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The traditional method of voting has drawbacks including the manipulation of the voting system,
the security of the voting, and the problems of transparency and privacy. Such problems are the
result because of the central authority to manipulate the voting by the central power to get a certain
party in the manual counting or there are some human errors in the voting tallying process, which
means that the central authority is very dependent on the central government, so the vote may be
manipulated by the central authorities to benefit a particular party in the manual counting, which
means it has very much dependency on the central authority. The security expense creates an
economic challenge for human and ballot resources.

This recommended method constructs and executes a blockchain-based voting mechanism to alter
election procedures, dramatically boosting security, transparency, and efficiency. Our blockchain-
based technique eliminates these problems by leveraging a decentralized ledger for the recording
and verification of votes. It will automate vote processing using smart contracts, employ
cryptographic ways to maintain voter anonymity, and apply consensus processes for the validation
and recording of each vote. This provides as a platform for better future developments and the
greater usage of blockchain in voting.
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1. Introduction

In the world today, holding free, fair, and transparent and secure elections is the most crucial
[1]. The previous method of voting suffers from various disadvantages, such as fraud, distrust,
and inefficiency. This is where blockchain technology may be valuable since it enables a new
method of doing things, being dependable, secure, and transparent. The advantages of
blockchain such as decentralization, tamper-proof records, and robust security allow a
blockchain-based voting system that everyone can depend upon. Your vote will be recorded
on a dispersed network, making it impossible to be amended or erased when you cast your
vote on this system. Simultaneously, the mechanism guarantees your vote remains secret and
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anonymous. Some of the most major benefits of utilizing blockchain for voting:

* Security: The Vote is essentially unable to get involved because it encrypts and maintains a
decentralised network of the same nodes in the network.

* Openness: Anyone may check the election results, therefore retaining faith in the process
[21[3].
* Privacy: Deep technologies keep your identity private while recording your vote [4].

* Efficiency: Without any problems, the results/ conclusions are calculated fast and accurate
8].

» Convenience: By making the election more accessible and inclusive, people might vote in
the safe manner wherever and wherever there are in the world [4][6].

Behavior of the vote based totally on the use of Blockchain makes it easier to get the
confidence, ensures that every person is fairly in the same order and also it is very much easy
for everyone to cast a ballot. However, there remain several issues as scalability, the trade-off
between anonymity and auditability, regulatory uncertainties, accessibility, and susceptibility
to security risks still need to be addressed.

2. Literature Review

According to already known ideas such as block chain systems; blockchain; smart contracting;
blockchain; and game; or the idea of the concept; the principle of the premise that the system
of vote based totally at the base; blockchain; is an immutable and distributed, and the whole
system of blockchain based totally on the base of the system; and is based on cryptographic
hashing with the help of a consensus mechanism such as proof of work; proof of the ownership
of shares or the evidence of that ownership.

Decentralization is that a central authority is not required, thus control is shared among
network participants through cooperative action that promotes trust in the process and
minimizes the risk of meddling. Smart contracts allow for automation of such processes as
vote verification and count compilation through cryptography. Game theory further develops
the incentive mechanisms that encourage honest participation and discourage dishonest
actions. Helios and Ethereum have paved the way for further developments in blockchain-
based voting systems that were touted for their transparency and security advantages.

1. Kristian and Anders Smed argued that when voters adhere to the proper use of voting
protocols, it eliminates any risk of election result manipulation. They proposed a statistical
approach to improve the security of electronic voting systems [11].

2. Budurudhi et al. investigate the development of voting machine interfaces that effectively
enhance the participation of both voters and electoral administrators, especially in the context
of complex elections. They point out that the effectiveness of remote voting systems depends
significantly on the interface design, which can influence the accuracy of voting. Moreover,
they stress that verifying votes remains a key concern. A significant portion of the research on
remote electronic voting focuses on crafting cryptographic voting protocols that safeguard the
desired security attributes, ensuring the integrity of the voting process
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The project is poised to take over from here via incorporating scalable designs for the
blockchain, advanced cryptographic methods such as zero-knowledge proofs, and easy-to-
access interfaces in order to cater for inclusive participation. Besides, it will factor in the
accounting standards and apply necessary security provisions towards enhancing the objects
of trust and confidence in electronic voting. Building on existing research and addressing the
unanswered questions, this project represents that secure, transparent, and voting systems
based on blockchain technology are a possible future in electoral systems evolution [9].

3. Methodology

Existing voting systems for universities can be classified into traditional, online, and
blockchain-based approaches. These are designed to suit the needs of campus elections, such
as student body elections, faculty votes, or club leadership selections. Traditional voting
systems, like paper-based ballots, have been in use for many years within universities because
they are easy to implement and straightforward. However, these systems tend to have problems
like ballot mismanagement, manual counting errors, and logistical problems, especially in
larger institutions with diverse stakeholders. Physical ballots are hard to handle, store, and
report results in a timely manner, which is very inefficient and may lead to disputes. The online
voting systems have been widely adopted in universities because of their convenience and
accessibility.

These systems permit students and faculty to vote remotely using internet-connected devices,
thus eliminating the need for physical presence at the voting booths. This would be especially
beneficial for large campuses or institutions with distance-learning students. However, online
voting in universities faces several challenges: ensuring voter anonymity, preventing multiple
votes by the same individual, and securing the system against cyberattacks. The centralized
nature of most online voting platforms also poses a threat, such as the potential for system
failure, data losses, or manipulations that can undermine trust in the election results [10].

Advanced methods of cryptography, known as public-key encryption and zero-knowledge
proofs, serve as guarantees of voter identity secrecy and confidentiality of voted data.
Blockchain-based voting systems are most suitable for universities in terms of scalability and
adaptability. They can support anything from a small departmental vote to a wide institution-
wide referendum while being consistent and fair. Also, having user-friendly interfaces, both
mobile and web-accessible, ensures that all students and faculty members, regardless of their
technical expertise, can participate smoothly [17][19]. Despite the advantages, there remain
challenges, such as ensuring that voters are digitally literate, institutional adoption
considerations to do with regulatory, and the costs involved in setting up. But when
universities implement blockchain-based voting systems, they have a chance to gain trust,
efficiency, and inclusivity in their electoral processes in setting precedence for modern, secure,
and transparent decision-making processes.

The proposed blockchain-based voting system for universities introduces a robust and
innovative solution by using smart contracts, developed using Solidity, to automate and secure
all aspects of the election process. Smart contracts are self-executing programs stored on the
blockchain that ensure the enforcement of election rules in a transparent manner without the
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need for manual intervention. These would deal with such crucial tasks as registration, casting,
live validation of the votes cast, and result tallying in automated forms. Since they rely on a
personal Ethereum blockchain, that is Ganache, the whole system offers a secure controlled
development and testing environment, which closely simulates real-life blockchain
functionality and yet delivers both scalability and security [13].

Each vote is treated as a transaction and immutably recorded on the distributed ledger, ensuring
transparency and eliminating risks of tampering or fraud. The use of public-key encryption
and advanced cryptographic techniques, such as zero-knowledge proofs, guarantees voter
anonymity and the confidentiality of the voting process, maintaining a balance between
transparency and privacy. Moreover, the decentralized architecture removes single point of
failure, significantly enhancing the reliability and resilience of the voting system [20].

The system has been developed to allow the user-friendly interface that will facilitate easy
interaction among students, faculty, and staff. The real-time inclusion and accessibility allow
users to safely register and cast votes as well as verify the results of an election from any
device. The conditions for simulating can include high voter turnout or failure of the system
in which Ganache will ensure intensive testing and optimization before deployment into
universities.

It also accommodates scalability: the proposed system will handle from small, local
departmental votes up to large-scale university-wide referendums without impairing its
performance. Furthermore, the proposed system will maintain institutional policy as well as
regulatory compliance: the immutable audit trail, made available in the case of post-election
verification, strengthens trust and accountability. This solution modernizes university election
processes and, above all, sets a new standard in secure, transparent, and efficient decision-
making by integrating smart contracts, Solidity, and Ganache into the system. This new
approach allows institutions to perform fair, tamper-proof elections, bringing trust between
stakeholders and alignment with the digital age.

In order to give the system of voting on the blockchain a secure and transparent and effective
way of doing the election, the process of the voting is based on the algorithm of the system
based totally of a blockchain-based voting system which uses the method of Ganache which
is used to simulate a private Ethereum blockchain and Meta Mask as an interface for user's
interactions.

Step 1: Election instantiation

The administrator page starts the blockchain environment, which starts to input on the
administrator dashboard in the details of the election by starting with the election itself [5][7].

Step 2: Candidate Registration

The admin account registers the candidates (contestants) competing in the election. This
information is kept on the blockchain via smart contracts, assuring the integrity and openness
of candidate data [5][8].

Step 3: Voter Registration During Voting

The voter registration is also included into the voting phase for simplicity. All voters log in
using their MetaMask wallets and register themselves just before the vote. All their data
Nanotechnology Perceptions Vol. 20 No. S16 (2024)
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connected to registration are stored on the blockchain, therefore allowing them participate
safely and tamper-proof manner [8][14].

Step 4: Voting

After step 3, the voter is permitted to cast his ballots via the platform. Each vote is considered
a blockchain transaction and stored immutably on the distributed ledger. The smart contract
guarantees that each voter may cast a vote just once and automatically avoids double voting.

Step 5: Voting Closure and Declaration of Results

When all voters have cast their ballots, the admin terminates the voting session. The smart
contract launched automatically tabulates the data and securely uploads the results on the
blockchain, guaranteeing there is no potential of human mistakes. This makes the election
outcomes accurate and fair [3][11].

Step 6: Transparency and Accessibility

Election result is visible both to the voter and the admin. It implies that the election information
is totally disseminated over the blockchain, offering their users' participation's utmost
transparency.

This technique takes use of smart contracts, Ganache, and MetaMask so as to generate a
smooth, efficient, and safe voting procedure in the absence of any challenge to manipulation,
fraud, or inefficiency at the price of user-friendliness. voter registration into the voting phase
and automatic validation of votes [18].

4. Workflow

This ensures a seamless and secure workflow in the blockchain-based voting system that is
capable of leveraging all the functionalities provided by the technology. Initially, the admin
uses Ganache to initiate the blockchain network, which the admin then uses to configure
election parameters such as election details and candidate registration. The dashboard in the
admin interface enables a simple process for the election configuration and deployment of all
necessary smart contracts.
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Fig. 2. Workflow of the System

In the voting phase, a voter connects to the blockchain using the MetaMask wallet, which acts
as a secure gateway to authenticate and handle transactions. The voters are registered in this
phase itself, and the user registration and voting are done simultaneously in one session. As
each vote is viewed as a blockchain transaction, it has immutability and transparency [19].

This process effectively eliminates manual errors and has enhanced security while providing
an auditable trail for the entire election process, hence making it ideal for universities and any
organization seeking robust and reliable voting solutions. Overall, this workflow provides a
robust and scalable solution for different electoral scenarios, like university elections and
organizational decision-making processes [20]. Its decentralized nature ensures security and
reliability, making it a modern and dependable alternative to traditional voting systems.

5. Results and Discussions

The blockchain-based voting system is designed using a blend of modern tools and
technologies, including Ethereum, Blockchain, Smart Contracts to develop a secure,
transparent, and efficient voting.

Setup and Deployment: The procedure of the election starts with the blockchain network using
Ganache and subsequent deployment of the smart contract that states the rules of the election.
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Fig. 3. Ganache Homepage accounts

Fig. 4. Deployment of smart Contracts

Voter Interaction:

The MetaMask wallet extension allows voters to connect to the blockchain safely, while the
web browser simplifies the voter's registration and voting. The smart contract will make sure
that only the qualified voters are allowed to participate and that a voter does not vote more
than once.
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Create

Fig. 5. Voter registration

During registration, the Metamask will pop up to confirm the transaction that will be recorded
in the Metamask wallet enabling verifiability, all the recorded transactions display in Ganache
platform as well as Metamask. The details will be separately recorded in each account as
wallets and can be viewed by login to the wallets using the Private Key by the Voter for
verifying whether his vote is considered or not after the conclusion of the election.

The Metamask wallet is shown in the below figure 6 highlighting the account details of the
voter while logging in to the system for voting.

g Account Tl
Ganache

[ S
Transaction request

Request from
& HTTP localhost:3000

Interacting with
© OxE8d55...44014

Network fee 0.0037 ETH #

Speed

Fig. 6. Confirming the Transaction
Recording and tallying of votes:
Votes are recorded as transactions on the blockchain, and consequently immutability,
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transparency are assured. Once voting closes, the results will be viewable by both voter and
Admin using their Metamask wallet Account Private keys providing tamper-proof elections.
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Fig. 7. Results and Voters in Admin Login

6. Conclusion

In summary, the provided Blockchain-based Decentralized Voting System is a really
innovative solution to the voting issues given by conventional approaches such as anonymity,
secrecy, security risk and data falsification. The system given its decentralization,
immutability, and openness assures the correctness of votes cast and renders vote manipulation
or unauthorized control impossible with complete anonymity of the voters at every level of
voting.

The system is meant to be user-friendly and accessible so that it will reach all eligible voters,
independent of the technological skill. Private entities may utilize this approach for holding
internal elections with trust in the accuracy and impartiality of the outcomes. Automating the
process of voter verification, counting votes, and announcement of results would guarantee
that elections are handled quickly, securely, and without human mistake.

Decentralization assures that the system cannot be corrupted at one spot; consequently,
cyberattacks as well as other harmful actions will not readily disrupt this system. In addition,
blockchain promotes transparency among the parties. While guaranteeing the anonymity of
voters, it also adds an aspect of verifiability of the votes. Also, with the implementation of
smart contracts, all voting rules and processes will be carefully implemented without
intervention, thereby making it extra safe and dependable [15][18].

Successful adoption of this decentralized blockchain-based e-voting system would suggest a
huge leap forward to the enhancement of the security, dependability, and impartiality of
elections. This will also address the immediate demands of commercial institutions and
indicates its immense potential in being utilized for broader applications such as government
elections, organizational decision-making procedures, and many more processes.

The use of the blockchain to vote is a possibility of changing the way in which elections are
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being held because of the newly created, updated, and implemented, which was done in an
effort to change the way that elections are carried out. It will set the basis for a period of time
when the availability of technology in creating and developing an increasing and egalitarian
voting environment in a number of different countries worldwide will be made available.

Future Works

Some of the innovations which are to be considered in the project of improvement, to increase
the scope of the project, are listed below in the following, which are in the future:

1. Email facility for user verification OTP, vote confirmation, and results access.
2. Provide ability to manage more than one election at a time.
3. Scalable to large communities for voting.
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