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Abstract - Blockchain technology has emerged as a practical
solution for secure and transparent digital voting systems.
Traditional voting systems, especially online voting methods,
often face security risks like hacking, tampering, and vote
manipulation. Maintaining voter anonymity and ensuring data
integrity are also major challenges. Blockchain, with its
distributed and unchanged able ledger, offers solutions by
providing a secure and decentralized way to record votes. This
paper looks at the structure, implementation, and bene f its of a
blockchain-based online voting system that uses blockchain’s
security features to improve the voting process. By using
cryptographic methods and decentralized data storage, the
system boosts transparency, lowers fraud risks, and makes sure
votes are unchangeable. The proposed system includes steps for
voter registration, vote casting, and result verification, all secured
by smart contracts. Experimental results show that blockchain
can keep voter anonymity, resist tampering, and provide a
traceable voting record. The study also discusses challenges in
scalability, timing, and following guidelines, offering ideas for
improvements and future efforts. Overall, the research suggests
that blockchain-based voting could change electoral pro cases,
providing a reliable digital voting option that supports
democratic values.
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1.INTRODUCTION

The introduction to blockchain-based voting explores the
limitations of current voting methods and presents blockchain as
a transformative solution for securing and modernizing electoral
processes. Voting, being a cornerstone of democracy, must
ensure trust, transparency, and integrity. While traditional paper-
based voting is widely regarded as secure, it suffers from
logistical challenges, slow result processing, and high operational
costs. In contrast, digital voting systems promise greater
accessibility and efficiency but are plagued by cybersecurity
threats, such as hacking, insider manipulation, and unauthorized
access, which can erode public trust. Blockchain technology
offers a compelling alternative by leveraging its decentralized
and immutable nature to enhance the security and transparency
of the voting process. With data distributed across multiple
nodes, the risk of tampering or centralized control is significantly
reduced. Each vote is recorded as a cryptographically secured
transaction that is time-stamped and linked to a permanent ledger,
ensuring its integrity and traceability. This paper proposes an
online voting system built using blockchain, which incorporates

a secure voting protocol, privacy-preserving mechanisms, voter
authorization, and a transparent, tamper-resistant tallying
process. By integrating technologies like Flutter for the frontend,
Firebase for real-time interactions, and Solidity smart contracts
deployed via Remix IDE and MetaMask, the system aims to
boost voter confidence, increase participation, and uphold the
democratic process in the digital age.

2. Body of Paper

METHODOLOGY
The methodology section explains the technical
framework, processes, and protocols behind the

blockchain-based voting system. Our proposed system is
built on the Ethereum blockchain, leveraging smart
contracts to automate voting processes and ensure
security. The methodology begins with voter registration,
followed by vote casting, vote storage, and vote tallying.
Each phase employs blockchain’s decentralized nature to
enhance security and prevent tampering.

VOTER REGISTRATION AND AUTHENTICATION

Voter registration is the initial and crucial step in a blockchain-
based voting system developed using Flutter as the frontend
framework, Firebase for backend services, and Solidity smart
contracts deployed via Remix IDE and interacted with through
MetaMask. During registration, voters undergo identity
verification through Know Your Customer (KYC) processes,
ensuring that only eligible individuals are enrolled in the system.
This may involve submitting government-issued ID proofs, facial
recognition, or mobile number/email OTP verification through
Firebase Authentication. Once a voter's identity is successfully
verified, the system generates and assigns a unique cryptographic
key to the individual, which acts as their secure digital identity
throughout the voting process. This cryptographic key, stored
securely and accessed via MetaMask, allows the voter to interact
with the smart contract on the Ethereum blockchain. It ensures
that only authorized users can cast votes and prevents duplicate or
fraudulent voting attempts, as each transaction on the blockchain
is permanently recorded and verifiable. The integration of these
tools and technologies ensures a robust registration process that
balances ease of access, data integrity, and voter security, laying
the foundation for a trustworthy and tamper-proof digital voting
system.

C. SMART CONTRACTS

Smart contracts are integral to the blockchain-based voting
system as they ensure automation, transparency, and security
throughout the electoral process. Written in Solidity and deployed
on the Ethereum blockchain using tools like Remix IDE and
MetaMask, these self-executing scripts automatically enforce the

© 2025, IJSREM | www.ijsrem.com

DOI: 10.55041/IJSREM50471 |

Page 1


http://www.ijsrem.com/

Volume: 09 Issue: 06 | June - 2025

International Journal of Scientific Research in Engineering and Management (IJSREM)

SJIF Rating: 8.586 ISSN: 2582-3930

rules of the voting system without human intervention. Each vote
cast is recorded as an immutable transaction on the blockchain,
making it tamper-proof and permanently verifiable. The smart
contract is programmed to validate that each voter is eligible and
allows them to vote only once, effectively preventing double
voting and fraud. At the same time, it maintains voter anonymity
by storing votes without linking them to the voter's identity, thus
protecting privacy. Since the code is open and transparent, it can
be audited to verify its fairness and correctness. The use of smart
contracts eliminates the need for intermediaries or central
authorities, reducing operational costs and increasing trust among
participants. Tools like MetaMask allow users to interact with the
blockchain directly from their browsers, while Remix IDE
provides a user-friendly environment to write, compile, and
deploy the contract. Overall, integrating smart contracts into the
voting system brings efficiency, accuracy, and trust, making the
entire electoral process more secure and democratic..

D. VOTE CASTING AND STORAGE

During vote casting in a blockchain-based voting system
developed using Flutter and integrated with Firebase, voters
utilize their unique cryptographic keys to securely cast their votes.
Each vote is recorded as a transaction on the blockchain,
providing a high level of data integrity and resistance to
tampering. These transactions are time-stamped and
cryptographically linked to previous blocks, forming an
immutable chain of voting records. This ensures that once a vote
is cast, it cannot be altered or deleted, preserving the integrity of
the electoral process. The distributed nature of the blockchain
ledger ensures that vote records are stored across multiple nodes,
making the system highly resilient to failures or attacks. At the
same time, only authorized observers can access the vote data
through permissioned access mechanisms, ensuring transparency
without compromising voter anonymity. Firebase can be used for
user authentication, storing non-sensitive voter data, and
managing the real-time interface in the Flutter frontend. The
combination of Flutter for a seamless user experience, Firebase
for efficient backend services, and blockchain for secure,
decentralized vote recording creates a robust and trustworthy
digital voting platform that enhances transparency, security, and
public confidence in the electoral process.

E. VOTE TALLYING AND VERIFICATION

When the voting period concludes, the smart contract initiates
the vote tallying process. Because all votes are stored on a public
ledger, the tallying process is transparent and can be verified by
any participant. The results are stored in a way that maintains the
anonymity of voters while ensuring the accuracy of the count.
Through these mechanisms, the proposed system addresses
traditional digital voting challenges, providing a robust
framework for secure and transparent voting. The methodology’s
technical components underscore blockchain’s strengths in
enhancing election security while maintaining efficiency and
accessibility.
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Fig. 1. Activity Diagram

The diagram illustrates the process of an online voting system
using blockchain technology. It begins with the user logging in.
Their identity is verified; if verification fails, access is denied. If
verified, the system displays voting options. The user selects a
candidate and casts their vote, which is then submitted to a smart
contract. The system checks if the vote is successfully recorded
on the blockchain. If recorded, a confirmation message is shown.
If the vote fails to register, an error message appears. This ensures
security, transparency, and integrity in the voting process using
blockchain technology.

This UML class diagram represents a blockchain-based voting
system. A Voter logs into the VotingDApp, selects an option,
and submits their vote. The SmartContract processes and
validates the vote, which is then recorded on the Blockchain. The
Admin retrieves results from the blockchain. This ensures secure,
transparent, and tamper-proof voting.

This Blockchain Voting System Architecture illustrates how
different components interact in a decentralized voting process.
The Voter Interface allows users to log in and cast votes through
the Voting DApp, which serves as the platform for managing
voter interactions. The Admin Interface enables election
administrators to access and manage results. Votes are processed
through a Smart Contract, ensuring security and transparency.
The Blockchain Network stores votes immutably, preventing
tampering. This architecture ensures a decentralized, secure, and
transparent voting system where both voters and administrators
interact with the blockchain through a smart contract and the
Voting DApp.
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Fig. 2. Class Diagram
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This Data Flow Diagram (DFD) represents the workflow of

a Blockchain-Based Voting System, showing how data moves

between different entities. submitVote

The process starts with the Voter, who interacts with the

Voting DApp to cast their vote. The Voting DApp serves as an © SmartContract © Admin
interface between the user and the blockchain system, sending

the vote to the Smart Contract for vz.llidation. The Smart ° pr?gess\yOte(()) o ViewResults()
Contract processes the vote and ensures it meets the required o validateVote

criteria before forwarding it to the Blockchain Ledger.

The Blockchain Ledger securely records the vote in an recordVote /viewResults

immutable manner, preventing any unauthorized modifications.

Once the vote is recorded, the Blockchain Ledger can provide

results when requested. The Admin interacts with the system by @ Blockchain
retrieving election results from the blockchain. The Admin sends

arequest to the Smart Contract, which fetches the data from the e verifyVoter()
Blockchain Ledger and provides results back to the admin e recordVvote()
through the Voting DApp. e getResults()

This system ensures transparency, security, and
decentralization in elections. The Blockchain Ledger guarantees
that votes are stored permanently, while the Smart Contract
automates vote validation and prevents fraud. The

Voting DApp facilitates seamless communication between
voters, the blockchain, and administrators, ensuring a user-
friendly and tamper-proof election process.
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Fig. 4. Data Flow Diagram

Efficiency Metrics for Blockchain Voting Systems

A Blockchain-Based Voting System must be evaluated on
key efficiency metrics to ensure it meets security, transparency,
accessibility, scalability, and cost-effectiveness requirements.

SECURITY AND INTEGRITY

Security is paramount in any voting system, and blockchain
enhances it through the following mechanisms.

Immutable Records: Once a vote is recorded on the
blockchain, it cannot be altered or deleted, ensuring the
integrity of election results. This eliminates the risk of
tampering and fraudulent modifications.

2) Cryptographic Protection: Each vote is secured with
cryptographic techniques, such as digital signatures and
encryption, preventing unauthorized access or manipulation.
Voter identities remain secure while ensuring only eligible votes
are counted.

3) Sybil Attack Resistance: A blockchain-based system
prevents multiple fraudulent votes by implementing identity
verification techniques, such as decentralized identifiers (DIDs)
and proof-of-identity mechanisms. This ensures that each voter
can cast only one vote.

TRANSPARENCY AND VERIFIABILITY

Blockchain voting ensures transparency by making election
data verifiable while maintaining voter privacy.

1) Public Ledger: The blockchain records all transactions
(votes) in a distributed ledger that anyone can audit, ensuring trust
in the electoral process. While individual votes remain
anonymous, the overall tally is publicly verifiable.

2) Zero-Knowledge Proofs (ZKPs): ZKPs allow verification
of a vote without revealing sensitive voter details. This
cryptographic technique ensures that votes are counted correctly
while maintaining voter anonymity.

C. ACCESSIBILITY AND CONVENIENCE

1) Remote Voting: Unlike traditional
blockchain allows voters to securely cast votes from anywhere in
the world, benefiting overseas citizens, people with disabilities,
and those in remote areas.

2) Mobile Compatibility: By enabling voting via
smartphones, blockchain voting increases participation and
convenience, making the voting process more inclusive and
experience for users of all technical skill levels.

systems,

D. Scalability and Performance

A blockchain voting system must handle high voter turnout
without performance degradation.

1) Transaction Speed: Blockchain must process thousands of
votes per second, especially in national elections. High-
throughput blockchain networks or layer-2 scaling solutions
(e.g., sidechains, rollups) help improve speed.

2) Network Latency: During peak voting times, the system
must remain responsive without long delays in vote submission
or result verification. Optimized consensus algorithms (e.g.,
Proof of Authority or Delegated Proof of Stake) ensure rapid
transaction finalization.

E. COST EFFICIENCY

Blockchain can reduce the overall cost of elections by
minimizing infrastructure and operational expenses.

1) Reduced Infrastructure Costs: By shifting to a digital
blockchain-based system, the need for physical polling stations,
paper ballots, and manual vote-counting infrastructure is greatly
reduced.

2) Lower Administrative Expenses: Since blockchain voting
automates vote tallying and verification, fewer personnel are
needed, reducing labour costs and administrative expenses
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3. CONCLUSIONS

RESULT
In conclusion, blockchain technology offers a viable pathway for
transforming online voting systems, addressing longstanding
issues of security, transparency, and voter trust. This study’s
blockchain-based voting system successfully demonstrated that a
decentralized ledger could offer significant advantages over ¢ 3 WhiHme -beck
traditional digital voting solutions by eliminating single points of = vaibhav Patil
failure, preventing vote tampering, and allowing verifiable, :
transparent audits of the voting process. By using cryptographic
keys and smart contracts, the system maintained voter anonymity
while ensuring each vote remained immutable. The findings
affirm blockchain’s potential to mitigate common voting
vulnerabilities such as double-voting, vote alteration, and insider . Mol
manipulation. This approach provides a robust foundation for 4918787181414
transparent, tamper-resistant elections, promoting democratic - e
integrity in digital voting contexts. However, several challenges YRIS141 9P umen.nom
must be addressed before widespread adoption. Scalability 2 VoW s
remains a primary concern, as blockchain’s decentralized nature GOt
inherently limits transaction throughput. For larger elections with
millions of voters, blockchain’s performance may lag, potentially

< Voter Dashboard

(1) Voter Information

affecting usability and voter participation. Legal and regulatory ey
compliance presents another challenge, as data protection and
audit requirements vary across jurisdictions. Future research Cast Vote Vots History

should focus on refining blockchain’s scalability, exploring
hybrid models that combine traditional databases for faster
performance with blockchain’s security features, and addressing
privacy concerns to enhance voter trust further. Overall, this & @
research emphasizes the feasibility of blockchain as an =N
innovative solution for secure online voting, suggesting that with
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further improvements, it could play a critical role in future
electoral systems, enhancing public trust and safeguarding &« Cast Your Vote
democratic processes.
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