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Abstract: Traditional voting systems, including paper ballots and Electronic Voting Machines (EVMs),
often suffer from issues related to transparency, security, and accessibility, leading to growing public
concerns over electoral integrity. This paper presents a Next-Gen Voting System using Blockchain
Integration to address these critical challenges. By leveraging blockchain’s decentralized, immutable, and
transparent architecture, the proposed system ensures that each vote is securely recorded, tamper-proof,
and verifiable without compromising voter anonymity. End-to-end encryption protects vote transmission,
while a user-friendly interface and real-time monitoring enhance both accessibility and trust. This
approach aims to reduce fraud, boost voter confidence, and offer a scalable, cost-effective solution
adaptable to elections at local, national, or international levels
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I. INTRODUCTION
Elections are the cornerstone of democratic governance, serving as the primary mechanism through which citizens
express their will and influence a nation’s political direction. However, despite technological progress, public trust in
electoral systems is waning—a trend observed not only in India but also in major democracies such as the United States
and Japan. While advancements like Electronic Voting Machines (EVMs) were introduced to enhance voting
efficiency, they have sparked fresh concerns about vote rigging, machine hacking, polling booth capture, and large-
scale manipulation, all of which threaten the legitimacy of democratic processes.Modern elections face a growing
number of vulnerabilities, amplified by the expansion of the digital attack surface. Allegations of tampering and the
lack of verifiable, transparent audit trails have led to declining voter confidence, especially in centralized systems where
citizens must trust opaque processes. These issues are particularly critical in countries like India, where the scale and
diversity of the electorate make secure and inclusive voting even more challenging. Additionally, traditional voting
methods often exclude remote populations, the elderly, people with disabilities, and Non-Resident Indians (NRIs),
making accessibility another key issue.
This paper investigates these challenges and introduces a Next-Gen Voting System using Blockchain Integration,
offering a decentralized, transparent, and tamper-proof approach to electoral participation. By leveraging Ethereum-
based blockchain infrastructure, the proposed system introduces verified digital identities for voters, end-to-end
encrypted voting transactions, and real-time, auditable results—while preserving voter anonymity through secure token
transfers between digital wallets. The goal is to build a system that not only eliminates the risk of vote manipulation by
voters or administrators but also makes voting accessible from any location, without compromising constituency
restrictions
Ultimately, this work aims to deliver a scalable, secure, and transparent voting solution that restores public faith in
democratic institutions and sets a technological foundation for future-ready electoral processes.
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II. LITERATURE SURVEY
The ongoing pursuit of secure and verifiable voting systems has prompted extensive exploration into blockchain
technology as a transformative solution to modern electoral challenges. Traditional voting methods, such as paper
ballots and Electronic Voting Machines (EVMs), have repeatedly demonstrated vulnerabilities ranging from vote
rigging and tampering to limited transparency and accessibility. These issues have catalyzed global research efforts into
decentralized and cryptographically secure alternatives.
A notable early implementation of remote online voting is Estonia’s i-Voting system, launched in 2005, which allows
citizens to cast votes online using government-issued ID cards. Although widely regarded as a pioneering effort, its
centralized design and limited transparency have attracted academic criticism concerning auditability and
administrative  control (Estonian National Electoral Committee. i-Voting System Overview, 2005.
https://www.valimised.ee/en).[1]
In 2018, the MIT Election Security Lab published an influential report titled The Future of Voting: End-to-End
Verifiable Internet Voting, highlighting severe security flaws in internet voting systems. The report warns against
adopting any digital voting infrastructure that lacks voter-verifiable audit trails and independent public auditing
mechanisms (MIT Election Security Lab. The Future of Voting: End-to-End Verifiable Internet Voting, 2018.
https://internetpolicy.mit.edu/research/the-future-of-voting/). [2]
Blockchain-based voting platforms like Voatz emerged in the late 2010s, utilizing biometric verification and
permissioned blockchain frameworks for mobile-based voting trials in the United States. However, a 2020 whitepaper
outlined the system’s limitations in terms of transparency and centralized control, sparking criticism from cybersecurity
researchers (Voatz. Voatz Whitepaper, 2020. https://voatz.com/whitepaper.html). [3]
In contrast, FollowMyVote proposed an open-source, fully auditable voting platform based on blockchain and
cryptographic transparency. Their system conceptualizes tokenized, verifiable votes transferred through digital wallets
while preserving voter privacy (FollowMyVote. Online Voting Technology, 2016. https://followmyvote.com/online-
voting-technology/). [4]
In the Indian context, the Election Commission of India has issued numerous reports on electoral reform,
acknowledging the need for transparent, inclusive, and technologically advanced systems. However, the current
infrastructure lacks scalable verification mechanisms and remote voting support highlighting a gap that blockchain-
based systems are well-suited to fill (Election Commission of India. Statistical Reports, 2019-2024.
https://eci.gov.in/statistical-report/statistical-reports/). [5]
These sources collectively support the argument that blockchain voting systems when implemented with transparent
design, verifiable protocols, and strong privacy safeguards can enhance both the integrity and inclusiveness of
democratic elections globally

I11. PROPOSED SYSTEM

Blockchain Voting Implementation
Smart Contract Design
The proposed blockchain-based voting system leverages the immutability and transparency of blockchain to enhance
electoral processes. A smart contract, written in Solidity, is central to this system, automating critical voting
functionalities. The smart contract is designed to manage voter registration, vote casting, vote tallying, and voter
authentication, thereby ensuring a secure and transparent election process.
The following core functionalities are implemented:
Voter Registration: The contract administrator adds eligible voters to the system. Each registration is recorded on-
chain, ensuring accountability and traceability.
Vote Casting: Each registered voter is allowed to vote once. The smart contract verifies if the voter's address has
already voted to prevent double voting.
Vote Tallying: Votes are counted in real-time and stored directly on the blockchain. Each vote cast increments the vote
count for the corresponding political party.
Voter Authentication: Only addresses whitelisted by the administrator are permitted to vote.
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Smart Contract Logic:
solidity

CopyEdit

pragma solidity ~0.8.0;

contract Voting {
mapping(address => bool) public hasVoted,;
mapping(string => uint) public partyVotes;
address public admin;

modifier onlyAdmin() {
require(msg.sender == admin, "You are not the admin");

>

}

modifier hasNotVoted() {
require('hasVoted[msg.sender], "You have already voted");

>

}

constructor() {
admin = msg.sender;

!

function vote(string memory party) public hasNotVoted {
partyVotes[party]++;
hasVoted[msg.sender] = true;

}

function getVotes(string memory party) public view returns (uint) {
return partyVotes[party];

}

function addVoter(address voter) public onlyAdmin {
// Logic for adding voter to whitelist
§
}

The administrator is responsible for managing the voter list and ensuring the enforcement of a one-vote-per-person
policy.

Smart Contract Deployment

The smart contract will be deployed on a public Ethereum test network, such as Goerli or Sepolia. Deployment and
contract interactions will be facilitated using Ethers.js, which enables seamless communication between the frontend
interface and the Ethereum network.

Frontend Implementation
The frontend is developed using HTML, CSS (TailwindCSS), and JavaScript to provide an intuitive and user-
friendly interface. The interface includes three key components: the Login Panel, Voting Dashboard, and Admin
Panel.
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Login Panel

Users initiate the authentication process by entering their Voter ID and Password. A second layer of authentication is
enforced using a One-Time Password (OTP), enhancing system security. Upon successful verification:

The voter is redirected to the Voting Dashboard.

If the voter has already cast a vote, a modal popup is displayed indicating restricted access to result viewing only.

Voting Dashboard

This panel provides voters with the ability to view party options and cast their vote. Once a vote is submitted, the
"Vote" button is disabled for that user to enforce the single-vote policy. Real-time results are displayed via a
dynamically updating progress bar, offering transparency.

Vote Casting Logic:
javascript
CopyEdit
functioncastVote(partyName) {
if (currentUser.hasVoted) {
showModal(); // Show "You've already voted" popup
return;
§
contract.methods.vote(partyName).send( { from: currentUser.address })
.then(() => {
currentUser.hasVoted = true;
updateResults();
renderParties();
alert("Vote successfully cast for " + partyName);
1)s
}

Admin Panel

A separate interface is available for administrative use. Admin users authenticate using credentials and gain access to
the following functionalities:

Approve/Reject Voter Requests: Admins manage the list of registered voters.

View Votes in Real-Time: The admin can monitor vote tallies as they are updated on-chain.

Suspicious Activity Detection: Unusual voting patterns can be flagged and reviewed.

Admin Functionality:
javascript
CopyEdit
functionapproveVoter(voterAddress) {
contract.methods.addVoter(voterAddress).send({ from: adminAddress })
.then(() =>alert("Voter Approved"));

}

functiontrackVotes() {
// Fetch live vote counts from the contract and display on Admin Panel

}
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Integration with MetaMask and Ethers.js

To enable secure and decentralized interactions, the system integrates MetaMask for wallet connectivity. This ensures
that only verified and authenticated users can interact with the smart contract. Ethers.js serves as the bridge between
the frontend and the Ethereum blockchain, enabling operations such as voting, fetching results, and managing voter
lists.

IV. TOOLS, LANGAUGES& TECHNOLOGY USED
Implementation
The implementation of the proposed system is carried out using a modular approach that incorporates both web
technologies and blockchain components. The system is deployed on the Ethereum blockchain, and smart contracts are
used to enforce voting rules, prevent double voting, and count votes transparently.

Technology Stack
e Frontend: React]S and Tailwind CSS for building a modern, intuitive user interface.
e Backend: Node.js and Express.js to handle API calls and server-side operations.
e Blockchain Platform: Ethereum (Testnet or Ganache for local deployment).
e Smart Contracts: Written in Solidity to manage candidates, votes, and result computation.
e  Wallet Integration: MetaMask is used to authenticate users and sign transactions.
e Database: MongoDB (used temporarily to store non-sensitive metadata during sessions).

B. System Modules

a. Voter Registration and Authentication

Eligible voters are registered by the admin and are required to authenticate using their MetaMask wallet or OTP-based
login. Each wallet address is uniquely mapped to a registered voter.

b. Voting Interface

Upon login, voters access a personalized dashboard listing the candidates. Once a vote is cast, a transaction is recorded
on the blockchain, and the voter's access is revoked to prevent repeat voting.

c. Admin Panel

The admin module allows for voter verification, candidate management, and real-time election monitoring. Admins can
view transaction logs, vote counts, and system activity through a secure backend interface.

d. Smart Contract Integration

Smart contracts automate:

Voter eligibility checks

Vote validation and casting

Token transfers (votes) from voters to candidates

Vote counting and result generation

Once deployed, these contracts operate autonomously and cannot be modified, ensuring trust and consistency
throughout the voting process.

C. Interface Features

Login Page: Provides MetaMask wallet or OTP-based access to the system.

Voting Dashboard: Displays candidate information and voting status.

Confirmation Dialog: A pop-up confirms vote submission and disables further voting.
Real-Time Display: Voting progress and totals are updated live for transparency.

D. Security Considerations
Security is enforced at multiple levels:
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Blockchain ledger ensures immutability.

Encrypted vote transactions prevent interception or tampering.

Audit trails are publicly accessible for post-election verification.

Offline voting support is planned for low-connectivity regions using temporary caching mechanisms with blockchain

sync.
Voter Admin
+String voterlD
1D
+String password ~SHing admn
+bool hasVoted
+approveVoter(voter: Voter)
) +rejectVoter(vater: Voter)
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*vote(party: Pary) +detectFraud()
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"displays”
Party
+String name
+8tring logo
+vote()
Fig. UML Diagram
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Fig. Flowchart
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Next-Gen Voting System using
Blockchain Integration
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Connect this website with MetaMask. Learn more

$0.00 USD
@ 0 ETH

Connect Your Wallet

Please connect your Ethereum wallet to
continue.

[ Connect MetaMask [eEhi]

Connect

Fig. Metamask

DOI: 10.48175/IJARSCT-25720

7 1SN\
| 2581-0429 |}

129



IJARSCT

IJ AR SCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal

ISSN: 2581-9429 Volume 5, Issue 9, April 2025 Impact Factor: 7.67

VOTE

Next-Gen Voting System using
Blockchain Integration

Voter Login Admin Login

Voter ID
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Login

123456
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Verify OTP

Fig. OTP

vore Blockchain Voting System Wallet: Oxfed1..79a3

Cast Your Vote Securely

Your vote is encrypted and stored securely on the blockchain, ensuring complete transparency and security.

Fig. Voters Page with connected voters wallet address
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You can’t vote again, but you can still view the
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Fig. Pop-up if voter casts vote
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vore Admiin Dashboard Wallet: Oxfed1..79a3

Voter Approval Requests Admin Control Panel
Voter ID Wallet Address Status Action AddiNewVoter
shrutz 0x1234..5678 Fench

vedya 0x9876..5432 iy Add Voter

Election Controls

Start Election

End Election

Voting Statistic Recent Activities af

End Election
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Total Registered Voters Votes Cast Voter Participation Voter registration: “shrutz" added to whitelist
10 minutes ago
2 0 0%
Login attempt: “vedya" from IP 198.51.100.123
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Shivsena ES 0votes
System: Election started by Admin
BIP 0 votes SOt a0
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INC 0votes
Shivsena - UBT 0votes

Fig. Admin Panel

VI. CONCLUSION
In an era where electoral integrity is paramount, the implementation of a blockchain-based voting system presents a
transformative solution. By integrating blockchain technology with smart contracts, Ethers.js, and MetaMask, this
system ensures secure, transparent, and tamper-resistant elections. The enforcement of the one-person-one-vote rule,
along with real-time monitoring via the Admin Panel, addresses long-standing challenges in traditional voting systems.
Ultimately, this approach not only enhances trust and accountability but also lays the groundwork for a more inclusive
and resilient democratic process. As we move toward digital transformation, such innovations hold the potential to
redefine how societies engage in and protect democratic participation.
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