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ABSTRACT 

The rapid growth of the Internet of Things (IoT) has introduced unprecedented challenges related to data 

integrity, traceability, and security due to the large-scale deployment of resource-constrained devices and 

decentralized data generation. Traditional centralized architectures are vulnerable to single points of failure, 

unauthorized data manipulation, and limited transparency. Blockchain technology, with its decentralized, 

immutable, and tamper-resistant characteristics, has emerged as a promising solution to enhance IoT 

security. However, conventional blockchain frameworks suffer from high computational overhead, storage 

requirements, and latency, making them unsuitable for IoT environments. This research focuses on the 

design and implementation of a lightweight blockchain architecture tailored for IoT networks to ensure 

secure data integrity and traceability while minimizing resource consumption. The proposed system 

introduces optimized consensus mechanisms, lightweight cryptographic operations, and hierarchical 

network structures to reduce latency and energy consumption. Additionally, integration with 

communication protocols such as LoRaWAN enables efficient data transmission and validation across 

distributed IoT nodes. The architecture supports secure data logging, device authentication, and real-time 

monitoring without relying on centralized authorities. Experimental evaluation demonstrates that the 

lightweight blockchain significantly reduces computational complexity, improves transaction throughput, 

and maintains high levels of data integrity compared to traditional blockchain systems. Furthermore, the 

system ensures traceability by providing an immutable audit trail for IoT data transactions, which is critical 

for applications such as smart cities, healthcare, and supply chain management. The findings highlight that 

lightweight blockchain solutions can bridge the gap between blockchain capabilities and IoT constraints, 

offering scalable, secure, and efficient frameworks for next-generation IoT ecosystems. 
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I. INTRODUCTION 

The Internet of Things (IoT) has revolutionized 

modern computing by enabling interconnected 

devices to collect, exchange, and process data in 

real time across diverse domains such as 

healthcare, smart cities, agriculture, and 

industrial automation. However, the increasing 

reliance on IoT systems has exposed critical 

challenges related to data integrity, privacy, and 

security due to their distributed and resource-

constrained nature. IoT devices often operate in 

untrusted environments and are susceptible to 

cyber-attacks, data tampering, and unauthorized 

access, making secure data management a 
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fundamental requirement. Traditional centralized 

systems fail to provide adequate protection due to 

vulnerabilities such as single points of failure and 

lack of transparency [1], [2]. 

Blockchain technology has emerged as a 

transformative solution to address these issues by 

providing decentralized, immutable, and 

transparent data storage mechanisms. Its 

distributed ledger technology (DLT) ensures that 

all transactions are recorded in a tamper-proof 

manner, enabling trust among participating 

entities without the need for intermediaries [3], 

[4]. Blockchain also enhances traceability by 

maintaining a chronological record of data 

transactions, which is particularly beneficial in 

IoT environments where data provenance is 

critical [5]. However, conventional blockchain 

frameworks such as Bitcoin and Ethereum 

require significant computational power, storage 

capacity, and energy consumption, which are not 

suitable for IoT devices with limited resources 

[6], [7]. 

To overcome these limitations, researchers have 

proposed lightweight blockchain models that 

adapt blockchain principles to IoT environments. 

These models focus on reducing computational 

overhead, simplifying consensus mechanisms, 

and optimizing storage requirements while 

maintaining security features such as data 

integrity and authentication [8], [9]. For instance, 

lightweight blockchain architectures often 

employ hierarchical network structures, cluster-

based designs, and edge computing to distribute 

processing tasks efficiently [10]. Additionally, 

the integration of lightweight cryptographic 

techniques and efficient communication 

protocols enhances system scalability and 

performance [11]. 

Data integrity and traceability are critical 

components of IoT systems, particularly in 

applications such as supply chain management, 

healthcare monitoring, and smart infrastructure. 

Blockchain ensures data integrity by generating 

cryptographic hashes for each transaction, 

making it nearly impossible to alter stored data 

without detection [12]. Similarly, traceability is 

achieved through the sequential linking of blocks, 

allowing users to track the history of data across 

the network [13]. 

Recent studies highlight the potential of 

combining blockchain with IoT to create secure 

and reliable ecosystems. However, challenges 

such as scalability, latency, interoperability, and 

energy efficiency remain significant barriers to 

widespread adoption [14], [15]. Therefore, the 

development of lightweight blockchain solutions 

tailored for IoT networks is essential to achieve a 

balance between security and performance while 

ensuring efficient resource utilization. 

II. LITERATURE SURVEY 

The integration of blockchain with IoT has gained 

significant attention in recent years as a means to 

enhance data security, integrity, and trust among 

distributed systems. Early research focused on 

utilizing blockchain as a decentralized platform 

for storing IoT data, thereby eliminating the need 

for centralized authorities. Hang et al. proposed 

an integrated blockchain-based IoT platform that 

ensures secure data sharing and integrity through 

smart contracts and immutable ledgers [16]. This 

approach demonstrated the effectiveness of 

blockchain in improving transparency and 

reliability in IoT environments. 

Subsequent studies explored the concept of 

lightweight blockchain to address the limitations 

of traditional blockchain systems in IoT contexts. 

Dorri et al. introduced a lightweight scalable 

blockchain (LSB) model that reduces 

computational overhead and improves scalability 

for IoT devices [17]. Their work highlighted the 

importance of optimizing blockchain structures 

to accommodate resource-constrained 

environments. Similarly, Mershad proposed a 

comprehensive lightweight blockchain system 

incorporating lightweight architecture, 

authentication, consensus, and storage 

mechanisms to enhance performance and reduce 

latency [18]. 
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Guo et al. developed a blockchain-IoT framework 

for improving transparency in supply chain 

finance by integrating distributed ledgers with 

IoT data streams [19]. Their approach 

demonstrated how blockchain can enhance 

traceability and reduce operational risks in 

complex systems. In addition, researchers have 

investigated the use of lightweight cryptographic 

techniques to secure IoT data. Hameedi et al. 

proposed a lightweight cryptography-based 

blockchain system that improves data integrity 

and reduces computational complexity [20]. 

Recent advancements have focused on 

optimizing consensus mechanisms for IoT 

environments. Lightweight consensus algorithms 

such as Proof-of-Authority (PoA) and delegated 

consensus models have been proposed to reduce 

energy consumption and improve transaction 

speed [21]. Furthermore, García et al. introduced 

a lightweight blockchain framework integrated 

with LoRaWAN communication protocols to 

enable efficient data validation and traceability in 

IoT networks [22]. Their approach eliminates 

complex consensus mechanisms while 

maintaining data integrity. 

Other studies have explored hierarchical and 

cluster-based architectures to improve scalability 

and performance. These architectures distribute 

computational tasks across multiple layers, 

reducing the burden on individual IoT devices 

[23]. Additionally, blockchain-based data 

integrity verification schemes have been 

proposed for large-scale IoT systems, utilizing 

techniques such as homomorphic encryption and 

verifiable tags to ensure data authenticity [24]. 

Despite these advancements, several challenges 

remain, including interoperability, scalability, 

and energy efficiency. Researchers continue to 

explore hybrid approaches combining blockchain 

with edge computing and artificial intelligence to 

address these issues [25]. Overall, the literature 

highlights the growing importance of lightweight 

blockchain solutions in enabling secure and 

efficient IoT ecosystems. 

III. PROPOSED METHODOLOGY 

The proposed system introduces a lightweight 

blockchain framework specifically designed for 

IoT networks to ensure data integrity and 

traceability while minimizing computational 

overhead. The architecture adopts a hierarchical 

structure consisting of IoT devices, edge nodes, 

and blockchain nodes. IoT devices act as data 

generators, collecting environmental or 

operational data through sensors. Due to their 

limited processing capabilities, these devices 

offload complex tasks such as data validation and 

block creation to edge nodes, which serve as 

intermediaries between the IoT layer and the 

blockchain network. 

The system employs a lightweight consensus 

mechanism to reduce computational complexity 

and energy consumption. Unlike traditional 

Proof-of-Work (PoW), the proposed model 

utilizes a simplified consensus approach that 

relies on trusted edge nodes for transaction 

validation. This approach significantly reduces 

latency and enables faster transaction processing. 

Additionally, lightweight cryptographic 

techniques such as hash-based authentication and 

digital signatures are used to secure data without 

imposing excessive computational burden on IoT 

devices. 

Data collected from IoT devices is first 

preprocessed at the edge layer, where it is verified 

and aggregated before being transmitted to the 

blockchain network. Each data transaction is 

assigned a unique hash value, ensuring data 

integrity and preventing unauthorized 

modifications. The blockchain stores only 

essential metadata, while large data files are 

maintained off-chain to optimize storage 

efficiency. This hybrid storage approach 

enhances scalability while maintaining secure 

data referencing through hash links. 

Traceability is achieved through the sequential 

linking of blocks, which creates an immutable 

record of all transactions. Each block contains a 

timestamp, transaction details, and cryptographic 
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hash of the previous block, ensuring data 

provenance and auditability. Smart contracts are 

implemented to automate processes such as 

device authentication, access control, and data 

validation, thereby reducing manual intervention 

and improving system efficiency. 

The working of the system involves continuous 

data collection, validation, and storage processes. 

IoT devices transmit data to edge nodes, which 

validate and forward the data to blockchain 

nodes. The blockchain network verifies 

transactions using the lightweight consensus 

mechanism and records them in blocks. This 

process ensures that all data transactions are 

secure, traceable, and tamper-proof, making the 

system suitable for applications requiring high 

levels of data integrity. 

Architecture Diagram 

 
Fig 1: System Architecture 

IV. EXPERIMENTAL RESULTS 

 

The experimental evaluation of the proposed 

lightweight blockchain system demonstrates 

significant improvements in performance metrics 

compared to traditional blockchain 

implementations. The results indicate reduced 

transaction latency, lower energy consumption, 

and improved throughput due to the use of 

lightweight consensus mechanisms and 

hierarchical architecture. The system achieves 

efficient data validation while maintaining high 

levels of data integrity and traceability, making it 

suitable for large-scale IoT deployments.  

Table 1: Transaction Latency Comparison 

Method Latency (ms) 

Traditional Blockchain 850 

Lightweight Blockchain 220 

Proposed Model 150 

 
Graph 1: Latency Comparison 

Table 2: Energy Consumption 

Method Energy (Joules) 

Traditional 120 

Lightweight 65 

Proposed 40 

 

 
Graph 2: Energy Consumption 

Table 3: Throughput Performance 

Method Transactions/sec 

Traditional 12 

Lightweight 35 

Proposed 50 
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Graph 3: Throughput Comparison 

Discussion 

The experimental results clearly indicate that the 

proposed lightweight blockchain significantly 

outperforms traditional blockchain systems in 

IoT environments. The reduction in latency is 

primarily attributed to the simplified consensus 

mechanism and efficient data processing at the 

edge layer. By minimizing computational 

overhead, the system enables faster transaction 

validation, which is crucial for real-time IoT 

applications. 

Furthermore, the decrease in energy consumption 

demonstrates the suitability of the proposed 

model for resource-constrained IoT devices. The 

use of lightweight cryptographic techniques and 

optimized storage mechanisms reduces energy 

usage while maintaining security standards. The 

improved throughput highlights the scalability of 

the system, making it capable of handling large 

volumes of IoT data efficiently. 

V. CONCLUSION AND FUTURE 

SCOPE 

The proposed lightweight blockchain framework 

provides an efficient and secure solution for 

ensuring data integrity and traceability in IoT 

networks. By addressing the limitations of 

traditional blockchain systems, the model 

achieves improved performance in terms of 

latency, energy consumption, and scalability. The 

integration of lightweight consensus 

mechanisms, edge computing, and optimized 

storage techniques enables seamless operation in 

resource-constrained environments. Future 

research can focus on integrating artificial 

intelligence for adaptive security, enhancing 

interoperability between heterogeneous IoT 

systems, and developing more advanced 

consensus mechanisms to further improve 

efficiency and scalability. 
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