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Peer Review Information Abstract
Submission: 23 Feb 2025 Using the Ethereum blockchain for decentralized voting
Revision: 26 March 2025 offers a secure, transparent, and tamper- resistant method
Acceptance: 30 April 2025 for conducting online elections. This application runs on the
Ethereum blockchain network, enabling participants to cast
Keywords their votes and access voting results without needing any
intermediaries. In this approach, votes Once information is
Blockchain stored on the blockchain, it cannot be altered or tampered
DAPP with, ensuring transparency and trust in the recorded
Smart Contract outcomes. Smart contracts are utilized to automate the
Multi-Factor Authentication voting process, ensuring it remains transparent and secure.
The combination of blockchain technology and a
decentralized system delivers a dependable and cost-
efficient solution for conducting fair and trustworthy
elections.

INTRODUCTION

Blockchain is a digital ledger system that operates across a network of computers, allowing
users to record and verify transactions securely and transparently without relying on a central
authority. Its decentralized nature means that data is not stored in one location, making it highly
resistant to tampering or cyberattacks. Originally introduced as the underlying technology for
Bitcoin—the first decentralized cryptocurrency—blockchain has since found applications in
various fields, including finance, healthcare, supply chains, and voting systems.

The system functions by grouping data into "blocks," each of which contains a unique identifier
known as a hash. This hash is derived from the block's contents and connects it to the previous
block, forming a continuous chain. Once a block is added, it becomes nearly impossible to alter
or remove without the agreement of the majority of the network, making the blockchain both
secure and immutable. This guarantees that all information stored on the blockchain is fully
transparent and safeguarded against tampering.As a result, blockchain technology is poised to
transform how we manage and share data by offering a more trustworthy and decentralized
alternative.
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LITERATURE SURVEY

The Online Voting System Using Blockchain requires highly advanced security measures to be
effectively implemented on a global scale. Vaibhav Anasune, Pradeep Choudhari, Madhura Kela
pure, Pranali Shirke, and Prasad Halgaonkar (2024) conducted a survey analyzing previous
voting systems used in various countries and organizations. They emphasized that traditional
voting systems pose threats to security and transparency due to their centralized nature. Since a
single entity controls the entire database, there's a risk of manipulation and data tampering.

A recent meta-analysis on scalable blockchain-based e-voting systems highlighted the
importance of addressing challenges such as authentication, data privacy, transparency,
integrity, and verifiability. While blockchain technology shows promise in resolving these issues,
scalability remains a major obstacle, especially in the context of electronic voting. The study, led
by Uzma Jafar, Mohd Juzaiddin Ab Aziz, Zarina Shukur, and Hafiz Adnan Hussain (2023),
conducted a Systematic Literature Review (SLR) that analyzed 76 research articles published
between January 2017 and March 2022. This review explored key proposals, cryptographic
techniques, verification mechanisms, and implementation strategies. It also evaluated system
performance, identified major challenges, and proposed future research directions for creating
scalable and efficient blockchain-based voting systems.

In another contribution, Mayur Shirsath, Mohit Zade, Riteshkumar Talke, Praful Wake, and
Maya Shelke (2021) highlighted the impact of information technology in transforming various
sectors, including democratic voting. They described e-voting as a modern representation of
democracy but noted that existing research primarily focuses on technical and legal aspects
rather than practical implementation. Many countries, including India, still rely on physical
voting, which can be insecure due to potential manipulation, distant polling stations, and
inadequate facilities.

To address these issues, the authors proposed an internet-based online voting system
supported by blockchain technology. This system uses encryption and hashing to secure
votes, treating each vote as a unique transaction stored in a private blockchain on a peer-to-peer
network. The system is user-friendly and hides technical details from voters, making it accessible
to all. It also allows sufficient voting time and can help increase voter participation. The paper
presents this blockchain-powered e-voting system as an innovative and secure alternative to
traditional voting methods.

METHODOLOGY

Problem Statement:

E-voting systems can enhance democratic participation by improving accessibility, ease of use,

and overall efficiency. Despite these benefits, conventional electronic voting systems often

struggle with concerns surrounding security, transparency, and voter confidence. Blockchain

technology, known for its decentralized, tamper-resistant, and transparent nature, presents a

compelling approach to overcoming these challenges.

The methodology for a Block Chain E-Voting System involves the following steps:

1. Security: The system is designed to offer a secure platform for conducting elections by
preventing vote tampering and ensuring that election outcomes are both transparent and
verifiable.

2. Transparency: It provides voters with full visibility into the voting process, including how
votes are counted and how results are generated, by utilizing a decentralized voting model
based on the Ethereum blockchain.

3. Accessibility: By removing the requirement for voters to be physically present at polling
stations, the system aims to make voting more accessible, potentially boosting voter
participation.

4. Efficiency: The system enhances the efficiency of the electoral process by automating key
steps and removing the need for intermediaries, thereby cutting down on both the time and
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cost traditionally associated with elections.
5. Trust: Through a tamper-resistant and transparent framework for casting and counting
votes, the system seeks to build greater trust in the electoral process.
To successfully design and implement such a system, it is essential to carry out a thorough
requirement analysis. This involves identifying and documenting what the system must achieve,
who the stakeholders are, and the constraints under which it will operate. These requirements
act as a foundational guide throughout the development process and serve as key criteria during
testing and validation.

SYSTEM ARCHITECTURE
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Figure | System Archetecture

The proposed decentralized voting system built on the Ethereum blockchain aims to offer a
transparent and secure method for conducting elections. By utilizing Ethereum smart contracts,
the system facilitates secure, anonymous voting while preserving the accuracy and immutability
of voting records. This approach enhances voter confidence and significantly lowers the chances
of fraud or vote manipulation.

Voter Module - This component is tailored for eligible voters, offering tools to participate in the
election securely and reliably. Key features: a. Voters can log in to the system using unique
credentials to authenticate their identity securely. b. They can view detailed information about
the candidates, such as their names, political affiliations, and other relevant data. c. Voters can
track their vote status and confirm that their selection has been correctly recorded on the
blockchain.

Admin Module - This section is intended for administrators or election officials who are
responsible for managing and supervising the voting system. It includes functionalities to
control and oversee various aspects of the election process. Key features include: a. Admins can
configure system settings, such as defining the voting timeline, handling candidate registrations,
and adjusting other administrative options. b. Administrators have the authority to manually
validate candidates and initiate the voting process.

ALGORITHMS

Hash Functions (e.g., SHA-256)

Cryptographic hashing is like taking a piece of information (e.g., a file, a message, or a vote) and
running it through a special machine that always produces a unique” fingerprint” or” code” for
that information. This code is called a hash. It is hashing algorithm used by bitcoin to secure
transaction and create new block in the blockchain.
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Zero-Knowledge Proofs (ZKPs)

It is a algorithm used for the privacy inhance in the voting process. This is useful in voting to
verify that a vote is valid without disclosing its content. A secure method where one party can
convince another of their knowledge of a value, all while keeping the actual value hidden.

MATHEMATICAL MODEL

Components and Entities:

Voters (V):

A set of registered voters =1, 2,...,V=V1,V2,Vn
Candidates (C):

A set of candidates=1, 2,...,C=C1, C2, Cm,
Blockchain (B):

A public ledger where each transaction (vote) is recorded in an immutable block. Vote
Transaction (T): Each vote cast is a transaction T that includes the encrypted choice of the voter
and a timestamp.

Parameters and Variables:
Public and Private Keys (PK, SK):

Each voter viV has a public key PK i and a private key SK i used for encryption and verification.
Vote, Vi,j : A vote from voter v i for candidate c j, represented as an encrypted transaction.

Blockchain Function () B(T):
A function that adds a transaction T to the blockchain B.

Voting Process Model:

Vote Creation (Encryption):

Each voter encrypts their vote using their private key and a homomorphic encryption function,
= () Vij=E PKi(cj).

Transaction Formation:
The vote, Vi, j is packaged into a transaction T i that includes the encrypted vote, timestamp, and
voter signature. timestamp, signature () T i =V i,j, timestamp, signature (SK i).

Transaction Broadcasting:

Transaction T; is sent to the blockchain network, where it is validated by miners or network
validators D =

Predicted Distance.

P (D—F (S, I, H)) = Probability of distance of extracted features using classifier.

EXPERIMENTAL RESULT

To evaluate the performance and reliability of the proposed blockchain-powered voting system,
we conducted a series of experiments using a prototype built on the Ethereum tested using
smart contracts written in Solidity. The front-end interface was developed using React.js .
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CONCLUSION

Voting systems powered by the Ethereum blockchain offer a strong and transparent framework
for conducting secure elections. Utilizing blockchain technology guarantees vote integrity and
creates a platform that is resistant to tampering. As the system evolves—with advancements in
user experience, scalability, and integration with emerging technologies— it holds the potential
to transform the democratic process. This innovation empowers citizens to engage in elections
with greater confidence and efficiency, marking a crucial move toward fostering a more
transparent, democratic, and accountable society.

FUTURE SCOPE

The future potential of blockchain-based voting systems is highly encouraging, particularly as
the demand for secure digital platforms, enhanced cybersecurity, and transparent democratic
processes continues to grow. Below are some key areas where this technology could further
develop:

Decentralized Autonomous Election Commissions

* In the future, elections may be managed by Decentralized Autonomous Organizations
(DAOs), which would minimize centralized oversight and foster greater public confidence in the
impartiality of election processes.

Smart Contracts to Enforce Voting Protocols

* Smart contracts can be utilized to automatically implement voting procedures, validate
voter eligibility, and count votes, thereby reducing the need for intermediaries and minimizing
human error.

Integration with Blockchain-Based Digital Identity Systems

* Linking the voting system with secure, blockchain-enabled digital identity platforms can
enhance voter authentication and effectively prevent impersonation or fraud.
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