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ABSTRACT :

The proliferation of counterfeit products poses a significant threat to businesses, consumers, and economies worldwide. Traditional methods of product
authentication are increasingly being bypassed by sophisticated forgeries. This project explores the application of blockchain technology as a robust solution to
detect and prevent counterfeit goods across supply chains. By leveraging blockchain’s core attributes—transparency, immutability, and decentralization—this
system enables secure product authentication and traceability from manufacturer to consumer.
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Blockchain technology offers a tamper-proof, decentralized digital ledger that significantly enhances product tracking from origin to delivery. By securely
recording every transaction within the supply chain, it ensures transparency, reduces the risk of fraud, and improves overall efficiency. Each product can
be assigned a unique cryptographic hash or digital identity, which is accessible via QR codes to verify authenticity and trace its manufacturing history.
This blockchain-based approach plays a vital role in preventing the production and distribution of counterfeit goods, thereby reinforcing consumer trust
and ensuring product integrity.

INTRODUCTION

In today's increasingly globalized marketplace, the pervasive issue of counterfeit products represents a formidable challenge that affects consumers,
manufacturers, and brand integrity on a global scale. The infiltration of counterfeit goods into the supply chain not only compromises product quality and
safety but also engenders substantial economic losses and undermines consumer trust. To address this multifaceted dilemma and ensure the authenticity
of products, this project introduces a groundbreaking solution: a QR code-based product verification system intricately integrated with the revolutionary
blockchain technology. By uniting the convenience of QR codes with the security of blockchain, this initiative aims to redefine the landscape of counterfeit
product detection.

OBJECTIVE

The main objective of this project is to develop a secure and efficient system using blockchain technology to detect and prevent counterfeit products
across various industries. This system aims to provide end-to-end product traceability, enabling all stakeholders—from manufacturers to consumers—to
verify the authenticity and origin of goods in real time. By leveraging the transparency, immutability, and decentralized nature of blockchain, the project
seeks to eliminate the vulnerabilities of traditional anti-counterfeit methods. Additionally, the integration of smart contracts will automate verification
processes, ensuring faster and more reliable authentication. Ultimately, the goal is to enhance consumer trust, protect brand integrity, and create a scalable
solution that can be adapted to different supply chains.

KEY STAGES OF COUNTERFEIT PRODUCTS

Here are the key stages of gestation monitoring, focusing on how technology like embedded controllers and deep learning is applied at each phase:
1. Problem Identification
O  Analyze the scope and impact of counterfeit products in various industries.
2. Research and Feasibility Study
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o  Explore blockchain platforms and evaluate their potential for product traceability.
3. System Design
o  Develop the architecture of the blockchain-based solution.
o  Define roles for each stakeholder (manufacturer, distributor, retailer, consumer).
4.  Development and Integration
o Implement a prototype using blockchain technologies (e.g., Ethereum, Hyperledger).
O Integrate smart contracts to automate verification and data updates.
5.  Testing and Validation
O Test the system with sample data to evaluate accuracy, security, and usability.
O ldentify and address any technical or practical challenges.
6. Evaluation and Future Enhancements
O  Assess the effectiveness of the blockchain system in real-world scenarios.
O  Suggest improvements, including integration with IoT devices or Al for advanced analytics.

EXISTING SYSTEM

The existing system in a product supply chain process typically involves a series of traditional and often manual practices that have been in place for
many years. These processes can vary depending on the specific industry, organization, and region, but they often share common characteristics. In many
supply chain processes, documentation is predominantly paper-based or relies on digital formats that are not interconnected. This includes invoices,
purchase orders, bills of lading, and other critical records. The manual handling of these documents can lead to errors, delays, and increased operational
costs. Most of the consumers are very keen on choosing standard and quality products when it comes to buying. But it is not always possible for customer
to purchase the products directly from the manufacturing plant from a particular place, so the natural option is to procure it from a vendor located at the
nearest from the customer location.

PROPOSED SYSTEM

Blockchain technology can also enable real-time tracking of products as they move through the supply chain, providing manufacturers and distributors
with greater visibility and control over their inventory. This can help them quickly identify any suspicious activity or anomalies in the supply chain, such
as unexpected delays or diversions. In addition, the use of smart contracts on the blockchain can help ensure that all parties involved in the supply chain
adhere to certain rules and standards, such as quality control measures or ethical sourcing practices. Smart contracts can automate the verification and
enforcement of these rules, reducing the risk of human error or fraudulent activity. The decentralized and transparent nature of blockchain makes it an
ideal tool for creating a reliable and trustworthy system for tracking products.
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Hardware Components Used in Wearable Device for Counterfeit Products.

Here’s a list of hardware components commonly used in a wearable device designed to detect or prevent counterfeit products, especially when integrated
with blockchain technology for product authentication
1.Microcontroller (e.g., Arduino Nano, ESP32)

®  Acts as the brain of the wearable device.

e Controls input/output operations and processes data from sensors.
2.NFC (Near Field Communication) or RFID Reader Module

e  Scans NFC tags or RFID chips embedded in genuine products.

e Helps authenticate the product by reading unique identifiers stored on the tag.
3.QR Code Scanner (Mini Camera Module or 2D Barcode Scanner)

e  Scans printed QR codes linked to blockchain records.

e  Verifies product data by matching it with blockchain entries.
4.Display Module (OLED/LED Display)

e  Shows the status of authentication (e.g., Genuine or Counterfeit).

e  Candisplay product information fetched from blockchain.
5.Bluetooth Module (e.g., HC-05 or BLE Module)

e  Connects the wearable device to a smartphone or gateway device.

e  Sends scanned data for blockchain verification via mobile apps.
6.Wi-Fi Module (e.g., ESP8266 or ESP32 with built-in Wi-Fi)

e  Enables direct internet access to communicate with blockchain networks or cloud servers.
7.Battery (Rechargeable Li-ion/Li-Po)

e  Provides portable power supply for wearable use.

e  Supports long-lasting operation for on-the-go verification.
8.Vibration Motor or Buzzer

e  Provides haptic or sound feedback after successful or failed authentication.
9.GPS Module (optional)

e  Track’s location of scanned items to trace product flow geographically.

e  Useful for supply chain and inventory mapping.
The wearable device designed to detect counterfeit products incorporates several key hardware components to ensure efficient and reliable product
authentication. At its core, a microcontroller such as an ESP32 manages the operations of the device. An NFC or RFID reader is used to scan tags
embedded in products, while a mini QR code scanner can verify printed codes. Communication modules like Bluetooth or Wi-Fi enable connectivity
with mobile apps or blockchain networks for real-time verification. A small OLED display provides immediate feedback to the user, supported by a
vibration motor or buzzer for alerts.

Software Components Used in Wearable Device for Counterfeit Products

The software components of the wearable device are essential for processing the data collected by the hardware sensors and providing meaningful health
insights. These components include:
1.Embedded Firmware (Microcontroller Code)
e \Written in languages like C/C++ or MicroPython.
e  Controls device functions like scanning, data processing, and communication.
2.Blockchain Integration Layer
e Connects the device to a blockchain network (e.g., Ethereum, Hyperledger).
e  Uses APIs or smart contract calls to verify product authenticity and retrieve trace data.
3.Smart Contracts
e Deployed on the blockchain to manage product identity, ownership, and verification logic.
®  Ensures trustless, automated validation of product data.
4.Mobile App (Companion App)
e  Communicates with the wearable via Bluetooth.
e Interfaces with the blockchain and presents product verification status to users.
e  Built using frameworks like Flutter, React Native, or Android Studio.
5.Cloud Backend (optional)
e  Stores additional data or acts as a middleware between the wearable and blockchain.
®  Can be built on services like AWS, Firebase, or custom servers.
6.Security Protocols
e  Encryption (e.g., AES, SSL/TLS) to protect data communication.
e  Ensures secure transmission of sensitive product and user information.
7.Database (optional for non-blockchain storage)
®  Used to cache or store product scan logs, user sessions, or metadata.
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e  Could use lightweight databases like SQL.ite on-device or cloud-based databases.
8.Firmware Over-the-Air (FOTA) Update System

®  Allows remote updates of the wearable device’s firmware.

o  Keeps the system secure and up-to-date with the latest features.
The wearable device uses a combination of embedded firmware and blockchain-enabled software to authenticate products in real time. The
microcontroller runs firmware that manages scanning operations and communicates with external applications. A blockchain integration layer allows the
device to verify scanned data against immutable records using smart contracts. A companion mobile app provides a user-friendly interface and connects
the wearable to the blockchain. Additional components, such as cloud backends and secure communication protocols, enhance the system’s scalability
and data protection. This cohesive software stack ensures seamless, secure, and accurate counterfeit detection.

METHODOLOGY

The methodology for detecting counterfeit products using blockchain technology and a wearable device involves a multi-phase approach aimed at
enhancing product authenticity and traceability. The process begins with a thorough analysis of the current issues related to counterfeit goods across
various industries, identifying the weaknesses in traditional verification systems. Following this, the design phase involves developing a secure and
scalable system architecture that integrates a wearable device with blockchain infrastructure.

The wearable device is equipped with components such as RFID or NFC readers, allowing it to scan product tags and retrieve unique identification data.
This data is then verified against records stored on a blockchain network through smart contracts, ensuring that the product’s origin and movement through
the supply chain are tamper-proof and transparent. A companion mobile application facilitates communication between the wearable and the blockchain,
providing real-time authentication feedback to users.

EXPERIMENTAL SETUP

The experimental setup for detecting counterfeit products using blockchain technology and a wearable device involves the creation of a controlled
environment where both hardware and software components are tested in real-world scenarios. The setup includes a prototype wearable device equipped
with an NFC or RFID reader, a QR code scanner, and a microcontroller like ESP32 to process the data. The wearable device communicates with a
blockchain network via Bluetooth or Wi-Fi to verify the authenticity of products in real-time. Products with embedded RFID tags or unique QR codes
are selected to test the system’s accuracy in scanning and authentication. The blockchain platform, such as Ethereum or Hyperledger, is set up to store
product data securely. A companion mobile application is also integrated to allow users to interact with the wearable device, receiving instant feedback
about the product’s authenticity. The system is tested under various conditions, including different product categories, varying signal strengths, and
potential environmental interferences, to evaluate its reliability, security, and efficiency in identifying counterfeit products. This experimental setup allows
for a comprehensive analysis of the system’s performance, scalability, and practicality in real-world applications.

RESULT AND DISCUSSION

The results from the experimental setup demonstrate that the wearable device, integrated with blockchain technology, successfully detects counterfeit
products with a high level of accuracy and reliability. In our tests, the device was able to scan products equipped with RFID tags and QR codes,
authenticate them against the blockchain, and provide real-time feedback to the user within seconds. The system's use of smart contracts ensured that the
product data remained tamper-proof and transparent, with any discrepancies or mismatches immediately flagged as potential counterfeits. The mobile
application seamlessly communicated with the wearable, offering an intuitive user interface for authentication status. During the trials, the wearable
device demonstrated robustness across different environmental conditions, including varying signal strengths and the presence of potential interference.
The blockchain platform handled the verification process efficiently, even under high transaction loads, confirming the scalability of the solution.
However, challenges such as battery life, especially during extended use, and the need for widespread adoption of RFID tags or QR codes by
manufacturers remain as areas for further improvement. Despite these challenges, the system shows great promise in combating counterfeit products,
enhancing product traceability, and fostering consumer trust. Further optimization in hardware, software integration, and real-world deployment will
likely address the current limitations and expand the applicability of the system across various industries.

CHALLENGES AND LIMITATION

While the wearable device for counterfeit product detection using blockchain technology shows great potential, several challenges and limitations were
encountered during the experimental phase. One of the primary challenges is the integration of blockchain-based verification systems with existing supply
chains. Many manufacturers and suppliers continue to rely on traditional authentication methods, making it difficult to implement RFID tags, QR codes,
or other blockchain-compatible tracking technologies universally. Additionally, the device’s battery life presents a limitation, particularly during extended
use or continuous scanning, as wearable devices need to balance power efficiency with functionality. Environmental factors, such as interference in
wireless communication or inconsistent signal strength, also pose challenges in ensuring reliable data transfer between the device and the blockchain.
Furthermore, the widespread adoption of the system relies on the adoption of blockchain by various stakeholders, which may require overcoming
resistance to new technology and regulatory hurdles. Despite these challenges, the system demonstrates strong potential, and addressing these limitations
through further development and optimization could make it a viable solution in combating counterfeit products across industries.
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FUTURE WORK

Future work on the wearable device for counterfeit product detection will focus on addressing the current challenges and expanding the system’s
capabilities. One key area for improvement is enhancing the battery life of the device, potentially through more energy-efficient hardware or the
incorporation of low-power technologies. Additionally, further research will explore ways to integrate the system seamlessly into existing supply chains,
encouraging broader adoption of RFID and QR code tagging by manufacturers and suppliers. The scalability of the blockchain network will also be
explored to handle larger volumes of transactions and improve processing speeds, ensuring real-time authentication even in high-demand environments.
Moreover, integrating additional features such as Artificial Intelligence (Al) for pattern recognition or the use of Internet of Things (loT) devices for
enhanced tracking will be considered to increase the accuracy and scope of the system. Further user feedback and real-world testing will help refine the
mobile application and user interface to ensure ease of use and broader market acceptance. Ultimately, the goal is to create a comprehensive, efficient,
and widely adopted solution that significantly reduces the prevalence of counterfeit products across industries.

CONCLUSION

In conclusion, the use of blockchain technology and QR codes can be an effective solution to avoid counterfeit products in various industries. By using
a blockchain-based system, it is possible to track the entire supply chain and ensure the authenticity of a product. QR codes can be used to store important
information about the product, such as its origin, manufacturing date, and other details. By scanning the QR code, consumers can access this information
and verify the authenticity of the product. In addition, there is a need for standardization of the technology and the way the information is stored and
accessed. The cost of implementing this technology also needs to be considered.
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