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Abstract 

As the Internet of Things (IoT) continues to expand, ensuring the scalability and integrity of 
data generated across heterogeneous devices becomes critical. Traditional centralized 
architectures face growing limitations in addressing data tampering, privacy, and latency 
issues at scale. This paper explores a decentralized architecture leveraging blockchain-based 
consensus protocols to ensure data integrity and scalability in large-scale IoT ecosystems. 
We propose a layered framework integrating lightweight consensus mechanisms, edge 
computing, and smart contracts to mitigate trust and performance bottlenecks. A 
comparative evaluation of existing consensus algorithms is provided, along with 
architectural modeling and implementation considerations. The study confirms that 
blockchain-based solutions can enhance security and reliability in IoT without sacrificing 
performance, particularly when adapted with resource-aware designs. 
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1. INTRODUCTİON  

The exponential proliferation of the Internet of Things (IoT) has resulted in a vast 

network of interconnected devices, producing massive volumes of data in real time. 

Traditional centralized data management approaches are increasingly inadequate due to 

issues of single points of failure, vulnerability to cyberattacks, and high maintenance costs. 

As a result, the demand for decentralized solutions that offer scalable and secure data 

integrity mechanisms has intensified across multiple industries. 
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Blockchain technology has emerged as a potential solution to address these issues, 

providing immutability, traceability, and decentralized trust. When integrated with IoT 

networks, blockchain allows distributed data validation and protection against tampering. 

However, traditional consensus mechanisms such as Proof of Work (PoW) or Proof of Stake 

(PoS) often introduce latency and energy inefficiency, making them unsuitable for resource-

constrained IoT devices. This paper proposes a hybrid decentralized framework optimized 

for scalability and security in large-scale IoT using lightweight blockchain consensus 

protocols. 

 

2. LITERATURE REVIEW 

Prior research has focused on enhancing data security in IoT through various 

decentralized paradigms. Dorri et al. (2017) proposed a lightweight blockchain-based 

architecture for smart homes, showing significant performance gains in security and trust 

with minimal overhead. However, their framework lacked scalability for large-scale 

deployments. Similarly, Sharma et al. (2018) designed a blockchain-based authentication 

scheme for vehicular IoT but noted delays under high transaction volumes. 

Liang et al. (2019) examined the trade-offs between scalability and latency in 

decentralized trust systems for IoT. Their findings emphasized the necessity of consensus 

mechanisms tailored to constrained environments. Moreover, Christidis and Devetsikiotis 

(2016) analyzed the interoperability of blockchain with IoT and identified consensus 

limitations for real-time operations. Recent contributions by Reyna et al. (2018) and 

Kouicem et al. (2019) further underscore the need for edge integration and hierarchical 

architectures. 
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3. METHODOLOGY AND SYSTEM ARCHITECTURE 

3.1 Architectural Design 

The proposed system adopts a three-layered architecture: (1) the perception layer 

(sensors and actuators), (2) the edge computing layer (local processing and consensus node 

clustering), and (3) the blockchain layer (distributed ledger and smart contracts). Consensus 

occurs at the edge layer, using a Delegated Proof of Stake (DPoS) protocol to reduce 

computational overhead. 

3.2 Protocol and Consensus Selection 

We comparatively analyzed PoW, PoS, PBFT, and DPoS in a simulation environment 

with 10,000 IoT nodes. DPoS was selected due to its minimal latency and energy efficiency, 

with throughput exceeding 200 TPS under constrained resources. 

Table1: Consensus Protocols Comparison 

Protocol Latency (ms) Energy Use (mWh) Throughput (TPS) 

PoW 3000 540 7 

PoS 1200 220 30 

PBFT 250 180 120 

DPoS 180 90 205 

 

4. IMPLEMENTATION AND PERFORMANCE EVALUATION 

4.1 Deployment Environment 

We simulated the architecture using Hyperledger Sawtooth integrated with an edge 

framework built in Python using the Flask microservices framework. Nodes were emulated 

using Raspberry Pi 4 units to reflect IoT-grade capabilities. Real-time data from an air quality 

monitoring application was used. 
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Performance was assessed using metrics like transaction finality time, block 

propagation delay, and CPU utilization. The architecture maintained 90% node uptime and 

verified block integrity within 300ms in 98% of cases. 

4.2 Results Analysis 

Our results showed that local consensus at the edge significantly reduces network 

traffic to the main blockchain layer. The hybrid model allows horizontal scalability while 

ensuring strong data immutability. Figure 1 illustrates comparative latency performance 

across deployments. 

 

Figure 1: Latency vs Scalability of Proposed Model 

 

5. CHALLENGES AND FUTURE DIRECTIONS 

5.1 Limitations 

Despite improvements, challenges remain in dynamic node trust reconfiguration, 

especially during edge node failures or malicious attacks. Furthermore, smart contracts 

require optimization for minimal storage consumption, as current IoT devices have limited 

memory capacity. 
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Data privacy, particularly under regulations such as GDPR, is another concern. Public 

blockchain transparency can inadvertently reveal sensitive metadata if privacy-preserving 

techniques such as zk-SNARKs are not integrated. 

5.2 Future Work 

Future research should explore federated learning atop decentralized architectures to 

combine data integrity with on-device model training. Additionally, adaptive consensus 

switching based on device capabilities can enhance efficiency. Integration with zero-

knowledge proofs for privacy-preserving validation is another direction of high potential 

impact. 

 

6. CONCLUSION 

This paper presented a decentralized, scalable, and secure framework for IoT data 

integrity using blockchain-based consensus protocols, particularly focusing on DPoS. Our 

simulation and architecture analysis reveal that integrating edge computing with consensus 

mechanisms allows efficient and trustworthy IoT ecosystems. The proposed approach 

reduces latency, supports scalability, and maintains data integrity without relying on 

centralized authorities. These findings position blockchain-integrated decentralization as a 

critical enabler for next-generation IoT applications. 
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