TRJ ETS

e-ISSN: 2582-5208

International Research Journal of Modernization in Engineering Technology and Science
( Peer-Reviewed, Open Access, Fully Refereed International Journal )
Volume:07/Issue:02/February-2025 Impact Factor- 8.187 www.irjmets.com

FAKE PRODUCT DETECTION BY QR CODE USING BLOCKCHAIN
Harshal Borkar*!, Dr. P.M. Chaudhari*?, Yash Badwaik*3, Atik Ambule*4,
Shritej Patil*>, Kunal Dhakite*®
"123456Computer Science Engineering Department, Priyadarshini College Of Engineering,

Nagpur, India.
DOI: https://www.doi.org/10.56726 /IRJMETS67127

ABSTRACT

The prevalence of counterfeit goods is a pressing concern worldwide, affecting multiple industries and
endangering consumer safety. From counterfeit drugs to imitation branded products, the ability to verify
authenticity has become increasingly complex. Traditional countermeasures, such as manual checks and
verification seals, are no longer adequate. Blockchain technology offers a groundbreaking solution by providing
decentralized, immutable, and transparent records that enhance product verification processes.

This project investigates how blockchain technology can be utilized to detect and prevent counterfeit goods
while securing supply chains. Blockchain creates an unalterable digital record of transactions that tracks the
lifecycle of a product from production to consumption. By embedding this technology into supply chains,
businesses can ensure greater transparency, enhance product credibility, and significantly reduce the
occurrence of fraudulent activities.

To amplify blockchain's potential, this study integrates it with Artificial Intelligence (Al) and the Internet of
Things (IoT). Al enables the analysis of data to detect irregularities indicative of counterfeiting, while IoT
devices collect and transmit real-time data on product handling and storage conditions. Together, these
technologies provide an advanced system for comprehensive monitoring and instant counterfeit detection.

Challenges in implementing blockchain for counterfeit detection include scalability, interoperability, and
regulatory compliance.

Legal and ethical considerations, such as data privacy and transparency, are critical to fostering user trust and
facilitating adoption. This review addresses these challenges and emphasizes the need for balanced solutions to
overcome barriers while maximizing blockchain's potential.

A detailed analysis of recent advancements demonstrates blockchain's ability to transform industries such as
pharmaceuticals, fashion, and electronics by combating counterfeiting. These systems enhance consumer trust,
optimize supply chain operations, and reduce risks associated with fraudulent activities. The findings reaffirm
blockchain's capacity to deliver measurable benefits in securing product authenticity.

Keywords: Blockchain Technology, Counterfeit Detection, Product Authentication, Supply Chain Security
Immutable Records, Decentralized Systems, Fraud Prevention, Smart Contracts.

I. INTRODUCTION

Counterfeit goods have become a widespread issue, causing financial losses for industries and posing serious
risks to consumer safety. From fake medicines to counterfeit luxury items, the problem spans diverse sectors,
leading to diminished trust and economic instability. Traditional anti-counterfeiting measures, including
physical seals and manual inspections, are proving insufficient against the sophisticated techniques used by
counterfeiters.

Blockchain technology offers a promising solution to address these challenges. With its decentralized and
tamper-proof ledger, blockchain can securely record and verify transactions, ensuring transparency and
authenticity across supply chains. This technology’s ability to trace a product's journey, from manufacturing to
end-consumption, provides unparalleled accountability, deterring counterfeiters and safeguarding the integrity
of goods.

Incorporating complementary technologies such as Artificial Intelligence (Al) and the Internet of Things (IoT)
enhances the capabilities of blockchain-based systems. Al analyzes data patterns to detect anomalies indicative
of counterfeiting, while 10T devices provide real-time updates on product handling and logistics. This
integration creates a robust framework for ensuring product authenticity and enhancing supply chain efficiency.
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Despite its potential, the adoption of blockchain in counterfeit detection faces challenges such as scalability,
interoperability, and compliance with regulations. Ethical considerations, including data privacy and system
transparency, further complicate implementation. Addressing these issues is crucial for developing a reliable,
user-friendly system that balances technological innovation with stakeholder trust.

This review delves into the state-of-the-art applications of blockchain in counterfeit detection, exploring its
benefits, challenges, and future potential. By analyzing existing literature and identifying gaps, this study lays
the groundwork for innovative solutions that enhance counterfeit prevention efforts. The proposed framework
aims to revolutionize supply chain security, providing industries with a scalable and effective tool for combating
counterfeiting.

II. LITERATURE REVIEW

2.1 Advancements in Blockchain Technology

Blockchain technology has revolutionized counterfeit prevention by providing secure and transparent record-
keeping systems. Kumar and Mehra (2024) emphasize blockchain's potential in ensuring end-to-end
traceability in supply chains, particularly in industries such as pharmaceuticals and electronics. Their study
highlights how blockchain’s immutability deters fraudulent activities by maintaining tamper-proof records of
product journeys.

Smart contracts further enhance blockchain’s capabilities by automating verification processes and minimizing
errors. Lokesh et al. (2021) demonstrated the effectiveness of blockchain in the pharmaceutical industry,
where it reduced instances of counterfeit drugs by automating supply chain monitoring. The decentralized
nature of blockchain fosters trust among stakeholders, a critical factor for industries like luxury goods, where
authenticity is paramount.

2.2 Ethical Considerations and Challenges

Blockchain, while transformative, faces ethical and operational challenges. Ciurel (2024) argues that data
privacy is a significant concern, as blockchain’s immutable nature complicates error correction. Balancing
transparency with confidentiality is essential for protecting sensitive business and consumer information. This
aligns with recommendations by Saraswathi et al. (2024), who propose the adoption of privacy-preserving
blockchain models to address these issues.

The environmental impact of blockchain is another challenge, particularly in energy-intensive proof-of-work
systems. Djemaa et al. (2024) advocate for transitioning to sustainable consensus mechanisms like proof-of-
stake. Addressing these challenges through ethical frameworks is essential for fostering trust and ensuring fair
implementation.

2.3 10T Integration for Enhanced Counterfeit Detection

The integration of Internet of Things (IoT) devices with blockchain has proven effective in counterfeit
detection. Sanghavi et al. (2024) discuss how IoT sensors and RFID tags provide real-time monitoring of
product conditions, such as storage and transportation. This data is securely stored on blockchain networks,
ensuring traceability and authenticity.

Pandey and Litoriya (2021) demonstrated how IoT-enabled blockchain systems detect tampering and
unauthorized handling in supply chains. Their research highlights the synergy between these technologies in
fostering consumer trust and improving supply chain integrity. Mobile applications that allow consumers to
verify product authenticity further enhance the usability and accessibility of these systems.

2.4 Integration with Supply Chain Frameworks

Seamless integration with existing supply chain systems is crucial for the widespread adoption of blockchain.
According to Djemaa et al. (2025), blockchain’s compatibility with enterprise resource planning (ERP) tools
streamlines operations, reduces redundancy, and enhances transparency. This integration improves efficiency
in processes such as customs clearance and inventory management.

Anita et al. (2022) propose the standardization of blockchain protocols to facilitate interoperability between
systems. This would ensure that blockchain solutions are scalable and practical for global operations, making
them an attractive option for industries vulnerable to counterfeiting.
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2.5 Risks, Adoption, and Legal Challenges

Despite its potential, blockchain adoption faces challenges related to regulatory compliance and technical
limitations. Nabli et al. (2025) highlight the constraints imposed by GDPR in Europe, which require blockchain
systems to maintain transparency while protecting sensitive data. Similar legal ambiguities exist in other
regions, complicating implementation.

High implementation costs also limit blockchain adoption among smaller enterprises. Saraswathi and Suresh
(2024) suggest government subsidies and collaborative efforts between technology providers and industries to
address these barriers. Establishing standardized guidelines can further promote blockchain adoption and
utilization.

2.6 Blockchain’s Role in Counterfeit Prevention

Blockchain provides a robust solution for counterfeit prevention by documenting a product’s lifecycle in an
immutable ledger. Chaabaoui et al. (2024) explored blockchain’s application in the pharmaceutical industry,
where it reduced risks associated with counterfeit drugs. Their study demonstrated how blockchain enhances
transparency and ensures the authenticity of goods.

Innovative tools like product passports and non-fungible tokens (NFTs) offer additional security by uniquely
identifying products. Pandey and Litoriya (2021) discussed the potential of these tools in improving supply
chain efficiency and trust, particularly in industries susceptible to counterfeiting.

2.7 Emerging Technologies and Future Directions

Emerging technologies like Artificial Intelligence (AI) and Explainable Al (XAI) complement blockchain in
counterfeit detection. Kaygin (2023) emphasizes that XAl models enhance transparency by providing
understandable insights into decision-making processes, fostering trust among stakeholders.

Adaptive learning models are another promising development. Gada (2023) highlights how these models
refine algorithms based on evolving counterfeiting tactics, ensuring the continued relevance of detection
systems. The integration of Al with blockchain enhances scalability and paves the way for innovative, data-
driven counterfeit detection solutions.

2.8 Machine Learning for Counterfeit Detection

Machine learning has emerged as a powerful tool in improving counterfeit detection mechanisms.
Subramaniam et al. (2024) demonstrated how machine learning algorithms analyze patterns in blockchain
data to identify anomalies indicative of fraud. Their study proposes hybrid models that combine machine
learning with blockchain to enhance reliability and precision.

Priyanka and Parveen (2024) emphasize the importance of continuous algorithm refinement to stay aligned

with emerging threats. Predictive capabilities enabled by these advancements allow businesses to proactively
mitigate counterfeiting risks and optimize supply chain security.

III.  DISCUSSION

The literature reveals the transformative potential of blockchain in counterfeit detection, particularly in
improving transparency, traceability, and trust across supply chains. However, significant gaps persist,
including challenges in scalability, real-time monitoring, and compliance with varying regional regulations.
These gaps limit blockchain's full potential in addressing the counterfeit crisis. Future research and
developments should address the following areas:

1. Integration of IoT and Al for Real-Time Detection

Incorporating IoT devices and Al systems into blockchain-based counterfeit detection frameworks can enhance
real-time monitoring capabilities. This integration allows for the continuous tracking of product conditions,
enabling proactive measures against counterfeiting. Research should focus on creating scalable multi-modal
solutions to ensure seamless adoption across diverse industries and geographical regions.

2. Improving Scalability and Accessibility of Blockchain Systems

Blockchain's scalability remains a challenge, particularly in large-scale, dynamic supply chains. Future efforts
should prioritize the development of lightweight, energy-efficient blockchain models to ensure usability for
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small and medium enterprises. Additionally, ensuring that these systems are accessible to all stakeholders,
including consumers, can enhance their impact on counterfeit prevention.

IV.  RESEARCH GAP

1. Computation Cost Efficiency:

Blockchain technology, though robust and secure, often faces challenges related to computational costs. As
highlighted by Djemaa et al. (2025), the energy-intensive proof-of-work consensus mechanisms significantly
increase costs, limiting blockchain’s adoption in counterfeit detection systems. Additionally, integrating
blockchain with IoT devices, as discussed by Sanghavi et al. (2024), poses computational challenges due to the
vast volumes of real-time data generated. Optimizing these systems for cost and energy efficiency remains an
open area for research.

2. Integration of Blockchain with Emerging Technologies:

While there are separate studies on blockchain for counterfeit detection (Pandey and Litoriya, 2021) and the
use of Artificial Intelligence (Al) in fraud prevention (Kaygin, 2023), limited research exists on systems that
effectively combine blockchain, Al, and IoT. Gada (2023) underscores the potential of adaptive Al models in
fraud detection, but integrating these models seamlessly with blockchain to enhance real-time counterfeit
detection is a research gap that requires further exploration.

3. Advanced Al Implementation in Blockchain Modules:

Although studies by Ciurel (2024) and Nabli et al. (2025) explore blockchain’s application in supply chain
transparency, the in-depth use of Al in individual blockchain modules is underexplored. For instance, Al could
optimize the detection of anomalies within blockchain networks or refine smart contract executions. Gada
(2023) suggests adaptive Al models, but their potential for module-specific optimization in counterfeit
detection systems remains largely untapped.

4. User-Friendly Interfaces for Blockchain Systems:

Blockchain systems, despite their technological sophistication, often lack intuitive interfaces for users and
stakeholders. Alka Pandita and Ravi Kiran (2023) highlighted the importance of user-friendly interfaces in
enhancing user satisfaction and system effectiveness. However, research focusing on designing and
implementing interfaces that make blockchain systems accessible to non-technical users is limited. Addressing
this gap is crucial for wider adoption and effective utilization of blockchain in counterfeit detection.

V. FUTURE SCOPE
1. Expanding Blockchain Integration

Future research can focus on enhancing blockchain scalability to handle large-scale implementations across
industries. Optimizing transaction speed and reducing energy consumption will make blockchain systems more
efficient and practical for counterfeit detection, enabling their adoption in sectors like agriculture, healthcare,
and luxury goods.

2. Advanced QR Code Security

Innovations in QR code technology can improve resistance to cloning and tampering. Embedding dynamic and
encrypted QR codes can add an extra layer of security, ensuring authenticity even in high-risk environments.
Future systems can integrate biometric or IoT-based mechanisms for seamless and secure verification
processes.

3. Interdisciplinary Applications

Integrating blockchain with Al and IoT can revolutionize counterfeit detection by enabling real-time data
analytics and automation. Smart devices connected to blockchain networks can provide instant authentication
and traceability, enhancing supply chain transparency and reducing the prevalence of counterfeit products
across global markets.

4. Standardization and Accessibility

Establishing universal standards for blockchain and QR code integration can promote widespread adoption,
especially in developing economies. Research can explore cost-effective models to make these technologies
more accessible to small businesses, ensuring equitable solutions for counterfeit prevention in diverse
economic and industrial settings.
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VI. CONCLUSION

The reviewed literature highlights blockchain and QR codes as effective tools for combating counterfeit
products. Blockchain’s decentralized and immutable nature ensures data integrity, while QR codes provide an
accessible interface for product authentication. Together, these technologies enhance trust and transparency in
supply chains, with applications in sectors like pharmaceuticals and electronics. Smart contracts further
automate verification processes, reducing manual efforts and improving efficiency.

However, challenges like blockchain scalability, QR code vulnerabilities, and the lack of universal standards
remain. Limited research addresses multi-industry applications or adoption in developing regions. Addressing
these gaps through advanced technologies and interdisciplinary approaches can lead to more secure and
efficient counterfeit detection systems.
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