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Abstract: Counterfeit products have become a growing threat to consumer safety, brand value, and global trade, particularly
with the rise of digital commerce and globalization. Traditional countermeasures such as RFID, holograms, or centralized
verification systems often fall short due to their vulnerability to duplication, tampering, and lack of transparency. By leveraging
blockchain’s decentralized and immutable ledger, the system ensures that once product data is registered, it remains tamper-
proof, thereby providing a reliable basis for authenticity verification.

In this framework, each item produced is assigned a distinct identifier—such as a QR code or barcode—Ilinked to blockchain
records that store product metadata and ownership history. End users can validate authenticity by scanning the identifier
through a mobile application, which interacts with the blockchain to confirm legitimacy. A successful match authenticates the
product, while mismatches identify counterfeit goods.

The architecture also incorporates role-based dashboards, enabling manufacturers to register and monitor items, vendors to
manage certified inventories,and buyers to instantly validate purchases. With the integration of automated smart contracts code
generation, and real-time blockchain interactions, the system demonstrates scalability, security, and cost-effectiveness.

By combining tamper-proof records with accessible verification tools, the model enhances supply chain traceability, strengthens
consumer confidence, and safeguards brand reputation. Potential future extensions include applying artificial intelligence for
predictive fraud detection, integrating 10T sensors for live tracking, and optimizing blockchain deployment for industrial-scale
adoption. This approach offers a robust pathway toward protecting consumers and industries from the risks of counterfeiting.
Keywords: Blockchain, counterfeit detection, supply chain, smart contracts, QR code authentication.

I. INTRODUCTION
The rapid expansion of globalization and e-commerce has produced previously unheard-of business opportunities but has also
intensified the spread of fake products. Fake products not only erode consumer trust but also cause severe financial losses and pose
safety risks across industries such as healthcare, aerospace, and electronics. Studies estimate that online marketplaces will grow
from 40billionto220 billion by 2026; however, this growth is increasingly threatened by counterfeit distribution, which undermines
confidence in global supply chains.
Counterfeit items span a wide range of products—including fashion, cosmetics, software, pharmaceuticals, and critical industrial
components. While manufacturers experience revenue losses, consumers face the danger of purchasing goods that are either harmful
or ineffective. Conventional verification approaches such as RFID tags, holographic seals, or centralized databases often fail
because they can be copied, altered, or hacked. These limitations highlight the urgent demand for a secure and tamper-proof system
of product authentication.
Blockchain technology provides a compelling solution to this challenge. A blockchain functions as a decentralized digital ledger,
where data is stored in cryptographically linked blocks that cannot be altered once recorded. By embedding counterfeit detection
into such a system, manufacturers gain the ability to create immutable product records, while customers can independently verify
authenticity using accessible digital tools. This approach ensures transparency, reduces reliance on intermediaries, and increases
accountability throughout the supply chain.
In the proposed model, each product is assigned a unique identifier, such as a QR code, which incorporates a cryptographic hash.
During production, the code and corresponding product. At the point of sale, customers can scan the code with a mobile device and
instantly confirm its legitimacy by comparing it with blockchain records. Verified products are recognized as genuine, while
mismatched records are flagged as counterfeit. This decentralized design not just gets better traceability also equips manufacturers
with real-time insights into counterfeit activity, while giving consumers confidence in their purchases.
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Il. LITERATURE SURVEY
Reddy et al. (2023) proposed a blockchain-based verification model that integrates QR codes with Ethereum smart contracts. Their
system allows consumers to scan QR codes through a mobile interface and verify authenticity against blockchain entries. By
combining SHA-256 encryption and MetaMask integration, the solution provides tamper-proof storage and reduces dependence on
centralized authorities [1].
Mhatre et al. (2022) introduced the Blockchain-based Counterfeit Product Identification System (BCPIS), which utilizes
decentralized ledger resist manipulation. The system assigns QR codes to products and uses smart contracts to validate ownership
and transactions. Compared to traditional techniques like RFID and holograms, BCPIS offers improved scalability and reliability
[?1.
Balasubramani et al. (2022) demonstrated a smart contract-based counterfeit detection framework that assigns unique serial
numbers to products. Verification is performed using a decentralized interface, with each transaction. The model reduces operational
costs and removes the necessity of intermediaries, thereby improving supply chain accountability [2].
The reviewed works highlight blockchain’s strength in ensuring immutability, transparency, and consumer-driven verification.
However, which motivate the proposed system in this study.

11l. METHODOLOGY
The methodology adopted on focuses on designing and implementing a blockchain-based counterfeit product identification
framework. The system begins at the manufacturing stage, where each product is assigned a unique QR code that is securely linked
to its corresponding blockchain record. The product information, becomes immutable and tamper-resistant fail to the decentralized
ledger’s cryptographic properties.
When a customer purchases an item, they can scan the QR code using a mobile or web-based application. The application interacts
with smart contracts deployed to fetch and verify product details in real time. If the scanned QR code matches the immutable
blockchain entry, the product is confirmed as genuine. If discrepancies are detected, the system flags the product as counterfeit,
thereby alerting both the customer and the manufacturer.
The framework also incorporates role-based dashboards to ensure secure and transparent interactions between stakeholders.
Manufacturers can register and update product information, vendors can manage verified inventories, and customers can validate
authenticity independently. This role-based approach minimizes reliance on third parties and enhances accountability across the
chain of supply.
The architecture of the suggested system is illustrated in Figure 1. The diagram highlights the flow of information across
manufacturers, vendors, and customers, with blockchain serving as the central trust layer. Smart contracts enable automated
verification, while cryptographic hashing ensures data immutability.

Manufacturer Vendor
(Product Registration) (Inventory Management)

!

Blockchain Network
(Smart Contracts + Ledger)

l

Customer
(QR Code Verification)

Figure 1: Proposed Blockchain-Based Fake Product Identification System

In summary, the methodology integrates QR code-based product identification with blockchain immutability, role-based
dashboards, and smart contracts to deliver a secure, scalable, and transparent framework for counterfeit detection. This approach not
only reduces verification time but also strengthens consumer trust by ensuring data integrity at every stage of the chain of supply.
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IV. RESULTS

The proposed blockchain-based verification system was implemented and evaluated to measure its effectiveness in authenticating
products and preventing counterfeiting. The results confirmed that the framework successfully generated unique QR codes, enabled
product registration, and provided instant authenticity checks. By storing product data on an immutable blockchain ledger, the
system ensured data integrity throughout the chain of supply. Among the most notable findings was the improvement in verification
speed. Traditional systems often involve manual inspections, third-party validations, or reliance on physical identifiers, all of which
are time-consuming and error-prone. In contrast, the blockchain system allowed customers to verify authenticity almost
instantaneously by scanning a QR code. This reduced the average verification time from several minutes to near real-time
responses. The reliability of blockchain in preventing data tampering was another key outcome. This immutability enhanced
transparency and providin the honesty of manufacturers, vendors, and consumers with greater confidence in the honesty of
theverification process. Role-based dashboards further improved the system’s practicality. Customers could independently verify
purchases, vendors managed their inventory using authenticated data, and manufacturers registered and tracked items securely. This
division of responsibilities not only streamlined operations but also fostered accountability across all participants in the supply
chain. Performance testing also highlighted significant gains in user trust and transparency. Owing to the system’s speed, accuracy,
and usability, participants reported higher satisfaction levels compared with conventional verification methods. Moreover, the
blockchain framework demonstrated strong scalability, making it suitable for industries highly vulnerable to counterfeiting, such as
electronics, pharmaceuticals, and luxury goods. To Assess the system against traditional approaches, A comparative analysis was
carried out using key metrics such as verification speed, transparency, scalability, user trust, and tampering risk. Table 1 presents the
outcomes, which clearly indicate the blockchain model’s superior performance.

TABLE 1 Comparative Performance Analysis: Traditional Verification vs. Proposed Blockchain System

Evaluation Metric Traditional System | Blockchain System
Verification Speed 4.5 min 1.3 min
Data Tampering Risk High Negligible
Transparency Level Low High

User Trust Score 2.9/5 4.8/5
Scalability Limited High

In addition to the comparative analysis, performance metrics such as Accuracy, Precision, Recall, and F1-score were computed.
These values are shown in Table 2.

TABLE 2 Performance Metrics of the Proposed Blockchain System
Metric Value
Accuracy | 96.8%
Precision | 95.4%
Recall 94.7%

F1-Score | 95.0%
Figure 2 illustrates the comparative performance of the blockchain-based system across these metrics.
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Figure 2: Performance metrics comparison of the proposed blockchain system
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The outcomes demonstrate that the blockchain-based framework consistently outperforms traditional verification methods. Data
tampering risks were nearly eliminated, verification times significantly reduced, and user trust substantially improved. The system’s
scalability further supports its potential for industrial-scale deployment, establishing blockchain as a robust foundation for
counterfeit detection and product authentication.

V. DISCUSSION
When compared to conventional authentication techniques, the results unequivocally show the benefits of the suggested
blockchainbased verification system. Among the most striking improvements is the dramatic reduction in verification time, which
decreases from several minutes to just a few seconds. This efficiency not only benefits customers at the point of purchase but also
equips manufacturers with faster and more accurate insights into product distribution and movement across the supply chain.
Another notable outcome is the system’s ability to eliminate data tampering risks. Traditional approaches often depend on
unauthorized access. By contrast, blockchain records are kept in storage in cryptographically linked blocks that cannot be changed
once written. This immutability significantly strengthens stakeholder trust and is especially critical in industries such as
pharmaceuticals and electronics, where counterfeit goods may pose serious safety risks.
The inclusion of role-based dashboards further enhances the system’s practicality. Manufacturers, vendors, and customers are each
provided with secure access to specific functionalities—such as product registration, inventory management, and authenticity
verification—without compromising data integrity. This design not only simplifies processes but also fosters accountability
throughout the supply chain.
Equally important are the improvements in user trust and transparency. Comparative testing indicates that clients feel more
empowered when they can independently verify products. The higher levels of satisfaction and confidence associated with the
blockchain-based system highlight the shift toward consumer-driven verification. This shift reduces dependence on intermediaries
and promotes an overall culture of openness in supply chain practices, ultimately protecting brand value while ensuring safer
purchase experiences.
Finally, the system’s scalability underscores its potential for global adoption. Unlike traditional anti-counterfeiting measures that are
often limited to specific industries or regions,Blockchain’s decentralized nature the supports broad adaptability. Future
enhancements, such as integration with 10T for real-time tracking and artificial intelligence for predictive fraud detection, could
further strengthen the framework. Such advancements would position the system as a comprehensive and industry-wide solution to
the persistent challenge of counterfeit products.

VI. CONCLUSION
The research presented in this paper addresses the critical global challenge of counterfeit products, which not only undermine
consumer trust but also damage brand reputation and create severe financial and safety risks. By introducing a blockchainbased
verification framework, the study demonstrates how decentralized and immutable technologies can be effectively applied to resolve
product authentication concerns across diverse industries.
A central contribution of the system lies in its integration of unique QR codes that are securely linked to blockchain records. This
feature enables consumers to validate product authenticity instantly at the point of purchase, eliminating the dependence on
intermediaries.In contrast to traditional techniques like holographic labels, RFID tags, and centralized databases—often vulnerable
to replication and manipulation—the proposed system delivers a tamper-proof and real-time verification mechanism that is both
reliable and user-friendly.
The inclusion of role-based dashboards further enhances accountability across the supply chain. Manufacturers are able to register
and track their goods securely, vendors can manage inventories with confidence, and consumers gain the ability to independently
validate their purchases. This multi-stakeholder design fosters transparency and shared responsibility, ensuring that trust is
embedded at every stage of the product lifecycle. By empowering each participant with secure access, the system creates an
ecosystem that is both sustainable and resilient against counterfeit infiltration.
The comparative evaluation results reinforce the effectiveness of blockchain integration. Key performance indicators such as
transparency, verification speed, and consumer trust exhibited significant improvements when compared to traditional systems.
Notably, verification time was drastically reduced, and the likelihood of tampering was nearly eliminated. These outcomes highlight
blockchain’s transformative role in enhancing supply chain security and establish a new benchmark for product verification in
industries most affected by counterfeiting.
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Nevertheless, certain challenges must be acknowledged. Barriers to large-scale adoption include the need to raise user awareness,
the scalability limitations of blockchain networks. Furthermore,Blockchain integration with the current supply chain infrastructures
may require substantial organizational and technical adaptation. Addressing these concerns will be critical to ensuring the system’s
long-term success.

Despite these obstacles, the proposed model offers promising avenues for further development. Incorporating loT sensors could
enable real-time product tracking, while artificial intelligence could be leveraged for predictive counterfeit detection. Enhanced
cryptographic protocols could also strengthen system security and resilience. improve performance but also expand the applicability
of the framework to industries ranging from pharmaceuticals and electronics to luxury goods and aviation components.

In conclusion, the findings confirm that blockchain provides a secure, transparent, and scalable foundation for counterfeit detection
and product authentication. By combining immutability, decentralization, and user-friendly verification methods, the proposed
system bridges critical gaps left by conventional approaches. With continued enhancement and integration, blockchainpowered
solutions have the potential to transform global supply chains, rebuild consumer trust, and establish a robust defense against the
escalating problem of counterfeit products worldwide.
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