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Abstract

The spread of fake goods poses serious problems for industries like luxury goods, electronics, fashion, and pharmaceuticals,
leading to monetary losses, harm to brand reputation, and a decline in consumer confidence. Conventional authentication
techniques, like QR codes, RFID tags, and centralized databases, are insufficient for effective counterfeit deterrence because they
are susceptible to duplication, tampering, and security flaws. To address these issues, this paper suggests a blockchain-
based authentication system that uses a decentralized, transparent, and impenetrable ledger to confirm the legitimacy of products.
The proposed framework makes it simple to verify product information by using MetaMask for secure user interactions and
Ganache to simulate a local blockchain network. By automating procedures like product registration, ownership tracking, and
authentication, smart contracts make sure that data is indestructible and verifiable throughout the supply chain. Blockchain
technology greatly increases transparency and cuts the risk of fraud through doing away with the need for centralized systems.
By scanning a QR code connected to blockchain records, customers can instantly access the product's history and confirm the
authenticity of the product. This strategy strengthens consumer confidence and improves supply chain security. To improve
counterfeit prevention and authentication techniques even more, future advancements could involve Al-driven fraud detection,
predictive analytics, and loT-enabled real-time tracking.

Index Terms: Blockchain, Product Authentication, Smart Contracts, Fraud Prevention, MetaMask, Ganache, QR
Code

I INTRODUCTION system for authentication greatly reduces the
probability of a scam. By scanning a QR code
The proliferation of fake goods presents an linked to blockchain records, consumers can
important issue for sectors like luxury goods instantly access verified product information and
electronics, fashion, and pharmaceuticals. It can

result in large financial losses, harm to a brand's

verify the legitimacy of products. Future advances,
such as IoT-enabled tracking and Al-driven fraud
detection, will strengthen supply chain security,
cease  counterfeiting, and boost
confidence in a variety of industries.

reputation, and even endanger consumer safety.
Traditional authentication methods like QR codes,
RFID tags, and centralized databases have proven
limited as counterfeiters use more sophisticated
techniques because of their susceptibility to
tampering, duplication, and security flaws. These

consumer
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problems show how urgently a more transparent,
reliable, and impenetrable authentication system is
needed. A decentralized, unchangeable, and
transparent framework for hindering counterfeiting
is offered by blockchain technology. In contrast to
conventional methods, blockchain ensures that
product authentication data is safe and verifiable,
strengthening supply chain tracking and trust.

The suggested system enables smooth and real-time
product authenticity verification by using
MetaMask for secure transactions and Ganache for
blockchain simulation. By automating product
registration, ownership tracking, and verification
through smart contracts, this blockchain-based
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Blockchain  technology[1], known for its
decentralized and tamper-proof data management,
has gained recognition as a secure and efficient
solution for supply chain security and product
authentication. Studies have demonstrated its
ability to enhance transparency, traceability, and
fraud prevention across various industries. Bohli
and Gruschka (2013) investigated blockchain
applications in secure computing, emphasizing the
need for greater accuracy. Chen et al. (2017)
introduced a blockchain-based supply chain model,
but overlooked outsourced distribution, affecting its
scalability. Toyoda et al. (2017) developed a
product ownership management system utilizing
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blockchain;  however, accuracy limitations
impacted its reliability. Ma et al. (2020) proposed a
blockchain-powered anti-counterfeiting
framework[13], yet unclear implementation
strategies posed challenges. Singhal (2021)
explored blockchain’s role in  counterfeit
prevention, identifying issues related to
accountability and traceability[10]. While existing
studies highlight blockchain’s potential, they also
expose gaps in accuracy, scalability, and real-time
verification. The proposed system aims to address
these shortcomings by incorporating smart
contracts, [4]MetaMask for secure transactions, and
QR code-based authentication, ensuring a more
reliable, efficient, and tamper-resistant counterfeit
detection mechanism.

Il PROPOSED
ARCHITECTURE

SYSTEM AND

The proposed blockchain-based authentication
system aims to provide a decentralized, clear, and
safe system for verifying the authenticity of
goods[2]. Unlike conventional authentication
methods that rely on centrally maintained
databases, QR codes, or RFID tags that are
vulnerable to fraud and tampering, this solution
uses blockchain technology to create an
unchangeable and legitimate record of product
history. In the course of manufacturing, each
product is assigned a Unique Identification Token
(UID), which is subsequently recorded on the
blockchain along with pertinent details including
the serial number, manufacturing date, and
ownership information. As the product moves from
manufacturers to warehouses, distributors, and
retailers, smart contracts are used to safely
document each transaction. Consumers may verify
the legitimacy of the product by scanning a QR
code or entering its information[3][4].
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Figure 1. Architecture

IV SYSTEM MODULES

The proposed system comprises several essential
modules, each aimed at improving usability,
security, and efficiency in product authentication.
These modules facilitate smooth interactions,
secure authentication, and real-time verification
utilizing blockchain technology[5].

1. Module for User Interface (UI)

Both desktop and mobile platforms can benefit
from the user interface's responsive and intuitive
design[1]. It includes functionalities such as search
capabilities, tooltips, and support for multiple
languages to enhance accessibility. Interactive
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components like buttons and cards facilitate user
navigation for product verification and account
management.

2. Login Module

Users can authenticate securely through various
methods, including username/password, blockchain
wallet (private/public keys), or biometric login[2].
The module supports two-factor authentication
(2FA) and password reset options to bolster
security. Enterprise users have the option to
implement Single Sign-On (SSO) for streamlined
access, with session tokens ensuring ongoing
authentication.

3. Dashboard Module

This module offers a comprehensive overview of
transactions, verifications, and supply chain
activities[4]. It presents
regarding counterfeit detection and interaction
history. The interface is customizable, featuring
filters, notifications, and alerts for pending

real-time  analytics

verifications.

4. Blockchain Integration Module

This module stores product information on a
decentralized blockchain, guaranteeing
immutability and security. Smart contracts oversee
product registration, verification, and ownership
transfers. Consensus mechanisms are employed to
validate transactions, thereby preventing data
tampering. It accommodates both public and private
blockchain specific
requirements[5].

networks based on

5. Product Verification Module

This module allows users to scan QR codes or NFC
tags for product authentication. It retrieves product
information from the blockchain, including origin,
batch  number, and status[2].
Immediate feedback is provided, indicating whether
the product is authentic or counterfeit. Ownership
changes are updated in real-time, ensuring secure
and transparent verification.
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Figure 2. Product Verification
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Development Tools

Ethereum serves as the foundational blockchain
network  for the development of the
blockchain-powered authentication system, and
Ganache offers a local testing and deployment
environment. Smart contracts, which are essential
for safely storing product authenticity data on the
blockchain, are created and implemented using
Solidity[6]. MetaMask is integrated as a digital
wallet for handling transactions and gas fees in
order to guarantee a seamless user experience.
Because the frontend is constructed with Web3.js
and Reactjs, users may interact with
blockchain-based data with ease. Additionally,
Node.js serves as the backend framework, dealing
with APl requests and facilitating efficient
communication between the user interface and the
blockchain network.

Smart Contract Functionality

Product registration, verification, and duplicate
avoidance are the three main tasks that the smart
contract is designed to carry out. A distinct hash is
given to the producer upon product registration,
and this hash is safely saved on the blockchain[7].
By accessing information from the blockchain, the
verification function allows customers to scan a
product's ID and verify its legitimacy. The contract
enforces duplicate prevention to protect the
system's integrity. This means that each product ID
is only registered once, preventing fraudulent
efforts to register the same product more than once.

VI TRADITIONAL VS. BLOCKCHAIN-BASED
AUTHENTICATION

Product verification has long made use of typical
authentication models like barcodes, RFID tags,
QR codes, and centralized databases. These
techniques do have a few inherent limitations
though, such as being vulnerable to manipulation,
relying upon the trust of third parties, and having
centralized control, which can result in data
breaches or counterfeiting. In contrast, blockchain
technology offers a decentralized, unalterable
ledger, guaranteeing increased security and
openness. The primary differences between the
blockchain-based conventional
methods of authentication are presented in this

approach and
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section. The contrast of blockchain-based
authentication systems and conventional
authentication methods is shown in the table below:

Feature Traditional Systenss Proposed  Blockchain-Based
System
Security Prone 10 hacking and data | Tamper-proof due to blockchain
manipadation Immutability
Verification Mamal & slow process Autoeraled & real-time
athentication
Diata Stocage Centralized & vulnerable to § Decentralized & smmutable
cyberttacks
Transparency Limited comsumver accessto | Complese  eraceability  from
product history masfacturing tu ownership
Counterfeit High risk of fake product | Signaficantly reduces coumerfeic
Prevention duplication risks
Owrership Easily altered or falsified | Blockchain  ensures transparest
Tracking records verified tracking

Table 1. Comparison between Tradition and
Blockchain System

Latency In Product Varificabon

DO I

Figure 3. Latency in Product Production

The positive effects of blockchain technology in
ensuring product security and authenticity are
demonstrated by this comparison[11]. Contrary to
conventional techniques, blockchain offers a
decentralized, fraud-resistant solution that drops
dependability on middlemen while boosting
authentication processes' efficiency and trust.

VIl EXPERIMENTAL SETUP & TESTING

Testing Environment

To guarantee cross-platform compatibility, the
experimental configuration makes use of the
Ubuntu 20.04 and Windows 11 operating systems.
The Ethereum blockchain is utilized for testing,
while the Goerli Testnet is used for decentralized
testing in the actual world, while Ganache offers a
local simulated blockchain environment for
development. To facilitate transaction processing,
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the deployment of smart contracts, and smooth
front-end interactions with the blockchain, essential
tools including MetaMask, Truffle, Web3.js, and
React.js are incorporated[12][13].

Test Situations

Several test scenarios are run in order to evaluate
the system's functionality. Manufacturers' ability to
correctly add products and enter their information
on the blockchain is confirmed by the product
registration test[1]. The product verification test
makes sure that customers can scan a product's
unique identifier to get and validate its information.
Furthermore, blockchain immutability is assessed
through security testing, which ensures that once
data is saved, attempts to change or manipulate it
will fail, protecting the integrity of the
authentication system[2][8].

Metrics of Performance

Key performance measures are used to evaluate the
system's effectiveness[15]. The speed at which
product data is captured and retrieved from the
blockchain is determined by evaluating transaction
time. To reduce transaction costs, gas fee analysis
is done to determine how cost-effective product
registration and verification are. Lastly, a high
volume of product entries is simulated to test
scalability and determine how well the system can
manage massive authentication requests. These
tests guarantee the stability and dependability of
the blockchain-based authentication solution.

Performance | Product Product Ownership
Metric Registration Verification Tramsfer
Transartion Time | 3.2 seconds 28 secoads .1 seonads
Gas Consampeion | 42.300 units 18,300 units 32100 unis
Apruracy 100% 100% 100%
Sucpess Rate 0% 100% 100%

Table 2. Performance Metrics

VIIIl RESULT

The suggested blockchain-based system provides a
decentralized, transparent, and safe method of
product authentication. The system improves
security and usability by using MetaMask for
smooth user interaction and Ganache to simulate a
local Ethereum blockchain. Product data is kept
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unchangeable and readily traceable throughout the
supply chain thanks to the incorporation of smart
contracts[5]. The tamper-proof nature of
blockchain  records significantly reduces
counterfeiting, increases consumer trust by
enabling users to verify product authenticity in
real-time, increases transparency by allowing
stakeholders to track a product's entire journey, and
improves security by removing vulnerabilities
associated with centralized databases.

IX CHALLENGES AND FUTURE SCOPE

Although the system has many advantages, it also
faces a number of difficulties, such as scalability
issues because managing high volumes of
blockchain transactions requires a lot of resources,
adoption barriers because industries are hesitant to
abandon methods,
integration complexity because manufacturers,
retailers, and
seamlessly, and regulatory uncertainties because
legal frameworks for blockchain-based
authentication are still developing[7]. Future
developments may concentrate on interoperability
improvements to enable smooth cross-blockchain
authentication, scalability improvements through

traditional  authentication

consumers must coordinate

Layer 2 solutions like Polygon to maximize
transaction efficiency, Al integration for machine
learning-based counterfeit detection, and IoT
connectivity to connect blockchain with real-time
tracking sensors in order to overcome these
obstacles and promote wider industry adoption[3].

X CONCLUSION

The suggested blockchain-powered identification
method provides a robust and safe way to fight
counterfeit goods in a variety of sectors, including
as luxury items, electronics, and pharmaceuticals.
The technology guarantees a decentralized,
transparent, and unchangeable verification process
through the use of Ganache, MetaMask, and smart
contracts. The potential for future developments,
such as AI, IoT, and blockchain interoperability,
underscores its capacity to transform supply chain
security and consumer confidence, even as
obstacles like scalability and regulatory concerns
still exist. For organizations looking for increased
security and dependability, this blockchain-based
strategy offers a creative and practical substitute for
conventional authentication techniques[6].
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