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Abstract - The emergence of blockchain technology has
paved the way for innovative solutions across various
domains, and one such area ripe for disruption is the
electoral process. In this research paper, we present a
comprehensive study and implementation of a blockchain-
based electronic voting (e-voting) system. Our system
leverages the capabilities of leading blockchain development
tools such as Truffle, MetaMask, and Ganache to create a
secure, transparent, and tamper-resistant platform for
conducting elections.

The project involves creating a decentralized application
(DApp) through the utilization of the Truffle framework. This
framework streamlines the deployment and interaction with
smart contracts on the Ethereum blockchain. MetaMask, a
popular Ethereum wallet and browser extension, 1is
integrated into our system to provide a user-friendly
interface for voters to access and participate in elections
securely. Additionally, Ganache, a personal blockchain for
Ethereum development, is utilized for local testing and
debugging purposes, ensuring the robustness and reliability
of the e-voting system. Through this research, we aim to
contribute to the advancement of e-democracy by proposing
a practical solution that enhances the integrity and
trustworthiness of electoral processes. By harnessing the
power of blockchain technology. Our e-voting system offers a
promising avenue for achieving fair and secure elections in
the digital page.
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1.INTRODUCTION

Blockchain solves those problems which the centralized
application is facing, that’'s why blockchain is a better
choice for building a voting application[1]. In today's
societal landscape, there is a pressing demand for
equitable and transparent electoral processes that align
with  contemporary social norms. The current
conventional voting method lacks transparency in the
tabulation of votes, leaving it vulnerable to various forms
of electoral fraud, including the infiltration of counterfeit
voters and fraudulent activities within polling stations.
Consequently, the imperative to establish a secure,
decentralized, and fraud-resistant voting system has
emerged [2].

Traditional voting systems exhibit several limitations that
undermine the integrity and trustworthiness of electoral
processes. These shortcomings include a lack of
transparency in the vote-counting process, susceptibility to
various forms of fraud, centralization of control, security
concerns, and the complexity and cost associated with
administration [3]. However, blockchain technology
presents a promising solution to these challenges by
offering a decentralized, transparent, and secure
framework for conducting elections. Distributed ledger
technology means that there's no single point of failure,
reducing the risk of attacks targeting a central authority.

While the concept of e-voting predates blockchain
technology, it has primarily relied on centralized
computation and storage models until now. Estonia stands
out as a notable example, with its government pioneering
one of the earliest fully online and comprehensive e-voting
systems. The discussion on e-voting began in Estonia
around 2001, gaining official traction from national
authorities in the summer of 2003.The e-voting system in
Estonia remains operational, having undergone numerous
enhancements and adaptations since its inception. Reports
indicate that the system is now highly resilient and
dependable. To ensure person-specific authentication,
Estonia employs smart digital ID cards and personal card
readers distributed by the government [4].

One of the key features of our e-voting platform is the
implementation of a permissioned blockchain, where
administrators have the authority to approve voters before
they are granted access to the voting system. This ensures
that only eligible voters are able to participate in the
election, thereby minimizing the risk of fraudulent or
unauthorized voting [5].

Furthermore, our system utilizes blockchain-based digital
identities for voters, allowing them to authenticate
themselves securely and participate in the voting process.
Once authenticated, each voter is granted a one-time-only
voting privilege, ensuring the integrity and fairness of the
election by preventing multiple votes from the same
individual. In the future, IoT and blockchain will combine to
create secure, automated systems for tracking assets,
managing supply chains, monitoring health data,
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optimizing energy usage, protecting the environment, and
enhancing identity authentication[6].

1.1 Blockchain

Blockchain technology is a decentralized and distributed
ledger system that records transactions across multiple
computers in a secure and transparent manner. Each
transaction is grouped into a "block" and added to a chain
of blocks, forming a chronological and immutable record of
all transactions.

Blockchain technology boasts several key features that
distinguish it from traditional centralized systems[1], [7]
.Decentralization lies at the heart of blockchain, as it
operates on a peer-to-peer network, removing the need for
a central authority to validate transactions. This
decentralization enhances security[8] resilience, and
transparency, as control is distributed among network
participants rather than concentrated in a single entity.
Transparency is a fundamental characteristic of blockchain,
as transactions recorded on the blockchain are visible to all
participants, promoting accountability and trust.

2. Proposed framework of E-voting system

Consider a voting system in which each and every vote is
totally safe, locked in, and irreversible. That is the
foundation of our suggested setup—the power of
blockchain. It's not only about security; fairness and
openness are also important. Blockchain makes sure there
is never a single point of failure and keeps everyone
accountable by sharing power across a network of nodes.
The system is robust enough to continue functioning even in
the event of malfunctions or assaults. To preserve the
integrity of the democratic process, voters, Identification
Authorities, and electoral commission members must work
together. To put it succinctly, our mission goes beyond a
voting system and aims to restore faith in our democracy by
utilizing blockchain's revolutionary potential to constructa
dependable, transparent, and robust.
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Fig -1: Proposed System Architecture

The intricate architecture depicted in Figure 2 encapsulates
the collaborative dynamics among the principal actors—
Voters, VMS (Voting Management System), AA
(Authentication Authority), and IA (Identification
Authority)—to orchestrate the intricate ballet of the voting
process. Within this digital ecosystem, a decentralized
application (dAPP) serves as the conduit, whether accessed
through the familiar interface of a mobile app or the
expansive canvas of a web portal, facilitating a direct and
immersive connection between voters and the VMS. At the
heart of this operation lies the Authentication Authority
(AA), meticulously sifting through voter registrations, akin
to a vigilant gatekeeper, ensuring that only the deserving
find entry into the sanctum of the electoral process.
Meanwhile, the Identification Authority (IA) stands sentinel,
its role akin to that of a meticulous scrutineer, verifying each
voter's identity with painstaking precision, a crucial step
validated by the VMS against the vast repository of online 1A
records. Within the hallowed confines of the VMS, the digital
symphony of democracy unfolds, with each note
meticulously composed—registration, authentication, and
the secure casting of votes—all harmonized with the robust
chords of security, ensuring the sanctity and integrity of the
electoral process remains unwavering amidst the digital
expanse.

3. Literature review

Since the 1970s, electronic voting has been utilized in many
forms, and it has several advantages over paper-based
systems, including more efficiency and lower error rates.
Numerous attempts have been made to investigate the
viability of using blockchain to support an efficient solution
to electronic voting in light of the remarkable development
in the use of blockchain technologies. One such initiative,
which uses the transparency and cryptographic
underpinnings of blockchain technology to develop an
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efficient e-voting solution, is discussed in this study. The
suggested method has been put into practice using
Multichain, and a thorough analysis of the method reveals
its efficacy in meeting the essential conditions for an
electronic voting system.

As we move forward with this effort, our goal is to make
blockchain technology more resistant to "double
spending"[5], [9].

A hybrid system that allows for scenarios where whitelisted
access is necessary but all transactions are visible to the
public is a permissioned, public, shared blockchain. This will
bring about the transparency that democracies require.
However, there are solutions for some of the additional
issues that e-voting may bring about, such as maintaining
privacy, particularly in the case of blockchains without
public approval. Other One of the issues is how quickly the
transactions can be validated. Although blockchain
technology is being hailed as the answer to many issues,
computerized voting systems may be one area in which it
ultimately makes sense[10].

Compared to the current voting mechanism, our suggested
blockchain-based electronic voting offered greater security
and transparency. Immutable code, or smart contracts, are
utilized to add functionality to the voting process. Web3
libraries offer an excellent Blockchain-based foundation for
conducting electronic voting. The voter's vote will be kept
on file indefinitely, unaltered by anyone, and their name will
remain confidential. A blockchain-based smart contract
safeguards the votes' confidentiality and anonymity. People
rely on and trust this blockchain-based electronic voting
system to ensure that votes are cast for the correct person
and are never tampered with [11].

This study looks at the advantages of blockchain technology
and how it connects to the subject of online voting. The
blockchain will be publicly verified and distributed in a way
that inhibits corruption. As of right now, at the end of this
essay, we can infer the following: We have come across a
great deal of study papers about block chain technology-
based electronic voting systems, and in the end, we have
discovered that there are a lot of different methods and
techniques for developing an electronic voting system
utilizing block chain technology. This project has developed
into a blockchain-based electronic voting system that uses
smart contracts and voter anonymity protection to provide
secure and reasonably priced elections [12].

Every citizen wants a clear, direct, and transparent form of
democracy, which may be had with this blockchain-based
electronic voting system. People's faith in the voting system
is heightened, which encourages them to cast their ballots
in large numbers, raising the percentage of voters. The
election is conducted without the use of pens and paper,
increasing voting system accuracy. Since everyone prefers
time and money-efficient systems, this blockchain-based
electronic voting system is appropriate for transparent
democracies[13].

Numerous hundreds of transactions can be made in a
second on the Ethereum Private Blockchain. By using smart
contracts, the blockchain's load is reduced. We have
suggested and put into place an online voting system based
on blockchain technology to ensure people are protected
during elections.

TABLE 1. Literature summary

SR NAME OF AUTHOR SUMMARY

NO. | THEPAPER

1. Secure Digital | Kashif cryptographic
Voting System | Mehboob foundations
based on | Khan, Junaid | and
Blockchain Arshad, transparency
Technology Muhammad | to achieve an

Mubashir effective

Khan solution to e-
voting,
Multichain
and in- depth
evaluation

2. E-Voting Aishwarya Structure  of
system using Indapwar , | blockchain,
Blockchain Manoj challenges in
technology Chandak voting system

,Amit Jain and
technologies
used for e-
voting

3. Review on | Sakshi Review on
Decentralized | Bachhav, blockchain
E-Voting Harshad voting,
System Using | Dhondge, flowchart for
Blockchain Tejas Desale, | voting and

Rohit registration
Deshmukh, and
Prof.Poonam | traditional
Deokar voting S
blockchain
based voting

4. A Review | Abhimanyu Numerous
Paper on | Prajapati , | ways and
Blockchain E- | Tanish approaches to
Voting System | Bankar, build an

Rupam Patel, | electronic
Prof. voting system
Ravishankar | with the aid of
Bhaganagare | block chain
technology.

5. Online voting | Kanchan Steps on how
System Using | Raipure, the system
Blockchain Aakansha works - three

Nakhate, Lina | phases
Ghormade,

Mayuri

Belkhade
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4 Implementation of system

The Ethereum blockchain is used to provide safe and
decentralized data storage in the creation of an Ethereum-
based electronic voting solution. The code for the
application may be published to the blockchain using
Ethereum's smart contract mechanism, guaranteeing its
shared and unchangeable nature among users.
Ethereum's virtual machine smart contracts house the
essential business logic of the E-voting application in this
design. The application's core functions are handled by
these smart contracts, which also take care of things like
counting votes and distributing results. They may run code
and enable interactions with the blockchain; they are
similar to web-deployed microservices. The E-voting
programme guarantees decentralization, security, and
transparency in the voting process by utilizing Ethereum's
features[14]. Data integrity is preserved by use of the
unchangeable.

Several essential tools are required to build a
Decentralized Application (DApp) and include:

A. node package manager: The node package manager
(NPM). These are all included with the node.js Command
Prompt.

B. Truffle Framework: Truffle may be thought of as an

Ethereum blockchain developer's toolset. It assists
programmers in utilizing Solidity, the Ethereum
programming language, to write smart contracts.

Additionally, truffle facilitates the testing and blockchain
deployment of these smart contracts. Simply do "npm install
-g truffle” on your terminal to obtain Truffle.

C. Ganache: As a personal blockchain designed for rapid
Ethereum application development, Ganache is useful. As
we create our e-voting DApp, Ganache serves as a local
storage solution, giving us a comfortable environment to
test and improve our decentralized application.

D. MetaMask: MetaMask functions similarly to an add-on
for Google Chrome. It facilitates your connection to the
Ethereum blockchain, a massive online ledger. MetaMask is
shown directly in your browser after installation. You may
use your own account to interact with the smart contract
application you've previously established by connecting to a
local Ethereum network, which is similar to a smaller
version of the real thing.

4.1 Implementation of D-App

4.1.1 Setting up the Development Environment: First,
you need to ensure your local machine is equipped with the
necessary tools for Ethereum development. Install Node.js,
which includes npm, a package manager for JavaScript.
Then, download and set up Ganache, a personal blockchain
emulator, on your machine. Ganache provides a simulated
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blockchain environment for testing your applications.
Additionally, install Truffle, a development framework for
Ethereum, which simplifies smart contract creation and
deployment. Finally, add the MetaMask extension to your
browser to interact with Ethereum-based applications
directly from your browser.

4.1.2 Creating the E-voting Smart Contract: Begin by
initializing a new Truffle project in a directory of your
choice. This command sets up the basic structure for your
project. Within this project, you'll write the smart contract
code using Solidity, Ethereum's programming language for
smart contracts. Define functions within the smart contract
to handle voting, tallying, and result retrieval. Once the code
is written, compile it using Truffle's built-in compiler.

4.1.3 Configuring Ganache: Open Ganache, where you'll
create a new workspace. This workspace provides a local
blockchain environment for your development purposes.
Configure Ganache to use a custom RPC server, which you'll
connect to from your Truffle project. Take note of the RPC
server's URL and port number for later use.
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Fig -2: Ganache Configuring

4.1.4Deploying the Smart Contract: Modify the
configuration file (truffle-config.js) in your Truffle project to
connect to Ganache's local blockchain. This file contains
settings for various development environments. Next,
migrate your smart contract to the Ganache blockchain
using the truffle migrate command. This process deploys
your smart contract to the local blockchain, making it
available for interaction.

4.1.5 Interacting with the Smart Contract: Use MetaMask
to connect your browser to the local Ethereum network
provided by Ganache. Import an account from Ganache into
MetaMask to access Ethereum funds for transactions. Now,
you can interact with the deployed smart contract through
a web interface or frontend application. Utilize libraries like
web3.js or ethers.js to communicate with the smart contract
from your frontend.
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Fig -3: MetaMask Connection

4.1.6 Testing the E-voting System: Simulate the voting
process by sending transactions to the smart contract
functions. These transactions will be recorded on the
blockchain, and the smart contract will update its state
accordingly. Verify that the smart contract accurately
records votes and updates the tally. Retrieve voting results
from the smart contract and display them to users through
your frontend interface.

testing «2

Vote

candidate 2 «3
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That is all.
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Made with % by Bibek Aryal.

Fig -4: Vote Casting
5. CONCLUSIONS

Our proposed E-voting based on Blockchain developed a
decentralized voting application, coupled with the
deployment of smart contracts on a local blockchain,
underscores the potential of blockchain technology to
revolutionize the way elections are conducted. Leveraging
Ethereum's blockchain network as a decentralized
database, the system provides a secure and reliable
platform for storing voter accounts, recording votes, and
managing candidate details. As technology continues to
evolve, further research and development in this field will
be crucial in realizing the full potential of blockchain-based
e-voting systems in safeguarding the democratic process.
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