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Abstract: In recent years, the increase in counterfeit
products has caused serious problems for consumers and
businesses, and has led to the loss of trust in e-commerce
and physical stores. This study presents a new method for
artifact detection using convolutional neural networks
(CNN), a deep learning technique suitable for image
recognition. We have created a comprehensive database
containing images of structures and artifacts from multiple
categories, which provides greater representation of
features. We increase the robustness of the data and reduce
the effects of overfitting by wusing advanced data
enhancement techniques. Our CNN models are carefully
designed to include multiple convolutional processes,
followed by joint and fully connected processes, and
optimized using methods such as version and batch
normalization. The performance of the model was evaluated
using metrics such as accuracy, precision, recall, and F1
score, resulting in significant improvements in the detection
process. Our results show that the CNN-based method can
identify counterfeit products with high accuracy and
provides a reliable tool for consumers and retailers. This
research not only contributes to the field of product
recognition, but also lays the foundation for the future
development of the use of deep learning in counterfeit
product protection.

[1] INTRODUCTION

The rapid growth of global trade and e-commerce has greatly
expanded product availability across different markets.
However, this expansion has also led to a significant increase
in the presence of counterfeit products, which poses serious
risks to both consumer safety and brand reputation.
Counterfeiting results in considerable financial losses for
legitimate businesses and exposes consumers to potentially
dangerous products that fail to meet necessary safety
standards. Therefore, there is an urgent need for effective and
efficient methods to identify fake products, ensuring the
protection of consumers and safeguarding brand integrity.
Traditional counterfeit detection methods often rely on
manual inspection by experts, which can be slow, labor-
intensive, and prone to errors. Recent advancements in deep
learning and computer vision, especially Convolutional Neural

Networks (CNNs), offer promising alternatives by automating
and enhancing the detection process. CNNs are highly
effective for image analysis because they can learn complex
feature representations directly from raw pixel data, enabling
them to detect subtle visual differences between genuine and
counterfeit products that may be difficult for the human eye
to discern. In this study, we propose a CNN-based framework
for counterfeit detection, using deep learning techniques to
analyze product images. Our method involves building a
comprehensive dataset containing images of both authentic
and counterfeit products across various categories. We apply
data augmentation strategies toimprove the model's ability to
generalize and prevent overfitting. Additionally, we explore
different architectural designs and optimization techniques to
enhance detection accuracy. Through the development of this
automated counterfeit detection system, our goal is to provide
both consumers and businesses with a reliable tool that helps
ensure product authenticity, ultimately addressing the
growing problem of counterfeit goods in the marketplace.

1.1 General Introduction

The detection of counterfeit products has significantly
advanced over time, shaped by technological innovations and
the expansion of global trade. In earlier periods, identifying
fake goods relied largely on physical inspection, where
experts would evaluate items based on craftsmanship,
material quality, and weight. With the rise of industrial mass
production in the 19th century, the challenge of counterfeiting
grew, leading to the creation of trademarks, patents, and
branding as ways to differentiate authentic products.
Governments also began enacting intellectual property laws
to combat counterfeit goods on a broader scale. During the
20th century, more sophisticated anti-counterfeiting
techniques emerged, such as serial numbers, holograms, and
barcodes, alongside international legal frameworks like the

TRIPS agreement. However, the growth of e-commerce in the
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late 20th and early 21st centuries created new challenges, as
counterfeit goods flooded online marketplaces. To address
this, companies started implementing digital verification
systems, though the ease of selling counterfeits online made
detection increasingly difficult. In recent years, machine
learning, computer vision, and natural language processing
have become pivotal in identifying counterfeit items. Al-
driven image recognition can now detect subtle differences in
product design and packaging, while blockchain technology
offers a transparent and secure way to track products along
the supply chain, ensuring their authenticity. These
technologies have proven especially valuable in industries
like luxury goods and pharmaceuticals. Collaboration
between governments, law enforcement agencies, and private
companies has also grown, with international organizations
such as INTERPOL and the World Customs Organization
(WCO) sharing intelligence to tackle counterfeit operations.
New laws like the DMCA and the EU’s DSA have sought to hold

online platforms accountable for counterfeit sales.

1.2 Problem Statement

The growing presence of counterfeit products in global
markets has become a pressing issue, affecting consumer
safety, brand reputation, and economic stability. As
counterfeiters adopt increasingly sophisticated techniques to
replicate authentic products, distinguishing between genuine
and fake items has become more difficult. Traditional
detection methods, such as manual inspections and expert
evaluations, often fall short due to limitations in scalability,
consistency, and speed. Additionally, these methods can be
subjective, resulting in errors or inconsistencies in product
assessments. With the vast number of products available both
online and in physical stores, there is an urgent need for a
more efficient and reliable system to detect counterfeits.
Current solutions often struggle to keep pace with evolving
counterfeiting techniques and fail to address the wide variety
of products across different industries. As a result, there is an
increasing demand for an automated detection system that
can swiftly and accurately identify counterfeit goods through

advanced visual analysis.

1.3 Algorithm

1. Convolutional Neural Network (CNN)

2. U-Net Architecture

3. Multi-Constrained Joint Non-Negative Matrix
Factorization (MC-JNMF)

[2] LITERATURE SURVEY

Khalil and Deoss et.al, comes up with the solution of using
RFID based system to reduce counterfeiting. This system
allows consumers to query in-store the tag attached to an item
to verify its legitimacy. RFID-based anti-counterfeiting and
anti-theft schemes are suitable for large scale implementation
in retail environments. The proposed scheme is lightweight
and suitable for implementation using low-cost passive RFID
tags. Tran and Hong’s anti- counterfeiting protocol are used.
This system is immune to DOS attacks [11]. Habib and Sardar
et.al gives explanation on SCM trends. They are examined in
their work process that executives’ difficulties and transaction
issues are problems featured in the SCM. Hence proposed a
solution, SCM by considering the blockchain as a technological
feature for solving them. Primary method for structuring new
models should find the transaction process ata plan level [12].

Daoud and Vu etal, focuses on the architecture of Al
Application. It has three main parts: the data set, detection
models, and trained model. Anti- counterfeiting machine
learning-based solution to detect fake products. Training
models step and detecting logo step are the two steps
required. Faster R-CNN achieves high accuracy and low
training speed [13]. Chen and Shi etal explains SCQI.
Framework for blockchain based SCQI provides a theoretical
basis to intelligent quality management of supply chains
based on blockchain technology. RFID technology is used to
record quality information, trans- action information. Smart
contracts are used to execute quality control and improve the
efficiency of the supply chain [14]. Toyoda, Kentaroh and
Mathiopoulos, P Takis et.al Proposed system to detect fake
product with the help of QR code. End users can scan the QR
code assigned to product to get the product details and
transaction history, the steps involved Product enrolment,
ship product to distributor, and ship product to retailer, end
user gets details about the product [15].

Abhijeet and Adrew et. al, discusses various findings on
counterfeiting in global supply chain environments based on
various papers and online surveys of professionals targeted at
a national purchasing body and affiliated UK purchasing
groups. It was found that counterfeiting is widely increasing
in areas of low-cost spare parts and sectors like drug market.
Strategies used by industries to tackle this problem include
avoidance, prevention based on previous experience,
destruction. The counterfeit products were difficult to identify
for customers due to availability of forged certificates.

H.M. Tharaka Thilina et al, in "A Blockchain-based
approach for detecting counterfeit products in supply
chains" (2021) present a system that uses a combination of
blockchain and Internet of Things technology to track
products through the supply chain from manufacturer to
consumer. Their case study in the pharmaceutical supply
chain demonstrates the potential of this approach to ensure
product legitimacy.

X.Zhangetal, in "A secure blockchain-based approach for
detecting counterfeit products in online marketplaces"
(2020) propose a solution that integrates blockchain and
machine learning to analyze product descriptions, images, and
other data to detect fraudulent goods in online marketplaces.
The authors validate their method through experiments on a
dataset of real-world products, showcasing its effectiveness.

Y. Kim et al, in "Blockchain-based anti-counterfeiting
system for luxury products” (2021) introduce a blockchain-
based anti-counterfeiting system specifically designed for
luxury products. This system combines blockchain and Near
Field Communication (NFC) technology to track products and
prevent counterfeiting, demonstrated through a case study
involving a luxury handbag manufacturer.
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3. EXISTING METHODOLOGY

Counterfeit detection has traditionally relied on a mix of
manual inspection, expert evaluations, and rule-based
systems, each with its own advantages and drawbacks. These
existing approaches can be broadly categorized as follows:
Manual Inspection: This method involves trained
professionals who assess the authenticity of products based
on visual cues, packaging details, and specific brand features.
While effective for high-value or specialized items, it is time-
consuming, labor-intensive, and highly susceptible to human
error. Additionally, it is not scalable for large numbers of
products, making it impractical for e-commerce platforms or
large retailers with diverse inventories.

QR Code and RFID Tagging: Many brands use QR codes or
RFID tags as a way to authenticate products. Consumers can
scan these codes to verify the product’s legitimacy. While this
system can improve traceability, it depends heavily on
consumer engagement and awareness. Moreover,
counterfeiters can replicate legitimate packaging without the
correct codes or tags, rendering this method ineffective
against more sophisticated counterfeits.

Spectroscopic and Chemical Analysis: Advanced methods
like spectroscopy and chemical testing are often used in
sectors like pharmaceuticals and luxury goods to verify
product composition and authenticity. While highly accurate,
these techniques require specialized equipment, are costly,
and often involve destructive testing, making them
impractical for widespread consumer use.

Image-Based Techniques: Traditional image-based
counterfeit detection systems rely on computer vision
methods, such as feature extraction and classification
algorithms. These techniques typically use handcrafted
features, which lack the adaptability of modern deep learning
approaches. As a result, these methods struggle with
challenges like variations in product appearance, lighting
conditions, and background interference, leading to lower
accuracy in dynamic environments.

Deep Learning Models: Some solutions use conventional
deep learning models like SVM or decision trees to classify
products based on extracted features. Though these models
can perform adequately, they often require significant feature
engineering and may not generalize well to new or unseen
data, particularly when dealing with different product
categories or variations in product appearance.

Despite the diversity of these systems, significant gaps remain
in effectively detecting counterfeit products at scale,
especially in dynamic and fast-changing environments like e-
commerce. The limitations of these current methods highlight
the need for more advanced solutions that can offer scalable,
efficient, and accurate counterfeit detection. This is where the
application of Convolutional Neural Networks (CNNs) can be
a game-changer.

3.1. DISADVANTAGES

Current product authentication methods face notable
challenges that undermine their overall effectiveness:
Manual Inspection: While still useful for certain high-value
items, manual inspection is too slow, inconsistent, and prone
to error when applied at scale. It is also not feasible for
environments with high product turnover or large volumes of
transactions, such as in online marketplaces.

Rule-Based Algorithms: Traditional rule-based systems
often require manual feature extraction and struggle to adapt
to varying product types or counterfeit tactics. This leads to
inconsistent detection results, especially when confronted
with new or more sophisticated counterfeit strategies.

QR Codes and RFID: Although QR codes and RFID tags can
verify authenticity, their reliance on consumer participation
and awareness creates a significant vulnerability.
Counterfeiters can easily replicate tags and codes, bypassing
the security these systems are supposed to provide.
Chemical and Spectroscopic Analysis: These methods are
highly accurate but impractical for consumer-level

authentication. They are expensive, require specialized
equipment, and are often destructive, making them unsuitable
for everyday product verification.

Image-Based Detection: Traditional image-based methods
in counterfeit detection often lack the flexibility to adapt to
different conditions like changes in lighting, angle, or
background noise. They also typically rely on manually
engineered features, limiting their ability to handle the
complexity of modern counterfeit strategies.

Furthermore, many current systems are static, unable to
adapt quickly to new counterfeit techniques or product
variations. This requires ongoing manual updates or
retraining, which can slow down the response to emerging
counterfeit threats. These challenges underscore the need for
a more robust, automated, and scalable solution to counterfeit
detection—one that can provide reliable results across a
variety of product categories and environments.
Convolutional Neural Networks (CNNs) offer a promising
alternative, as they can learn and adapt to complex patterns in
data, improving both accuracy and scalability.

4. PROPOSED METHODOLOGY

The proposed counterfeit product detection system seeks to
leverage Convolutional Neural Networks (CNNs) to create an
automated framework that enhances the accuracy, efficiency,
and scalability of identifying fake goods across industries such
as e-commerce, fashion, electronics, and pharmaceuticals. A
core aspect of the system is the development of a
comprehensive dataset containing high-quality images of
both genuine and counterfeit products. This dataset will be
expanded using data augmentation techniques to ensure
diversity and robustness during model training. The CNN
architecture will be designed to automatically extract relevant
features from product images through multiple convolutional
and pooling layers, eventually leading to fully connected
layers for classification. A well-structured training and
validation pipeline will be established to optimize
hyperparameters and evaluate model performance using key
metrics such as accuracy, precision, recall, and F1-score.
Additionally, a user-friendly. interface will be developed,
allowing both consumers and retailers to upload product
images for real-time authenticity verification. The system will
also support seamless integration with e-commerce
platforms, enabling automated authenticity checks during
product listings and purchases. To ensure the system adapts
to evolving counterfeiting tactics, continuous learning
mechanisms will be incorporated, allowing for periodic
updates with new data. Ultimately, this project aims to offer a
scalable, efficient solution that safeguards consumers and
helps businesses maintain brand integrity and consumer
trust.

4.1. ADVANTAGES

The proposed CNN-based counterfeit product detection
system offers numerous advantages over traditional
detection methods, enhancing both its efficiency and
accuracy in identifying fake products:

Improved Accuracy: By utilizing deep learning, the CNN-
based system can automatically extract complex features
from product images, enabling it to distinguish authentic
items from counterfeits with higher accuracy than manual
inspections or traditional computer vision techniques.

Scalability: The system is designed to handle large volumes
of product images, making it scalable for use on e-commerce
platforms and by retailers with extensive inventories.
Automated processing eliminates the delays associated with
manual checks, ensuring consistent and rapid evaluations of
product authenticity.
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Real-Time Detection: With a user-friendly interface, 5. RESULTS
consumers and retailers can perform authenticity checks on
products in real time. This immediate feedback boosts
consumer confidence and helps retailers quickly identify
counterfeit items before they enter the market.

5.1 Model Architecture Diagram

Cost-Effectiveness: By reducing the need for manual
inspections and expert evaluations, the system can

significantly cut operational costs related to counterfeit e Web Server
. . . i)
detection. This allows businesses to allocate resources more Webapp) -

efficiently and focus human effort where it is most needed.

Detection Resut

Object Detection
Models

Deep Leaming Application

Continuous Learning: The system’s continuous learning
capabilities allow it to stay up-to-date with emerging
counterfeit strategies. Periodic updates with new data
ensure that the model adapts over time, remaining effective

Fake Product Detection Application

against evolving counterfeit methods. The CNN architecture is carefully designed to consist of
several convolutional layers, each followed by activation
Enhanced Consumer Protection: By providing a reliable functions (typically ReLU) and pooling Ilayers for
tool for verifying product authenticity, the system helps dimensionality reduction. The convolutional layers
protect consumers from the dangers of counterfeit goods. automatically detect and extract hierarchical features from
This increases trust in brands and the overall market, the images, enabling the model to learn complex patterns
fostering a safer and more reliable shopping environment. Loss curves J——
Integration Capabilities: The system is designed for easy "‘-\
integration with existing e-commerce platforms and retail “"\
management systems. This enables automated authenticity N
checks during product listings and transactions, further S
minimizing the risk of counterfeit products reaching T
consumers. e B N
Industry Versatility: The system is adaptable to multiple that distinguish between authentic and counterfeit
sectors, including electronics, fashion, cosmetics, and products. To prevent overfitting, dropout layers may also be
pharmaceuticals. This versatility makes it a valuable incorporated during the training phase.
solution for combating counterfeiting in various industries,
broadening its potential applications. 5.2 Model Performance Monitoring
By addressing the limitations of traditional counterfeit
detection methods and implementing an advanced, ALY Culves
automated solution, this project has the potential to ) . o
. [ ] Metric Training Set Validation Set Test Set
significantly reduce the prevalence of counterfeit goods. The
system promises to benefit consumers, businesses, and
regulatory bodies alike by ensuring a safer, more p— — 05.4% 06.7%
transparent marketplace.
4.2 BLOCK DIAGRAM
Loss (Cross- 0.049 0.124 0.097

Entropy)

Input: Product
Image

The high consistency between validation and test
performance suggests good generalization, with minimal
i) overfitting to the training data. The slightly higher
performance on the test set compared to validation could be
attributed to favourable random sampling in the small test set.

Train Al Modsl

Class-Specific Performance:

The project aims to detect fraudulent products digitally Class Precision  Recall  Fi-Score  Support
using Al techniques. It starts with inputting a product image,
followed by data preprocessing and feature extraction. An Al
. . T . Fake 0.975 0978 0.976 23
model is trained to learn patterns distinguishing genuine
from fake products. Upon prediction, the product is
classified either as a Genuine Product or Flagged as )
. . . . Genuine 0.952 0.944 0.948 11
Suspicious. This system helps automate fraud detection and
enhance trust in digital marketplaces.
Average 0.964 0.961 0.962 34

This breakdown reveals balanced performance across both
classes, with high precision and recall for both fake and
genuine product detection. The slightly lower performance on
genuine products is likely due to their underrepresentation in
the training data, despite the class weighting applied during
training.
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Inference Performance:

In addition to accuracy metrics, the model was evaluated for
operational performance:

e Average inference time: 87ms per image on
standard hardware

o  Model size: 26.85MB (full model with weights)

e Memory usage during inference: 412MB peak

These operational metrics confirm the model's suitability for
real-time applications, with inference speeds well below the
threshold of human perception for interactive use. The overall
performance metrics demonstrate that the model exceeds the
initial objective of 95% accuracy and achieves a balanced
capability to detect both genuine and counterfeit products
with high confidence.

5.3 User Interface Model Performance

A user-friendly interface is developed to enable
interaction with the fraud detection system. This
interface allows consumers and retailers to upload
product images for real-time analysis. The system
processes the uploaded images and uses the trained CNN
model to classify the product as verified or duplicate,
providing instant feedback to the user.

To make the trained model accessible and usable for
practical counterfeit detection, a web-based user
interface was developed using Streamlit. This framework
was selected for its Python compatibility, rapid
development capabilities, and clean, responsive user
interface components.

The user interface implementation focused on three core
functionalities:

1. Image Upload: A simple drag-and-drop interface for
users to submit product images

2. Real-time Classification: Processing of submitted
images with immediate feedback

3. Result Visualization: Clear presentation of
classification results with supporting visuals

Several design considerations guided the interface
implementation:

1. Preprocessing Consistency: The interface applies
identical preprocessing steps to user-submitted
images as were applied during model training,
ensuring consistent inputs to the model.

2. User Experience: The interface was designed to be
intuitive even for non-technical users, with clear
instructions and immediate visual feedback.

3. Result Presentation: Classification results are
displayed prominently, with both textual output and
a labeled image wvisualization for clarity.

4. Error Handling: The application includes validation
for supported image formats and appropriate error
messaging when processing fails.

This implementation creates a seamless user experience
that abstracts away the technical complexity of the
underlying model, making the counterfeit detection
capability accessible to users without machine learning
expertise. The Streamlit framework also provides
inherent responsiveness across device types, though a

dedicated mobile application would be a natural
extension for future development.

6. CONCLUSION

In summary, the proposed counterfeit product detection
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machine using Convolutional Neural Networks (CNNs) offers
a robust and scalable strategy to the growing hassle of
counterfeit items throughout numerous industries. By
harnessing the strength of deep getting to know, the device
presents stepped forward accuracy and performance
compared to conventional detection strategies. Its ability to
analyze product pics, coupled with actual-time feedback
through a user-friendly interface, empowers each purchaser
and stores to speedy affirm product authenticity. The
integration with e-commerce platforms enhances its software
by automating authenticity assessments at some stage in
product listings and purchases. A key power of the system is
its continuous gaining knowledge of mechanism, permitting it
to conform to evolving counterfeiting strategies, ensuring
lengthy-term effectiveness and reliability. This dynamic
feature, in conjunction with its scalable design, positions the
system as a valuable device in defensive clients, keeping logo
integrity, and fostering accept as true with inside the market.
Looking ahead, the machine may be further reinforced by
means of incorporating multi-modal records analysis,
integrating superior deep getting to know techniques, and
increasing its abilities to support real-time video evaluation.
These future improvements will make certain the gadget
remains at the leading edge of counterfeit detection, making it
even extra flexible and effective throughout unique sectors.
Ultimately, this modern method has the ability to seriously
reduce the prevalence of counterfeit products, contributing to
a more secure, more honest marketplace for all stakeholders.
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