
 

 

 

© 2025 IJSRET 
2844 

 

International Journal of Scientific Research & Engineering Trends                                                                                                         
Volume 11, Issue 2, Mar-Apr-2025, ISSN (Online): 2395-566X 

 

Block Chain Based Secured Privacy Preserved Frame 

Work for Smart Cities 
1
 E.Ezhilprasath, 

2
R.Priya Anand 

1,2,3Final Year Student, 4Guide,MCA 

Department of Computer Applications-PG 

VISTAS,Chennai-India 

1dhineshkumar62062@gmail.com, 2Priyaa.research@gmail.com

 
Abstract- Smart cities are changing fast with the addition of IoT, cloud computing, and AI. Yet, the higher connectivity also 

translates into important security and privacy issues. This paper suggests a blockchain-based architecture to provide safe, 

decentralized data management and privacy protection in the context of smart cities. The architecture leverages distributed 

ledger technology, smart contracts, and encryption schemes to implement transparency, immutability, and selective privacy for 

city-scale applications like smart grids, healthcare, and traffic. We illustrate the effectiveness of the architecture using a 

prototype deployment and compare its performance in terms of latency, throughput, and security. 
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I. INTRODUCTION: 

Smart cities are a paradigm change in urban 

planning that is spurred on by the incorporation of 

Internet of Things (IoT) devices, artificial 

intelligence (AI), cloud computing, and big data 

analytics into public infrastructure. The aim of 

smart cities is to enhance citizens' quality of life 

through effective management of resources, real-

time delivery of services, and smart decision-

making. Applications cover a wide range of sectors 

including transportation, energy, healthcare, 

governance, waste management, and public safety. 

Yet, the extensive use of sensors and digital 

platforms in smart cities produces massive amounts 

of sensitive data, such as personal, behavioral, and 

infrastructural data. Protecting this data securely 

while maintaining citizen privacy is a tall order. 

Conventional centralized designs are plagued by 

single points of failure, susceptible to cyber attacks, 

and generally lack transparency and user control of 

data sharing and ownership. Additionally, current 

regulatory frameworks (e.g., GDPR) place strict 

requirements on data privacy and user consent, 

further complicating matters. 

Blockchain technology has come forward as a 

potential solution to these issues. As a decentralized 

and tamper-proof ledger system, blockchain 

provides data integrity, transparency, and tamper 

resistance without the need for a central authority. 

Its ability to run programmable logic by means of 

smart contracts allows for automated enforcement 

of data access rules and identity verification 

procedures. By integrating blockchain with more 

sophisticated cryptographic tools—like zero-

knowledge proofs, attribute-based encryption, and 

differential privacy—citizens can maintain control 

over their personal information while allowing 

secure and auditable data exchange among different 

stakeholders. 

In its potential, direct integration of blockchain into 

smart city infrastructure is not trivial. Scalability, 

latency of transactions, interoperability with 

existing systems, and the energy cost of consensus 

protocols are some of the challenges that need to be 

met. Moreover, heterogeneity in smart city services 

and actors demands a policy-aware, modular, and 

adaptable architectural style. 

This paper contributes a universal blockchain-based 

secure and privacy-preserving framework 
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specifically designed for smart cities. The 

envisioned architecture uses permissioned 

blockchain networks, privacy-preserving access 

control, and off-chain storage solutions to strike an 

optimal balance between performance, security, and 

privacy. Various real-world applications such as 

smart healthcare, traffic management, energy 

trading, and e-governance are discussed to illustrate 

the utility and resilience of the framework. The 

system is analyzed based on scalability, latency, 

privacy assurance, and resistance to standard 

attacks. 

II.  LITERATURE SURVEY: 

The convergence of blockchain technology and 

smart city infrastructure has been a major area of 

interest for academics and industries in recent 

years. This section summarizes the state-of-the-art 

in blockchain applications for smart cities, with an 

emphasis on three key areas: (A) data security and 

privacy, (B) domain-specific blockchain 

implementations, and (C) limitations in current 

frameworks. 

A. Data Security and Privacy in Smart Cities 

Security and privacy are basic issues in the smart 

city infrastructure, where heterogenous data is 

gathered, processed, and transmitted among various 

entities. Centralized servers and access control 

policies employed by conventional techniques are 

susceptible to data leakage and unauthorized 

usage.To address these risks, decentralized identity 

management and encrypted data sharing schemes 

have been suggested by researchers. In [1], a 

blockchain-based identity management system was 

proposed to provide users with self-sovereign 

control of their digital identities. Zyskind et al. [2] 

also suggest a decentralized personal data 

management system based on blockchain and off-

chain storage to offer users transparency and 

control.Yet, most of them do not have granular 

access control or suffer from performance 

bottlenecks as a result of public blockchain 

limitations. 

  

B. Blockchain Applications in Smart City Domains 

Smart Healthcare:Blockchain has been employed 

for secure sharing of health data, maintaining data 

integrity, traceable access, and management of 

patient consent. Yue et al. [3] proposed a healthcare 

data gateway based on Ethereum smart contracts to 

provide secure interactions between third parties, 

hospitals, and patients.Smart Energy and Grid 

Management:Blockchain supports peer-to-peer 

energy trading, transparent billing, and grid 

stability. Kang et al. [4] designed a consortium 

blockchain-based energy trading platform that 

provides secure communication and traceable 

transactions. Smart Transportation and Mobility:In 

transportation, blockchain supports secure vehicle-

to-verything(V2X)communication, real-time 

congestion pricing, and shared mobility services. 

Dorri et al. [5] introduced a lightweight blockchain 

framework for smart vehicles with an emphasis on 

privacy and communication security. 

  

E-Governance:Government processes like voting, 

licensing, and record-keeping are enhanced by the 

transparency and immutability of blockchain. In 

[6], a blockchain-based voting system was 

suggested to minimize electoral fraud and increase 

trust. 

C. Drawbacks of Current Frameworks Although a 

plethora of use-case-specific solutions are available, 

most of them have one or more of the following 

downsides:Scalability Problems: Public 

blockchains like Ethereum tend to have slow 

throughput and high latency, making them not very 

practically applicable in real-time.Privacy 

Restrictions: Most blockchain frameworks offer 

transparency in terms of a loss of privacy, such that 

selective disclosure of sensitive information is hard 
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to impose. Interoperability Issues: Existing 

solutions tend to be isolated and do not offer 

standard interfaces for integration between 

platforms.Energy Consumption: PoW consensus 

protocols, while secure, are power-hungry and not 

eco-friendly for extensive application in smart 

cities. 

D. Research Gap and Motivation Although many 

studies have demonstrated the potential of 

blockchain for enhancing trust and security in smart 

cities, a unified and extensible framework that 

integrates modular privacy-preserving features, 

policy-based access control, and interoperability 

across multiple urban domains is still missing.This 

paper addresses this gap by proposing a 

comprehensive, secure, and privacy-preserving 

blockchain-based architecture that accommodates 

multiple smart city services while overcoming the 

limitations of existing approaches. 

  

  

III.  PROPOSED SYSTEM: 

This section introduces the architecture and 

working process of the discussed blockchain-based 

secure and privacy-preserving system for smart 

cities. The system is proposed to enable 

decentralized, scalable, and modular support for a 

wide range of smart city applications and ensure 

secure data sharing, access control, and 

preservation of privacy. 

A. System Overview 

 The system has four primary layers: 

 Perception Layer 

 Network & Communication Layer 

 Blockchain Layer 

 Application & Service Layer 

Every layer has a vital role to play in secure and 

privacy-conscious operation of the smart city 

infrastructure. 

B. Architecture Diagram 

(Place a detailed architecture diagram here) 

The architecture safeguards the data flow from edge 

devices to distributed processing and finally to the 

application interfaces without compromising 

privacy and security at each step. 

C. Layered Design 

1) Perception Layer 

This is the data collection layer made up of a large 

array of sensors, actuators, IoT, surveillance 

systems, and user interfaces. It aggregates real-time 

environment, personal, and operational information 

pertaining to smart city domains of traffic, health, 

energy, and public safety. 

Example Devices: Smart meters, CCTV cameras, 

wearable health monitors. 

Security Feature: Device authentication using 

blockchain-registered identities. 

2) Network & Communication Layer 

This layer sends information to decentralized nodes 

through secure channels of communication utilizing 

5G, Wi-Fi, or LPWAN technologies. Edge nodes at 

this layer carry out preliminary filtering, 

aggregation, and anonymization of data before 

forwarding it to the blockchain layer. 

Uses TLS/SSL, VPN tunnels, or quantum-resistant 

encryption for secure information transmission. 

Edge computing reduces latency and bandwidth 

consumption. 

3) Blockchain Layer 

This is the essence of the suggested system. It 

features a permissioned blockchain (e.g., 
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Hyperledger Fabric or Quorum) and uses smart 

contracts, identity management, access controls, 

and data integrity mechanisms. 

Key elements:Consortium Network: Participants 

(e.g., hospitals, utility companies, municipal 

entities) are authenticated nodes within the 

blockchain network. 

Smart Contracts: Establish conditionally-based 

logic for access permissions, data-sharing 

arrangements, and automation of inter-agency 

workflows. 

Data Privacy Modules: 

Attribute-Based Encryption (ABE): Provides 

selective disclosure on the basis of user attributes. 

Zero-Knowledge Proofs (ZKP): Prove identities or 

credentials without exposing sensitive information. 

Differential Privacy: Makes data analysis non-leaky 

for individual-level information. 

Off-chain Storage: In the case of heavy multimedia 

or sensor data, a hybrid strategy is followed where 

hash digests are kept on-chain and content itself 

stays in secure off-chain databases (e.g., IPFS or 

cloud). 

4) Application & Service Layer 

This layer allows different smart city services to 

communicate with the underlying blockchain 

infrastructure using secure APIs or user-level 

applications. 

Supported Use Cases: 

 Smart sharing of healthcare records 

 Smart traffic control systems 

 Dynamic energy trading and billing 

 Digital identity and document verification 

 Emergency response coordination 

D. Operational Workflow 

 Data Generation: Raw data is captured by IoT 

devices and transmitted to edge nodes. 

 Data Preprocessing: Edge nodes encrypt or 

anonymize data before passing it on. 

 Blockchain Ingestion: Smart contracts 

authenticate and store metadata/hashes on 

blockchain. 

Access Requests: Stakeholders ask for data through 

smart contracts. 

Authorization & Logging: Access is authorized 

based on identity, attributes, and policy. Everything 

that is accessed is stored immutably for auditing. 

Data Retrieval: Off-chain data is fetched securely as 

required using encrypted keys. 

1.1 Architecture 

  

Figure 1: Flow Chart 

Architectural Layers 
A. Device Layer (Perception Layer) 

 Components: Sensors, IoT devices, actuators. 

Function: Collect real-time data (e.g., traffic, 

pollution, energy consumption). 



 

 

 

© 2025 IJSRET 
2848 

 

International Journal of Scientific Research & Engineering Trends                                                                                                         
Volume 11, Issue 2, Mar-Apr-2025, ISSN (Online): 2395-566X 

 

Security/Privacy Mechanisms: 

Lightweight cryptography. 

Device authentication and ID management. 

B. Edge/Fog Computing Layer 

Components: Edge gateways, fog nodes. 

Function:Preprocessing of raw IoT data. 

Local decision-making and latency 

reduction.Privacy filtering (e.g., removing PII 

before blockchain upload). 

Security/Privacy Mechanisms:Secure local 

storage.Privacy-preserving data aggregation (e.g., 

homomorphic encryption, differential privacy). 

  

  

C. Blockchain Layer 

Type: Consortium or Permissioned Blockchain 

(e.g., Hyperledger Fabric, Quorum). 

Function:Immutable logging of events and 

transactions.Decentralized identity and access 

control.Smart contract enforcement for policy and 

governance. 

Security/Privacy Mechanisms:Zero-Knowledge 

Proofs (ZKP).Ring signatures or group 

signatures.Selective disclosure via Decentralized 

Identifiers (DIDs). 

D. Application Layer 

Components: Smart city services like:Smart energy 

grid.Intelligent transportation systems.Smart 

healthcare. 

Function:User interaction and analytics.Visualization of 

blockchain-verified data. 

Security/Privacy Mechanisms:User consent and data 

sharing control.Attribute-Based Access Control (ABAC). 

E. Cloud/Big Data Layer (Optional) 

Function:Long-term storage.Machine learning and 

analytics on anonymized data. 

Security/Privacy Mechanisms:Federated 

learning.Encrypted data storage and computation. 

3. Communication Protocols 

M2M and M2B (Machine-to-Machine and 

Machine-to-Blockchain) via:MQTT/CoAP for 

IoT.REST/HTTPS for Blockchain API. 

Secure Channels: TLS, VPN, or blockchain-

specific protocols. 

4. Smart Contract Use CasesAccess Control 

Management 

Incentive Management (e.g., for data 

sharing)Service-Level Agreements 

(SLAs)Automated Compliance Monitoring 

  

5. Key Technologies 

Layer Technology 

Device Arduino, Raspberry Pi, LoRaWAN 

Edge NVIDIA Jetson, Intel NUC 

Blockchain 
Hyperledger Fabric, Ethereum, 

IPFS 

Privacy 
zk-SNARKs, Homomorphic 

Encryption 

Identity SSI, DID, OAuth 2.0 
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Module Diagrams. 

 User Interface Design. 
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