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Abstract

The Internet of Things (IoT) has significantly transformed modern computing by
enabling large numbers of interconnected devices to sense, process, and exchange
data autonomously. Despite its rapid adoption, IoT ecosystems face persistent
challenges related to data security, privacy, scalability, and reliability due to the
limited computational, storage, and energy capabilities of IoT devices. Traditional
centralized architectures introduce single points of failure and are vulnerable to
cyberattacks, making them unsuitable for large-scale and mission-critical
applications. Blockchain technology, characterized by decentralization,
immutability, and cryptographic security, offers a promising solution to address
these limitations. This paper presents a comprehensive blockchain architecture
tailored for lightweight IoT networks. The proposed framework incorporates
energy-efficient consensus mechanisms, hybrid on-chain and off-chain data
storage, and lightweight cryptographic techniques to ensure secure, scalable, and
efficient data management. Performance analysis and a smart city traffic
management use case demonstrate the feasibility and effectiveness of the

proposed architecture.
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I. INTRODUCTION

The Internet of Things (IoT) has emerged as a key paradigm in modern
computing, enabling billions of interconnected devices to communicate and
cooperate autonomously. Applications of 10T span diverse domains, including
healthcare monitoring, smart cities, industrial automation, agriculture, and
intelligent transportation systems. These applications rely on continuous data

collection and real-time decision-making, often involving sensitive information.

Despite its advantages, 1oT networks face significant challenges. Most 1oT
devices are resource-constrained, possessing limited processing power, memory,
bandwidth, and energy. Traditional centralized data management architectures
struggle to handle the scale and heterogeneity of IoT environments. Central
servers become bottlenecks, introduce latency, and represent single points of
failure. Additionally, centralized systems raise serious concerns regarding data

privacy, trust, and security.

Blockchain technology has gained attention as a decentralized solution capable
of ensuring data integrity, transparency, and trust without relying on a central
authority. However, conventional blockchain platforms such as Bitcoin and
Ethereum rely on energy-intensive consensus mechanisms and large storage
requirements, making them impractical for lightweight IoT networks. This paper
addresses this challenge by proposing a blockchain architecture specifically

optimized for lightweight [oT environments.
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II. BACKGROUND AND RELATED WORK
A. Internet of Things Architecture

IoT architectures typically consist of sensing, network, and application layers.
Sensors and actuators collect data, which is transmitted through communication
networks to centralized servers or cloud platforms for processing and analysis.
While this model is simple, it lacks scalability and resilience in large

deployments.
B. Blockchain Technology Overview

Blockchain is a distributed ledger technology that maintains a continuously
growing list of records called blocks, linked and secured using cryptographic
techniques. Key features of blockchain include decentralization, immutability,
transparency, and fault tolerance. These properties make blockchain attractive for

secure data sharing and trust management.

C. Blockchain for IoT
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Several studies have explored the integration of blockchain with [oT to enhance
security and trust. However, most existing solutions assume powerful nodes
capable of handling heavy computation and storage. Lightweight [oT devices

cannot directly participate in such systems, necessitating architectural

modifications.

III. BLOCKCHAIN ARCHITECTURE FOR LIGHTWEIGHT IoT
NETWORKS

To overcome the limitations of traditional blockchain systems, we propose a
lightweight blockchain architecture designed specifically for IoT environments.
The architecture consists of three layers: device layer, blockchain layer, and

application layer.

A. Device Layer
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The device layer includes IoT sensors, actuators, cameras, and wearable devices
responsible for collecting data from the physical environment. Due to resource
constraints, these devices do not directly interact with the blockchain. Instead,
IoT gateways act as intermediaries, aggregating and preprocessing data before
forwarding it to the blockchain network. Edge computing capabilities are
integrated at this layer to reduce latency, minimize bandwidth usage, and enable

faster local decision-making.
B. Blockchain Layer

The blockchain layer is the core of the proposed architecture. It consists of a
decentralized network of lightweight nodes responsible for transaction validation
and ledger maintenance. To reduce overhead, optimized block structures with
smaller block sizes are employed. Lightweight consensus mechanisms such as
Proof of Authority (PoA) and Practical Byzantine Fault Tolerance (PBFT) are

used to ensure fast and energy-efficient consensus.

Smart contracts deployed at this layer automate essential operations such as
device authentication, access control, and secure data sharing. These contracts

eliminate the need for manual intervention and improve system reliability.
C. Application Layer

The application layer provides interfaces and analytics tools for users,
administrators, and service providers. It enables real-time monitoring,
visualization, and analysis of blockchain-validated IoT data. The transparency
and immutability of blockchain records support informed decision-making and

auditing.
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IV. KEY DESIGN COMPONENTS
A. Consensus Mechanisms

Traditional Proof of Work (PoW) consensus is unsuitable for IoT due to its high
energy consumption. PoA relies on a limited set of trusted validators, significantly
reducing computational overhead. PBFT is designed for permissioned
blockchains and provides fast transaction finality, making it suitable for

lightweight deployments.
B. Data Storage Strategy

IoT devices generate large volumes of data, making on-chain storage impractical.
A hybrid storage model is adopted in which critical metadata and transaction
hashes are stored on-chain, while bulk sensor data is stored off-chain using
distributed storage solutions such as IPFS. This approach ensures data integrity

while minimizing storage requirements.
C. Cryptographic Techniques

Lightweight cryptographic algorithms are essential for securing IoT
communications. Elliptic Curve Cryptography (ECC) offers strong security with
smaller key sizes, reducing computational overhead. Hash functions provide data

integrity by generating unique fingerprints for transactions.
D. Smart Contracts

Smart contracts automate various network operations, including access control
enforcement, event-triggered alerts, and secure data exchange. Automation

improves efficiency, reduces human error, and enhances security.
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V. USE CASE: SMART CITY TRAFFIC MANAGEMENT SYSTEM

To demonstrate the practical applicability of the proposed architecture, a smart
city traffic management system is considered. loT devices such as traffic sensors,
surveillance cameras, and connected vehicles collect real-time traffic and
environmental data. IoT gateways aggregate and preprocess this data before

submitting it to the blockchain network.

The blockchain validates and records traffic data, ensuring authenticity and
integrity. Smart contracts automatically adjust traffic signal timings, issue
congestion alerts, and notify emergency services when required. This
decentralized approach reduces reliance on centralized control centers, improves

system resilience, and enhances traffic efficiency.

VI. SECURITY ANALYSIS
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The proposed blockchain-based architecture provides robust security guarantees.
Decentralization eliminates single points of failure, making the system resilient
to attacks. Blockchain immutability ensures that once data is recorded, it cannot
be altered without detection. Cryptographic mechanisms protect sensitive
information, while smart contracts enforce strict access control policies.

Lightweight consensus mechanisms further reduce the attack surface.

VII. PERFORMANCE EVALUATION

The architecture was evaluated using performance metrics such as throughput,
latency, and energy consumption. Simulation results indicate that the proposed
architecture significantly reduces latency and energy usage compared to
traditional blockchain systems. The use of lightweight consensus mechanisms
and hybrid storage strategies contributes to improved performance and

scalability.

VIII. BENEFITS AND CHALLENGES
A. Benefits
« Enhanced data security and integrity
o Decentralized and fault-tolerant architecture
« Reduced energy consumption
« Automated operations through smart contracts
« Scalability across diverse IoT applications
B. Challenges
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« Limited computational and storage capabilities of [oT devices
« Interoperability with existing IoT infrastructures

« Blockchain validation latency in real-time applications

IX. FUTURE DIRECTIONS

Future research should focus on integrating artificial intelligence with
blockchain-enabled IoT systems to support predictive analytics and anomaly
detection. Hybrid blockchain models combining public and private blockchains
may offer improved scalability and flexibility. Additionally, the development of
ultra-lightweight consensus mechanisms and advanced cryptographic techniques

will further enhance system performance.

X. CONCLUSION

Blockchain technology has the potential to revolutionize lightweight IoT
networks by providing secure, decentralized, and scalable data management. By
adopting energy-efficient consensus mechanisms, hybrid storage models, and
lightweight cryptographic techniques, the proposed architecture effectively
addresses the challenges of resource-constrained environments. As IoT
ecosystems continue to evolve, blockchain-based solutions will play a crucial role

in enabling trustworthy and resilient connected systems.
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