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Abstract: Secure and transparent voting systems are important for maintaining trust in democratic elections. Traditional voting
methods often face challenges such as fraud, vote manipulation, and security risks, which can reduce the fairness and reliability
of the election process. Blockchain technology provides a modern solution to these problems because of its decentralized, secure,
and tamper-proof nature. This paper presents the design and implementation of a blockchain-based voting system that uses key
blockchain features such as decentralization, transparency, immutability, and cryptographic security. The system is developed to
protect voter privacy, ensure election integrity, and securely record votes without the risk of tampering. By eliminating
centralized control and enabling transparent vote verification, the proposed system reduces the chances of fraud and
unauthorized changes. The study highlights how blockchain technology can improve the security, reliability, and transparency
of digital voting systems, making elections more trustworthy and efficient.
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L. INTRODUCTION

In today’s digital world, maintaining trust and fairness in elections has become very important. Traditional voting systems, whether
paper-based or electronic, often face problems such as vote tampering, fraud, lack of transparency, and security risks. Since most
existing systems are centrally controlled, they can become targets for hacking or manipulation. Voters also do not have a clear way
to confirm whether their votes have been recorded and counted correctly, which can reduce confidence in the election process.
Blockchain technology offers a modern and reliable solution to these challenges. A blockchain is a decentralized digital ledger that
stores information securely across multiple computers. Once data is added to the blockchain, it cannot be changed or deleted,
making the system highly secure and transparent. In a blockchain-based voting system, every vote is stored as a secure digital record
and verified by the network, reducing the possibility of fraud or unauthorized changes.
One of the major benefits of blockchain voting is its strong security, which is achieved using cryptographic methods. It also
improves transparency because voting records can be verified without revealing the identity of voters. This increases voter trust and
ensures fairness in the election process. Another advantage is that it supports remote voting, making it easier for people to vote from
different locations and increasing overall participation.
The main aim of this project is to design and develop a blockchain-based voting system that overcomes the limitations of traditional
voting methods. By using blockchain technology, smart contracts, and an easy-to-use interface, the system provides a secure,
transparent, and dependable platform for digital voting. This approach helps improve trust, accuracy, and integrity in the electoral
process.

1. LITERATURE REVIEW
In 2025, Pawar and Sherje studied blockchain-based digital voting systems and explained that traditional electronic voting systems
often face security risks because they are centrally controlled and less transparent. According to their research, blockchain
technology can help in creating tamper-proof records of votes and make the election process more transparent and trustworthy.
However, they also mentioned that implementing blockchain voting on a large scale may create challenges related to
scalability and ease of use [1].
Similarly, Dhakar et al. proposed a blockchain-based e-voting system to reduce issues like vote manipulation and weak auditing
processes in conventional voting methods. Their system used a multi-layer architecture that combines blockchain technology with
biometric authentication and zero-knowledge proofs. This approach improves voter privacy, identity verification, and overall
security of the election system [2]. The researchers also emphasized that blockchain can reduce dependence on centralized
authorities and increase trust in elections [1], [2].
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In another study published in the Journal of Cloud Computing in 2024, researchers introduced a confidential and verifiable
electronic voting scheme based on blockchain technology. The proposed system focused on protecting voter anonymity and
maintaining ballot confidentiality. The researchers integrated the InterPlanetary File System (IPFS) with blockchain to improve data
storage efficiency and strengthen vote verification processes [3]. Their work showed that blockchain can provide transparent and
secure election records while still protecting voter privacy [2], [3].

Earlier, Pavan et al. highlighted that traditional electronic voting systems are vulnerable to tampering because of centralized control
and weak security mechanisms. Their research demonstrated that blockchain technology can provide immutable storage of votes
and transparent verification of election results, which increases public trust in digital voting systems [4]. Similar views were shared
by Nandimath and Mandape, who stated that decentralization and immutability are major advantages of blockchain-based voting
systems [5].

Nandimath and Mandape further discussed the limitations of centralized election authorities, which may sometimes lead to vote
manipulation and reduced public confidence in election outcomes. Their study explained that blockchain technology enables secure
vote counting, data immutability, and decentralization, making voting systems more reliable and secure than traditional methods
[5]. Their findings were supported by the studies of Pawar & Sherje and Pavan et al., who also emphasized the importance of
transparency and secure verification in blockchain-enabled voting systems [1], [4], [5]

Another important contribution was made by Prashanth et al., who reviewed different blockchain-based e-voting systems and
identified challenges related to transparency, integrity, voter privacy, and scalability. Their study concluded that although
blockchain improves trust and transparency in elections, advanced cryptographic techniques and scalable blockchain networks are
necessary to support large-scale elections securely [6]. The researchers also suggested that combining blockchain with technologies
like zero-knowledge proofs and distributed storage systems can further improve the efficiency and reliability of electronic voting
systems [2], [3], [6].

1. MOTIVATION

The main motivation behind this research is to overcome the problems faced by traditional voting systems, such as vote
manipulation, lack of transparency, and dependence on centralized authorities. In many conventional voting methods, all election
data is controlled by a single authority, which increases the chances of fraud, data tampering, and mistrust among voters.
Blockchain technology offers a secure and decentralized way to manage voting data. It stores information in a digital ledger where
recorded votes cannot be changed or deleted. This ensures transparency and makes the voting process more secure and reliable.

The proposed system combines blockchain technology with smart contracts and secure voter authentication methods to ensure that
each person can vote only once and that all votes are counted fairly. It also allows transparent verification of election results,
reducing the possibility of manipulation or unauthorized changes. The purpose of this project is to develop a secure, transparent, and
trustworthy digital voting system that can improve the integrity of elections and increase public confidence in the democratic
process.

IV.  SYSTEM ARCHITECTURE
The proposed blockchain-based voting system is developed to provide a secure, transparent, and reliable voting process. The system
consists of four main components that work together to allow users to vote safely and verify election results.

A. Voter Interface

The voter interface is designed to provide an easy and user-friendly experience for voters. Through this interface, users can register
themselves, connect their blockchain wallet, view candidate details, and cast their votes securely. The interface is simple to use, so
even users with little knowledge of blockchain technology can participate in the voting process without difficulty.

B. Flask Web Application

The system uses a Flask-based web application to connect the user interface with the blockchain network. Flask handles
communication between users and the blockchain by processing requests related to voting activities. It is also responsible for voter
authentication, displaying candidate information, interacting with smart contracts, and retrieving election results from the
blockchain.
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C. Ethereum Smart Contracts
Smart contracts deployed on the Ethereum blockchain manage the main voting operations of the system. These contracts
automatically enforce voting rules such as allowing only one vote per voter, verifying voter eligibility, securely recording votes, and
preventing duplicate voting. Since smart contracts cannot be modified after deployment, they ensure fairness and security
throughout the election process.

D. Blockchain Network (Ganache)

The blockchain network used in this project is Ganache, which is a local Ethereum testing environment. Ganache helps developers
test and deploy smart contracts in a secure and controlled setup. Every vote is stored as a transaction on the blockchain,
ensuring transparency, secure data storage, and protection against tampering or unauthorized changes.

1) Workflow of the System

~ System Workflow

User Registration /
Wallet Setup (Optional)

l

Access Voting
Interface

l

Vote Casting ‘

1

‘ Smart Contract ’

Interaction

1
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Fig no 1: System Workflow Flowchart

2) System Workflow

The working process of the system starts with voter registration and wallet setup. In this step, voters connect their Ethereum wallet,
such as MetaMask, or use a private key through the application interface. Every wallet address acts as a unique digital identity,
which helps in identifying each voter separately and securely. After completing the registration process, the voter can access the
voting portal developed using the Flask web framework. To log in securely, the voter enters the wallet address and authenticates the
transaction using the private key.

Once authenticated, the voter selects a preferred candidate from the list of available candidates and casts the vote. After the vote is
submitted, a blockchain transaction is created and digitally signed using the voter’s private key. This ensures that the vote is genuine
and cannot be altered by unauthorized users. The signed transaction is then sent to the smart contract deployed on the Ganache
blockchain network. The smart contract checks whether the voter has already voted using the wallet address. If the voter has not
voted earlier, the vote is accepted and recorded on the blockchain. At the same time, the wallet address is marked as “voted” to
prevent duplicate voting. If the voter has already cast a vote, the transaction is rejected automatically.

After successful verification, the vote is permanently stored on the blockchain. Since blockchain data cannot be modified or deleted,
the voting records remain secure, transparent, and tamper-proof. Finally, the election results can be viewed by administrators or
users, as the vote counts are directly retrieved from the blockchain network, ensuring accuracy, transparency, and reliability in the
entire voting process.
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V. METHODOLOGY

BLOCKCHAIN VOTING

[ Verify Voter ID} [Voting Interface ]

Verify ID
Blockchain

Fig no 2: Block Diagram of “Design and Implementation of Blockchain-Based Secure Voting Mechanism”

The block diagram represents the overall architecture and working of the blockchain-based voting system. The system is designed
to provide secure voter authentication and safe vote recording using blockchain technology and smart contracts. The complete
process is divided into three main stages: voter verification, vote casting, and result calculation.

In the first stage, the voter enters their VVoter ID or wallet address through the verification page. The system then communicates
with the Voting ID smart contract to obtain voter information such as the voter’s name, voter 1D, date of birth, and validity status.
Based on this information, the system checks whether the voter is registered and eligible to participate in the election.

Once the verification is completed successfully, the voter is directed to the voting page. Here, the list of candidates or proposals is
retrieved from the Voting smart contract and displayed on the screen. The voter selects the preferred candidate and submits the vote
using their wallet address and private key. The private key is used to securely sign the transaction, which confirms the
authenticity of the vote.

After the transaction is signed, it is sent to the blockchain network. The smart contract then validates and permanently records the
vote on the blockchain. Since the data stored on the blockchain cannot be changed or deleted, the voting process remains secure and
tamper-proof.

Finally, the results section collects the vote counts directly from the blockchain network and displays them to users or
administrators. This ensures transparency, accurate vote counting, and reliability throughout the election process.

VI. IMPLEMENTATION TECHNOLOGIES USED
Technology Purpose
Ethereum Blockchain platform

Smart Contracts Voting logic

Ganache Local blockchain
network

Flask Web interface

Web3.py Blockchain interaction

The Flask-based interface provides an easy and user-friendly platform for voters to interact with the blockchain voting system.
Through this interface, users can complete registration, cast their votes securely, and view election results in a simple and efficient
manner. The implementation of the blockchain-based voting system shows how decentralized technology can make the election
process more secure, transparent, and reliable. By using smart contracts on a local Ethereum blockchain network called Ganache,
the system ensures that each wallet address is allowed to vote only once, which helps prevent duplicate or fake voting.
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Every vote cast by a voter is stored securely on the blockchain. Since blockchain data cannot be modified or deleted, the voting
records remain safe, permanent, and tamper-proof. The system also includes a Flask-based web application that provides a simple
and user-friendly interface, allowing users to cast votes and check election results easily.

The project successfully demonstrates important features such as secure voter authentication, transparent vote recording, protection
against vote tampering, and real-time result tracking through the blockchain. Overall, the system highlights how blockchain
technology can be used to develop secure and trustworthy digital voting solutions for future elections.

VII. RESULTS AND DISCUSSION
The implementation of the blockchain-based voting system shows how decentralized technology can make the election process
more secure, transparent, and reliable. By using smart contracts on a local Ethereum blockchain network called Ganache, the
system ensures that each wallet address is allowed to vote only once, which helps prevent duplicate or fake voting.
Every vote cast by a voter is stored securely on the blockchain. Since blockchain data cannot be modified or deleted, the voting
records remain safe, permanent, and tamper-proof. The system also includes a Flask-based web application that provides a simple
and user-friendly interface, allowing users to cast votes and check election results easily.
The project successfully demonstrates important features such as secure voter authentication, transparent vote recording, protection
against vote tampering, and real-time result tracking through the blockchain. Overall, the system highlights how blockchain
technology can be used to develop secure and trustworthy digital voting solutions for future elections.

Blockchain Voter ID Portal

Secure, decentralized system for issuing and verifying voter IDs, and voting transparently.

Issue Voter ID Verify Voter ID Vote
== (o

Fig no.3 Blockchain Voter ID Portal

Issue Your Voter ID

Figno 4: Voter ID Issue

Issue Your Voter ID

Voter ID Issued Successfully!

Figno 5: Scanner to Issue VVoter 1D
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Voter ID Verification

Name: Ram

Date of Birth: 2001-01-01
Voter ID: VID-12345
Status: [ Valid

Back to Home

Figno 6 : Voter ID Verification

Verify Voter ID

Enter your Voter ID or scan the QR code to verify the authenticity of your ID on the blockchain.

98765

R

Scan QR Code

Figno 7 : Voter ID Verification by entering Voter ID & Scanning QR code

Blockchain Voting System

Cast Your Vote

:
= =
Fig no 8: Vote Casting
Blockchain Voting System
Cast Your Vote
| 1. Narendra Modi [ W vote
2. Rahul Gandhi

Your Voter Credentials
Wallet Address

0x3e39ChSbBBIe1F3be08h20e9E0CO2849C7D7AbAI

Private Key

Ready to submit!

~ Back to Home

Figno.9: Vote Submission
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Live Voting Results

Below are the current vote counts for each candidate/proposal.

1 " Narendra Modi

2 #2 Rahul Gandhi

Figno.10: Live Voting Results

VIIL. LIMITATIONS
1) Blockchain systems may face scalability issues in large elections with many voters.
2) Public blockchain networks can involve high transaction costs.
3) The voting system depends on stable internet connectivity.
4) Managing wallets and private keys can be difficult for some users.
Despite these challenges, blockchain provides a secure and transparent solution for digital voting.

IX. FUTURE SCOPE
The system can be further improved by adding secure wallet authentication methods, which would remove the need for users to
manually enter private keys and make the system easier to use. The project can also be deployed on a public blockchain test network
instead of a local network like Ganache to test its performance in real-world conditions. In addition, a real-time vote visualization
dashboard can be introduced to display live election results and improve transparency for users. These improvements can make the
voting system more practical, efficient, and suitable for use in organizations, institutions, and future digital election systems.

X. ~ CONCLUSION
The proposed system is designed to provide a secure, transparent, and reliable digital voting process using blockchain technology.
In this system, only authorized users with valid on-chain voter IDs are allowed to participate in the election, which helps ensure
proper voter authentication and prevents unauthorized access. Each vote is securely recorded on the blockchain using cryptographic
techniques. Once a vote is stored, it cannot be changed or deleted, making the voting data tamper-proof and highly reliable. This
helps maintain the integrity and accuracy of election records. The system also supports real-time vote counting, allowing both users
and administrators to view election results transparently. By using Ethereum smart contracts and Web3 technologies, the system
ensures decentralized and secure management of voting data throughout the election process. Overall, the proposed blockchain-
based voting system increases security, transparency, and trust in digital elections while reducing the chances of fraud or
manipulation.
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