sufficient networking, storage, 

and processing power. Blockchain layer: Using 

blockchain storage entities, blockchain functions as 

a decentralized network. Each of these things has an 

exact duplicate of the whole system. Since IoT data 

files are frequently massive—many megabytes in 

size—storing them directly on the blockchain 

requires a significant amount of throughput and 

storage capacity. Therefore, the only value kept on 

the blockchain is the fixed-size hash value, which is 

several kilobytes. Distributed storage layer: There 

are difficulties in using blockchain technology to 

simultaneously ensure privacy and transparency. 

Comparing IPFS with traditional providers, there 

are clear benefits. In the first place, it guarantees 

globally dispersed data storage, avoids node trust, 

and removes single points of failure. IPFS file 

archiving and retrieval is similar to web procedures. 

Similar to URLs, uploaded files are assigned unique 

hash identities. In contrast, blockchain file storage 

places a higher priority on transparency, making it 

unsuitable for huge data. As a result, this study uses 

SCs to store data off-chain for public blockchain and 

retrieval. IPFS uses blockchain SCs to provide file 

access after authentication when users request 

actions on particular resources. IoT devices, 

equipped with various sensors, collect data from 

their respective environments. This data is 

preprocessed at the edge, which includes data 

filtering, compression, and encryption. The 

preprocessing step ensures that only relevant and 

secure data is sent to the blockchain network, 

reducing the overall data load and preserving 

confidentiality. Once data is collected and 

preprocessed, it is stored in IPFS, which uses a 

distributed hash table (DHT) to ensure efficient 

retrieval and sharing. Each stored file or data block 

on IPFS is assigned a unique hash, which is a 

cryptographic representation of the data's content. 

This hash serves as an identifier and ensures data 
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immutability and traceability. The blockchain 

component acts as a secure ledger, storing metadata 

related to the IoT data stored in IPFS. For each data 

block stored in IPFS, a corresponding transaction is 

created on the blockchain. This transaction contains 

the IPFS hash, timestamp, and relevant metadata 

(e.g., device ID, data type, location). This structure 

allows the blockchain to serve as a source of truth 

for the data's provenance and ensures the integrity 

and authenticity of the data. Smart contracts are 

deployed on the blockchain to automate processes 

and enforce data access policies in Figure 1. 

 

 

Figure 1 System Diagram Streamlining of IOT Driven Data Using Blockchain 

 

These contracts can be used to define conditions for 

data sharing, such as user permissions, device 

authentication, and data retention policies. 

Additionally, smart contracts can automate 

workflows, such as triggering alerts or notifications 

when specific conditions are met in the IoT data. To 

retrieve data, users or applications query the 

blockchain to obtain the relevant IPFS hashes. 

Using these hashes, the data can be quickly retrieved 

from IPFS. The blockchain's distributed ledger 

ensures that the retrieved data is verified for 

integrity and authenticity, as any tampering with the 

data would result in a mismatch with the stored 

hash. Security and privacy are paramount in this 

methodology. Blockchain's decentralized and 

cryptographic nature ensures data integrity and 

resistance to tampering. Data stored on IPFS can be 

encrypted to protect sensitive information, and 

access control mechanisms can be implemented 

through smart contracts. Additionally, the 

distributed nature of IPFS reduces single points of 

failure, enhancing overall system reliability. 

3. Results and Discussion 

The integration of blockchain and the InterPlanetary 

File System (IPFS) into the Internet of Things (IoT) 

ecosystem offers a compelling solution to many of 

the challenges inherent in IoT data management. 

This discussion focuses on two key areas: security 
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analysis and a comparison with existing solutions, 

incorporating insights from relevant research. 

3.1. Security Analysis 

One of the primary concerns in IoT is ensuring the 

security and integrity of data as it moves through the 

system. Blockchain and IPFS provide robust 

mechanisms to address these issues. 

Blockchain's inherent immutability, achieved 

through cryptographic hashing and consensus 

mechanisms, ensures that once data is recorded, it 

cannot be altered without detection. This 

characteristic is crucial for maintaining data 

integrity in IoT applications, especially those with 

compliance and audit requirements. IPFS 

complements this by providing a distributed file 

system where data blocks are hashed, guaranteeing 

their integrity. This dual-layer approach 

significantly reduces the risk of data tampering. 

Blockchain's decentralized nature inherently resists 

single points of failure, as multiple nodes maintain 

copies of the ledger. This structure reduces the risks 

associated with centralized systems, where a single 

breach could compromise the entire system. IPFS 

further enhances this decentralization by 

distributing file storage across a peer-to-peer 

network, reducing data loss risk from server outages 

or targeted attacks. Encryption plays a central role 

in protecting data within IoT systems. With 

blockchain and IPFS, sensitive data can be 

encrypted before storage, ensuring that only 

authorized parties can access it. Smart contracts can 

enforce access controls, ensuring that data is shared 

only with entities that meet predefined conditions. 

This level of automation adds an additional layer of 

security, reducing human error and potential 

security gaps. Blockchain-based identity 

verification and authentication mechanisms provide 

a secure method for ensuring that only trusted 

devices and users can interact with the system. 

Smart contracts can be used to implement complex 

authorization policies, allowing fine-grained control 

over who can access and modify data. These 

mechanisms significantly reduce the risk of 

unauthorized access and data breaches. 

3.2. Comparison with Existing Solutions 

In the context of IoT data management, existing 

solutions often rely on centralized architectures or 

traditional distributed databases. Following are 

Comparison on blockchain and IPFS with these 

existing approaches, using relevant research for 

context in Table 1. 

 

Table 1 Comparison with Existing Solutions 

APPROACH DESCRIPTION STORAGE BLOCKCHAIN ROLE PRIVACY 

[11] 

Decentralized access 

management 

system for IoT 

devices. 

CoAP is used and 

data is privately 

stored on a network 

accessible storage. 

Access management 

using an Ethereum 

blockchain. 

Private 

blockchain 

[12] 

Blockchain-based 

solution 

for sharing weather 

sensor 

data in a marketplace. 

NTUA 

token is used. 

Maria database is 

used for blockchain 

events. Weather 

sensor data is stored 

on centralized server. 

Ethereum blockchain 

for events and access 

management 

Users with 

provided key 

can access the 

requested data 

[13] 

Generic blockchain-

based 

solution for access 

control 

Off-chain storage 

Access control and 

identity management of 

data 

Encryption of 

data 
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[14] 

Distributed access 

control 

and management 

system 

of IoT data 

Cloud storage or 

decentralized storage 

Management and 

access control of data 

Encryption 

using key 

[15] 

Decentralized access 

model 

for IoT data using a 

consortium 

architecture 

InterPlanetary File 

System 

Smart contract access 

control on stored keys 

Hashes are 

encrypted 

Proposed 

Solution 

Blockchain based 

decentralized 

solution for 

streamlining IoT 

driven data 

InterPlanetary File 

System 

Access control based 

on Smart contract, an 

immutable trusted 

ledger for chunks hash 

sharing. 

Hashes are 

encrypted 

Conclusion 

This proposed methodology provides a 

comprehensive approach to streamlining IoT-driven 

data using blockchain and IPFS. By combining the 

strengths of blockchain's immutability with IPFS's 

distributed file storage, this approach addresses the 

key challenges of IoT data management, offering 

enhanced security, scalability, and data integrity. 

The use of smart contracts further automates 

processes and ensures efficient data access control. 

Future work will involve testing and validating this 

methodology across various IoT use cases to 

demonstrate its effectiveness in real-world 

scenarios. 
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